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Department of Food Science & Agric. Chem., Macdonald
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INTRODUCTION

Phenoloxidases'  PO! from crustacean species  shrimp,
lobster and crab! have been studied in some detail in this
laboratory  Marshall et al. 1984; Ferrer et al. 1986;
Simpson et al. 1987!. It has been suggested by various
researchers that PO's are responsible for: melanosis
 Wagner and Finne, 1986!, sclerotization  hardening! after
molting  Cobb, 1977!, wound repair in the integument, and
may be indirectly involved in the calcification of the
cuticle  Stevenson, 1985!.

Mel'anosis or blackspot is a dark discoloration which is
unattractive to consumers and reduces the market value of
crustaceans. In a study by Koburger et al. �985!,
melanosis developed in lobster abdomens stored on ice at
4 C. An intense blackening of the epidermis occurred with
the dark pigment migrating into the muscle tissue. In some
lobsters, the appearance of melanosis was obvious after 2
days of storage, while other lobsters took up to 5 days to
blacken. Sulfiting agents have been used to prevent
melanosis in shrimp. However, consumer and government
concerns about the safety of sulfites added to foods have
triggered a search for suitable alternatives. At this time,
no suitable alternative other than bisulfite has been found
 Taylor and Bush, 1983; Otwell and Marshall, 1986! .

The solution to this problem may lie in the
investigation of kinetic and other properties of the
purified enzyme s! to obtain a better understanding of the
biochemical basis of phenoloxidase action and the melanosis
phenomenon. The present paper describes kinetic and some
other properties of PO from crustaceans  two species of
shrimp and one species of lobster! which undergo melanosis
to varying degrees.



MATERIALS AND METHODS

t a tion e o oxid se:

The method used for extracting PO was a slight
modification of one described previously  Simpson et al.,
1987!. Extraction involved stirring the shrimp powder in
0.05 M sodium phosphate huffer  pH 7.2, containing 0.5 M
Macl! with 0.22 "Hrij 35" at a ratio of 1:3  w/v! for 3 h
at 4 C. The homogenate was centrifuged at 8,000xg � C! for
30 min and the clear supernatant was fractionated with solid
ammonium sulfate. The fraction precipitating betveen 04 to
40% saturation vas collected by centrifugation at
12,500xg � C! for 30 min. The precipitate was redissolved
in extraction buffer and dialyzed against 3 changes of 6 L
of 0.05 M sodium phosphate buffer  pH 7.2!.

For lobsters the crude PO extract was prepared by
homogenizing  Waring blender! lobster cuticle with 0.05 M
potassium phosphate buffer �:4 w/v; pH 7.2! for 2 min
 four homogenizations of 30 sec each! at 4 C. The homogenate

Dihydroxyphenylalanine  DOPA!, CNBr-activated Sepharose
4B and bovine pancreas trypsin  type III! were purchased
from Sigma Chemical Company. Para-amino benzoic acid  PABA!
was purchased from Fisher Scientific Company and standard
low molecular weight markers for polyacrylamide gel
electrophoresis were obtained from Bio-Rad. The shrimp
obtained from Key West, Florida, were kept on ice and
transported  <1 day! to the laboratory. The carapace was
removed and rapidly frozen in liquid nitrogen, comminuted to
a fine powder in a Waring blender, and then stored at -30 C
until needed. Lobsters  Panulirus argus! were obtained from
the Florida Keys and maintained in tanks with flow-through
sea water circulation at the Whitney Marine Laboratory,
Marineland, FL. Water temperature was not controlled, and
varied according to the season. - Every month, during the
1985-86 season, 2-3 lobsters vere selected at random for PO
analysis; a total of 26 lobsters were analyzed for seasonal
variation of PO levels. PO levels were also measured . in
lobsters �4 specimens! at different molt stages: molt
 newly molted lobsters!, postmolt, intermolt and premolt as
described by Stevenson �985!. The different molt stages
were determined by morphological changes in the epidermis,
by the hardness of the exoskeleton, by following the
development of setae in the pleopods and by the appearance
of an ecdysial line along the branchiostegites, which is
characteristic of a premolt lobster  Travis, 1954!. Abdomens
of the lobster were removed and immediately frozen and
stored at -20 C. Only cuticle on the dorsal surface of the
abdomen was used for the PO determinations.



was then centrifuged at 10,000g for 20 min at 4 C. The
supernatant  crude extract! was filtered through Whatman 0 1
filter paper and stored at -20 C until assayed  <24 h!.

n't ch m a h

The dialyzed ammonium sulfate fraction was pumped �2
mL/h! onto a column packed with Sepharose 4B-p-aminobenzoate
material. Unbound material was thoroughly washed off the
column using extraction buffer and PO was eluted with 0.05 M
sodium phosphate buffer  pH 6.5, containing 1.0 M NaCl! ~
The affinity fraction was dialyzed against 6L of 0.05 M
sodium phosphate buffer, pH 6.5. This technique was used to
purify shrimp PO.

tein De e 'nation:

Protein content of the crude extract was determined
using the biuret method  Clark and Switzer, 1977!: 1 mL of
the crude extract was placed in a test tube and 4. mL of
biuret reagent added, vortexed for a few seconds, and
allowed to stand for 30 min at room temperature. The
absorbance was then measured at 540 nm using a
spectrophotometer. Bovine serum albumin  BSA! was used as
the standard protein.

he o o dase 'v't

PO activity was quantified by spectrophotometric
analysis of the chromophore generated at, 475 nm under the
following conditions: 0.1 mL of the crude enzymatic
preparation, 2.8 mL of 5 mM DL-8-3,4-dihydroxyphenylalanine
 DL-DOPA, substrate! in 0.05 M phosphate buffer  pH 6.5!,
with and without trypsin at 25oC  Savagaon and Sreenivasan,
1978!. PO actj.vity was defined as moles of DL-DOPA
transformed min under the test conditions' The assay of
shrimp PO activity, the influence of pH and the effect of
temperature on the activity and / or stability of PO, were
investigated using the spectrophotometric procedure
described previously  Simpson et al., 1987!, with DOPA as
substrate.

t' ro e 'es heno o idases:

The kinetic parameters, V x and K ' were estimated at
25 C by the least squares method of Johansen and Lumry
�961! using DOPA �.5 mM to 4.0 mM! as substrate. The
"physiological efficiencies"  V ax/K '! of the shrimp
enzymes were determined using tVe procedure by Pollock
�965! and Mihalyi �978!.



e t ho es's and olecu ar wei ht determ' ation:

RESULTS AND D1SCUSSION

Phenoloxidases'  PO! were isolated and purified from
white  Penaeus setiferus!, pink  P. duorarum}, and Florida
spiny lobster  Panulirus argus!. PO from both shrimp sources
migrated as a single protein band in polyacrylamide gels.
Lobster PO showed a large protein band at the. top of the gel
which disappeared during refrigeration storage while
activity increased  Table 1!. Electrophoresis of the extract
at each storage time showed the development of a smaller
protein band  EAPO, Rf~0.48! of high activity  based on
activity staining!. Trypsin also caused the disappearance
of the large PO band and the subsequent appearanCe of two
smaller protein bands on electrophoresis, one of R+=0.46
 TAPO1! having low activity and one of Rf=0.52  'TAPO2!
having activity similar to EAPO.

Table 1. Lobster PO activity in extracts stored in the
refrigerator at 4 C for 4 days'

Relative PO Activity �!Day

2
36

51
100
77

Kinetic studies performed on the purified enzymes are
presented in Table 2. PO's from various crustaceans differ
in size. The shrimp PO's are the smallest in size while the
inactive PO  IP01! from lobster is very large. After
activation, the PO's formed from IPO1 either spontaneously
or by trypsin are still twice as large as the shrimp PO's.

Electophoresis of the purified shrimp and lobster
enzyme was performed under reducing  Laemmli, 1970! and non-
reducing  Davis, 1964! conditions. Protein identification
on the gel was by staining with Coomassie Brillant Blue  R-
250! in 25% propan-2-ol, 104 acetic acid, 0.14 cupric
acetate. The standard protein markers used to estimate the
molecular weights of the enzymes were phosphorylase b, 92.5
kDA; bovine serum albumin, 66 kDA; ovalbumin, 45 kDA;
carbonic anhydrase, 31 kDA; soybean trypsin inhibitor, 21
kDA; lysozyme, 14.4 kDA.



The pH optima for the oxidation of DOPA by all
crustacean PO's vas around neutral. Pink shrimp PO and EAPO
were slightly higher with optima around pH 8.0. The
stability of the PO's was very different depending on the
source and form. White shrimp PO was stable at slightly
acidic to neutral pH while pink shrimp PO was stable over a
broader pH range �.5 to 9.0!. The pH stability curve for
pink shrimp PO was similar to that of white shrimp PO
 Simpson et al., 1987!, however, pink shrimp PO appeared to
be less susceptible to inactivation at alkaline pH  >8.0!
than its white shrimp counterpart. IP01 from lobster was
the most stable at higher alkaline pH of 10 to 12. The
activated forms TAP02 and EAPO were also stable at alkaline
pH but the TAPO2 had a very narrov stability region while
EAPO had the largest region for stability. The observed
differences in pH stability supports the inference made
from the molecular weight differences that there probably
exists some structural differences between pink and white
shrimp PO's and the various forms of PO's from lobster.

The influence of temperature on the stability of PO
from crustaceans indicates that the enzymes appeared to have
similar stability regions �0 - 50 C!. Pink shrimp PO vas
more heat-labile than white shrimp PO. For instance, about
354 of the original activity of pink shrimp PO was destroyed
after 30 min at 50 C while the original activity of white
shrimp PO remained practically unchanged after the same
treatment. Of the 3 PO lobster forms, IP01 was the most
stable vith TAP02 and EAPO having similar temperature
stabilities. Although IP01 was the most stable of the
lobster PO forms, it was still lower than the white shrimp
PO. The difference in the susceptibility to heat
inactivation also points to possible differences in the
structures of the two protein molecules.

The Vma for the oxidation of DOPA was greater for the
reaction catalyzed by pink shrimp PO than that catalyzed by
its white shrimp counterpart  Table 2!. The K ' for the
pink shrimp PO-DOPA reaction was also relatively "lower than
that of white shrimp PO-DOPA reaction  Table 2!. The
V a /K ' of pink shrimp PO vas determined to be greater than
tRaK of white shrimp PO. The findings from the kinetic
study, a higher substrate turnover, a greater substrate
binding affinity as well as a superior physiological
efficiency for the pink shrimp PO, all support the practical
observation that pink shrimp undergo dark discoloration or
melanosis much more rapidly and extensively after catching
and during iced storage than white shrimp. The energies of
activation  Ea! estimated for the reaction catalyzed by the
two enzymes were 11.5 Kcal/mole  pink shrimp PO! and 13.9
Kcal/mole  white shrimp PO!. The thermodynamic parameters
for the reaction catalyzed by the two enzymes were similar
 Table 2!. Previous works by Low et al., �973! and Simpson
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and Haard �984! have shown that 'free energy' values for
reactions catalyzed by homologous enzymes are similar, and
it may be assumed from these observations that the free
energies of activation for reactions catalyzed by homologous
enzymes are relatively fixed. However, the relative
contributions by 'entropy' and 'enthalpy' to 'free energy'
were different for the two phenoloxidases. Entropy appeared
to be more important in lowering the free energy barrier in
the case of pink shrimp PO, while for white shrimp PO,
enthalpy was relatively more important.

Thermodynamic parameters were not performed on the 3
lobster PO forms  IPO1, TAPO2, and EAPO!. However, K ' and
E values indicated that all three forms were different in
tPieir ability to catalyze the PO-DOPA reaction  Table 2!.
Of interest is the comparison between TAPO2 and EAPO in
terms of K ' and Ea. For the DOPA catalyzed reaction it
appears that TAPO2 is more suitable for this reaction,
however, TAPO2 being activated by trypsin is unlikely to be
naturally present in the lobster sheila Because PO is
physiologically important in molting and sclerotization,
DOPA may not be the most appropriate substrate for this
enzyme. N-acetyldopamine and 3,4-dihydrobenzoic acid have
been reported as tanning agents and may be the actual
substrates for EAPO  Pryor et al. 1946; Pryor, 1962!;
neither substrate was examined in this study.

There was a wide variation in the specific activity of
PO in the shell of the lobsters tested  Table 3!. Addition
of trypsin to the PO crude extract increased the PO activity
from 2-fold to over 120-fold in some cases. Values ranged
from 0.01 to 0.80 and from 0.32 to 37.00 mmoles of DL-DOPA
min mg protein for free active and trypsin-activated
PO's, respectively  Table 3!. An increase in the levels of
trypsin-activated PO  inert PO or prophenoloxidase! was
observed during the period from May to September  Table 3!,
which were the warmest months of the year.

During the course of this study, it was observed that
little molting occurred during the cold months while most
molting took place in the summer. A relationship between
molting and water temperature has been observed by Travis
�954!, and it, was found that molting is directly correlated
with water temperature. Thus, a relationship between molt
cycle and PO levels could exist. It is known that PO is
involved in tanning the cuticle  in the case of a molting
animal, the newly forming cuticle! by catalyzing the
formation of quinones which form cross-links with cuticular
proteins  Stevenson, 1985; Andersen, 1979!. Therefore, the
levels of free PO activity  endogenously activated PO or
EAPO! should be higher during the warm months  May-September
period! when lobsters molt more frequently. However, this
was not the case as shown in Table 3. Unlike inert PO,
there was no increase in free PO activity during the May-



Table 3. Free PO and Trypsin-Activated PO  TAPO!
Specific Activity in Cuticle Extracts of Lobsters
Collected During the 1985-86 Season

PROTEIN SP. ACT SP. ACT*
CONTENT TAPO FREE PO

TAPO

ACT.
FREE PO

ACT.

EU/mL** EU/mL EU/mgmg/mL EU/mgSAMPLE

*Phenoloxidase activity

**EU  enzyme units! are expressed in mmoles DL-DOPA/min

10-01-85

10-08-85

10-21-85

10-29-85

01-08-86

01-20-86

01-21-86

10-22-85

.10-23-85

12-12-85

12-16-85

04-19-86A

04-19-86B

04-19-86C

05-15-86A

05-15-86B

05-15-86C

06-16-86A

06-16-86B

06-16-86C

06-16-86D
08-20-86A

08-20-863

09-16-86A
09-16-86B

0.35

2.37
0.30

0.54

0.59

0.87

0.17

0.07

0. 14

0.94

0.27

3 ' 32
0.49
3.70

7.54

8 ' 88

2.80
0.06

0.17

0.11

0. 11
10.77

7.41

6.72
2.22

0. 15

0.17

0.05

0.14

0 ' 04

0.05
0. 03

0.01

0.03

0.05
0.03

0.03

0. 02

0. 05

0.06

0.19

0.05

0.002
0.02

0.02
0.02

0.09

0.06

0 ' 06

0.04

0.50

0.84

0.64

0.66

0. 31

0.28

0.28

0. 19
0.24

0.40

0 ' 40

0.40

0.32

0.48

0.40

0.24

0.33

0.19

0.28

0.30

0.21
0.46

0.41

0.38
0.36

0.70

2.82
0.47
0.82

1.90

F 11
0.61
0.37

0.58

2 ' 35

0.68

8.30

1.53

7.71

18 F 85

37.00

8.48

0.32
0.61

0.37

0.52

23 ' 41
18.07

17.68

6.17

0.30

0.20

0.08

0 ' 21

0.13
0. 18

0.11

0.05

0.13

0.13

0.08

0.08

0.06

0.10

0.15

0.79

0.15

0.01
0.07

0.07

0.10
0.20
0. 15

0. 16

0. $1



September period. This was contradictory because the
prophenoloxidase must become activated before it can
efficiently act on the substrate.

A closer evaluation of Tab3,e 3 revealed that there was
one lobster which had a high free PO activity during the
sampling from May-September. This lobster vas in the
premolt stage, as determined by the presence of the new
cuticle beneath the old one. The new cuticle looked like
the old one  same color and spots!, but was very thin,
uncalcified and very fragile, having no hardness. The part
of the cuticle farmed at this stage may have been the
epicuticle. It was hypothesized that IPO1 was being
activated at this premolt stage in order to provide the
cross-linking agents  quinones! for the cuticle
sclerotization  tanning!. To confirm these results, several
other lobsters at the premolt stage were selected and
analyzed for trypsin-activated  inert PO's or
prophenoloxidases! and free PO activity as previously
described. The premolt lobsters were identified by looking
for the development of the setae on pleopods under the
dissecting microscope, by the state of development of the
epidermis, and by the appearance of an ecdysial line along
the branchiostegites. Such a line becomes visible 3-4 days
or 2-3 veeks before ecdysis in the summer months and cold
months, respectively  Travis, 1954!. The lengthening of the
premolt stage in the winter months may be due to a decrease
in the rate of physiological activities associated vith
molting.

Phenoloxidase activities for lobsters at different
molting stages are presented in Table 4. An activation of
phenoloxidase in premo3.t lobsters, especially in the late
premolt stage vas observed. Free and trypsin-activated PO
activities vere identical at the late premolt stage,
suggesting the occurrence of a fully activated
phenoloxidase. This was confirmed by analysis of the exuvia
of newly molted lobsters where addition of trypsin to the PO
extracts did not af'feet the PO activity levels, indicating
the existence of a fully active PO. Hovever, lobsters in
early premolt and other stages did not present a fully
activated prophenoloxidase  Table 4!.

CONCLUSIONS

In conclusion, PO's from different shrimp species
exhibit different. kinetic and thermodynamic properties which
could in part explain the differences in susceptibility of
these species to me3,anosis. Activation of PO occurs in
Florida spiny lobster and not in shrimp. The kinetic
properties of the various PO forms also indicate unique
differences between them. PO activity also appears to be
related to molting.



Table 4 ~ Free PO, Trypsin-Activated PO Levels and
Protein Content in Cuticle Extracts from Lobsters
at Various Molting Stages

TAPO FREE*
PO

FREE PROTEIN

PO CONTENT

TAPO

EU/mL** EU/mL mg/mL EU/mg EU/mg

*Specif ic activity, EU/mg protein
** EU  enzyme units! are expressed as mmoles DL-DOPA/min

10

Newly molted 1
Newly molted 2
Newly molted 3
Newly molted 4
Newly molted 5
Newly molted 6
Postmolt 1

Postmolt 2

Postmolt 3

Postmolt 4

Postmolt 5

Postmolt 6

Intermolt 1

Intermolt 2

Intermolt 3

Early premolt 1
Early premolt 2
Early premolt 3
Early premolt 4
Early premolt 5
Early premolt 6
Late premolt 1
Late premolt 2
Late premolt 3

0. 11

0.06

0.07

0-05

0.08

0.23

0.47

0 ' 38

0.21

0. 07

0. 10

0.08

1.98

5-14

3.27

3 ' 49

7.60

3.30

7 ' 67

5 ' 52

5 ' 31

1.82

0.96

0.93

0. 02

0.04

0.01

0.04

0.02

0 F 01

0.02

0.05

0.02

0.03

0.01

0.03

0 F 01

0.04

0.10

0. 12

0. 09

0.04

0.09

0.10

0.11

2.05

1.24

0.88

0. 21

0. 19

0.20

0.23

0.21

0.55

0.33

0.35

0.38

0.27

0.25

0 ' 20

0.43

0.39

0 ' 26

0.13

0.24

0. 11

0.26

0.33

0 ' 27

0.30

0 ' 14

0.18

0.52

0.32

0.35

0.22

0.38

0.42

1.42

1.09

0.55

0.26

0.40

0 ' 40

4.60

13.18

12.57

26.85

31.67

30 F 00

29.50

16.72

19.67

6.07

6.86

5.17

0. 10

0.21

0. 05

0. 17

0. 10

0.02

0.06

0.14

0.05

0.11

0.04

0.15

0.02

0.10

0.38

0 ' 92

0.38

0.36

0.35

0.30

0.41

6.83

8.86

4-89
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A COMPREHENSIVE OVERVIEV OF THE USE AND TESTING OF
SODIUM BISULFITE ON SHRIMP
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Gainesville, FL 3261!,

Sulfites in various forms, especially sodium bisulfite, have been
added to foods for centuries. One of the earliest recorded uses was the
disinfection of wine vessels with sulfur dioxide in early Roman times.
Since then, the use of sulfites have been extended to a variety of food
products, including seafoods.

Sodium bisulfite is used in the shrimping industry to control
meIanosis on shrimp, Melanosis, commonly known as "blackspot," is a
discoloration of the surface of the shrimp. This discoloration is caused
by naturaLly occurring enzymes reacting in the presence of oxygen. The
enzyme system is thought to involve a poLyphenoloxidase. The reaction
starts from the time the shrimp are removed from the water and continues
through refrigeration or ice storage, Although harmless, blackspot is
extremely ob.jectionable to consumers and will result in a lower price for
the product.

The use of sodium bisulfite to control discoloration was learned
from the potato industry in the 1958's when shrimp vessel harvest began
to expand. A recommendation to use a 1.25% sodium bisulfite dip for one
minute was introduced in 1956  Camber et al!. Working aboard shrimp
vessels in Key Vest, Florida, Camber used a variety of concentrations,
1,25 to 15/,and time intervals, 1 to 15 minutes, to develop this
recommendation. This recommendation was the basis for Food and Drug
Administration's  FDA! prior sanctioned use for sulfiting agents on
shrimp  Federal Register 1959!.

A 1.254 dip is equivalent to 125 grams of sodium bisulfite in 18
liters of water or 1 pound. of powder per 18 gallons, A basket of headed
and rinsed shrimp is placed into this dip for one minute. The shrimp
should then be drained and rinsed and, then stored in ice, By the prior
sanction, all shrimp thus treated must be labeled such.

REGULATIONS

In addition to the FDA's prior sanction for the use of sodium
bisulfite on shrimp, five other sulfiting agents have been listed by the



FDA as Generally Recognized As Safe  GRAS!. This GRAS status indicates
that these sulfiting agents may also be used to control blackspot in
shrimp. In addition, sulfiting agents may also be used as GRAS in
lobsters, scallops, dried cod, and clams, Sulfites may not be used in
any food source recognized as a source of Vitamin B1, such as crabs
 Pippin, 1986!.

Thus, the FDA has established that six sulfiting agents may be used
on seafood that is not a recognized source of Vitamin 81. In addition to
these regulations, the FDA has established requirements for the use of
sulfiting agents called Good Manufacturing Practice Guidelines  GMPG!.
So far, only one GMPG exists, and this GNPG is for sulfite use on shrimp
 Federal Register, 1985!. Very simply, the GAG states that sulfite
residuals as sulfur dioxide on the raw edible meat portion must be less
than 188 parts per million  ppm!, If the residual value is greater than
188 ppm, the product is actionable and subject to seizure. If the
residual value is less than 188 ppm, the product must be labeled as
containing sulfites, i.e., "Sodium bisulfite added as a preservative" or
"Sulfite pre-ent as a preservative." Shrimp products containing less
than 188 ppm sulfur dioxide on raw meat and, not labeled as cpntaining
sulfites are considered misbranded,

This information reflects the current state of U.S, regulatory
affairs. However, due to the widespread, public health concern, the
sulfite situation is under very close scrutiny in the U.S. and many other
countries. The U.S. FDA is reviewing GRAS status of all food additives
and may rescind the GRAS status for some additives. The use of sulfites
have already been banned for raw vegetables and fruits and there exists
the possibility that this ban may be extended to the seafood industry.
In addition, the FDA has sampled other seafoods, possibly to establish
GMPGs for other sulfited fishery products.

Foreign requirements, as developed by the Codex Alimentarius
Commission of the Pood and Agriculture Organization of the United Rations
and the Vorld Health Organization, differ slightly from the U.S.
requirements, Nations that use the Codex Alimentarius guidelines will
require less than 188 ppm sulfur dioxide on raw edible meat and less than
38 ppm on cooked meat  Codex, 1984!. Io current guidelines for residual
sulfur dioxide on cooked meat exists in the U.S.

HEALTH RELATED ASPECTS

As previously mentioned, sulfites are found in a variety of food
products. From potatoes, dried fruits and vegetables to wine, sulfites
have a variety of uses, Sulfites are used as antimicrobial agents, to
prevent discoloration, to inhibit enzymes, as antioxidant and reducing
agents, and as bleaching agents. The differing sulfited products also
exhibit varying degrees of residual sulfur dioxides, with shrimp at 188
ppm sulfur dioxide at the lower end of the range and dried fruits at 3888
ppm sulfur dioxide at the higher end.
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Keeping in mind the wide range of products, uses, and concentrations
of sulfiting agents, it is easy to understand how sulfiting agents have
become suspect in causing allergic type reactions when present in
consumed foods. This public health problem has grown into a major
concern since the 1984 report of several deaths associated with
consumption of fresh salads containing sulfites. It is this highly
emotional public health concern that has caused the U.S. government to
reevaluate the GRAS status of sulfiting agents. However it should be
noted that none of the reported fatalities have been definitively
associated with shrimp.

The FI!A has kept record of sulfite consumer complaints by product
types  Table 1!, Table 1 indicates that "seafood" has been responsible
for approximately lM of adverse reactions to sulfite.

Table 1. Sulfite Adverse Reactions by Associated Product Type

Count PercentageProduct Type

27,5
13.5

277
136

Of the 97 seafood sulfite complaints, 58 were reported as Type One
or severe, for a 60'X report figure. Others were reported as Type Two
 moderate!.

Research into the allergic reactions brought on by sulfited food
consumption has been on-going at the University of Wisconsin's Food
Research Institute by Dr. Steve Taylor  Taylor and Bush, 1986!. His
research has brought to light some important conclusicns:

1! There is no evidence that the current usage level of suifites
represents a health hazard to the majority of the U.S.
population,

2! Reproductive processes are not adversely effected by sulfites,
nor do suliites elicit carcinogenic response in chronic feeding
studies,

I Salad Bar
l Other
I lion-salad bar fruits and vegetables,

fresh  excluding potatoes!
j Wine
I Seafood
t Potatoes, other than fresh
I Fresh Potatoes
l Fruit, dried
I Baked goods

Drugs
I Beer
I Fruit and vegetable juice
IOther alcoholic beverages

135
188

97

55
51
41
35
28
14
14
13

13.4
19.7

9.6
5.5
F 1
4,1
3,5
2 ' 8
1,4
1,4
1 ' 3



3! Sulfite sensitive individuals represent a small percentage of
the tota1 population. Of the greater than 9 million asthmatics
in the U.S. population, only about 2ey of these are severe
asthmatics and about 8'4 of the severe asthmatics are sulfite-
sensitive asthmatics, and

4! Some sulfited foods do not elicit asthmatic attacks in confinued
sulfite-sensitive individuals. One of these foods is shrimp,

CURRENT SULFITE RESEARCH

Current research indicates that there is no superior alternative to
the 1,25'4 one-minute sodium bisulfite dip for control of blackspot
 Otwell and marshall, 1986!. If this dip is applied correctly, then the
product should not only have little or no blackspot, but should also
contain less than 188 ppm sulfur dioxide  Finne et al, 1986>. The only
exception to this is the addition of the sodium bisulfite to the brine
aboard freezer boats. This type of dip may not yield product with 1ess
than 1$$ ppm residues. If the product was incorrectly treated and
contains greater than 188 ppm sulfite residue, then reclamation of the
product might be possible by thawing, peeling and washing in water for 39
minutes or by high intensity heat cooking  Marshall et al, 1986!.

TESTING PQR SVLFITES

Shrimp suspected of being treated with sulfites will often be tested
by processors and regulatory agencies. Testing of shrimp can be done on
a quantitative, on a semi-quantitative, or on a qualitative basis.

There are three different quantitative tests used most often far
determining sulfite residue on shrimp. Only one of these, the Nonier-
Villiams method, is approved for use in determining U,S. regulatory
compliance. The Nonier-Villiams analysis is an Association of Official
Analytical Chemists'  AOAC> approved final action procedure. This method
is long, tedious, and expensive. !t requires a complicated distillation
apparatus with a sulfur dioxide gas collector, The product is placed
into the reaction flask with water and acid and refluxed for 1 hour and
45 minutes. After refluxing, the solution in the sulfur dioxide gas
collector is titrated from pink to yellow with a base solution and a
value is calculated. The PDA has slightly modified and optimized the
official method for ease in use. This modification was collaboratively
studied by the HFPA in 1987. The results of the collaborative study
recommend that the method be adopted official first action for the
quanitation of sulfites. The report is currently under review prior to
publication in the "Journal of the AOAC."

Another quantitative method is the ion chromatography method  Cooper
et al, 1986; Kim and Yim, 1986!, This method is much more rapid but
requires an extremely expensive, sensitive piece of equipment. This
method has not been approved as an official regulatory compliance method.

The thi.rd quantitative test is a rapid distillation method  DeVries
et al, 1986!. Again, this test requires a sensitive, moderately
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expensive piece of equipment, but takes approximately only 18 minutes to
rua. This method also has aot been approved as an official regulatory
compliance method, but attempts are underway to examine the feasibility
of a collaborative study for such approval.

There are a variety of semi-quantitative and qualitative tests
available. The ma]ority of these tests were not designed for shrimp and
consequently require further examination before routine use by the
shrimpiag industry. These methods include:

1! The p-rosaniline test, which is an AOAC  Section 28,191!
recognized method far detection of eulfites on ground beef.
This method requires a spectrophotometer. Attempts to modify
this method for use with shrimp have not been successful.

2! The micro-diffusion test, which is very similar to the p-
rosaniline test. This test uses a reaction vessel called a
Conway diffusion dish. Experiences with this method indicate
that it gives low values. In addition, this method requires
use of a mercury compound which is not recommended for food
processing facilities.

3! The eazyme test kit  i,e., Nanneheim Boehriager!, is relatively
inexpensive. However, this kit requires the use of an
ultraviolet spectrophotometer, which can be expensive to
operate and maintaia. I'urther research is currently being
conducted in the U.S, to adapt this kit for use with shrimp.

4! Iodate - Iodide titret kits  i,e., Chemetrics, Inc,! which
employ a standard chemical reaction within a disposable glass
cell. Again modifying this kit to use with shrimp has
presented problems and does not appear promising,

5! Drop count and titration kits  i,e., Lamotte! which are
manufactured specifically for the waste water treatment
industry. These kits require a water solution for their use, so
application to the shrimping industry is limited,

6! lon electrodes which specifically measure the sulfur dioxide
ion. Initial studies on these electrodes were extremely
discouraging  Vood et al, 1976!. However, studies continue, and
a possibI.e application may be developed in the near future.

7! A permanganate distillation method that requires an acid
distillation of the product  Hudak-Roos et al, 1986!. The
sulfur dioxide gas formed is carried into a permanganate
solution. If the product contains less than 189 ppm, the
permanganate retains its color. If the product contains greater
than 188 ppm, then the permanganate becomes a clear  colorless!
solution. Nore expensive and time consuming than the below
mentioned malachite green test, this test permits greater
sensitivity. An attempt was made to seek AOAC approval of this



method through a collaborative study. However an accurate
evaluation of the study was compromised because of the
disparity in Nonier-Villiams values among participants. This
test was not put forth for AOAC approval and further
collaboration was halted in order to more closely examine other
methods.

Although these tests are available, most facilities qualitatively
testing for sulfites use one of two methods: test papers or a malachite
green test,

Sy far, the most common method of testing is to use test papers or
strips. These test papers are distributed by a variety of manufacturers
and are inexpensive to use. Hach vial of test strips contains a
comparison chart for determining approximate values. Some of these charts
range from 8-400 ppm, others range from 8-1000 ppm. The strip is applied
until moist to either the peeled meat or the peeled minced meat. This
wet test paper is then compared to the chart on the vial and a value
determined.

Table 2. Sulfite Test Strips, Brand A

Level <ppm! 5 Nore X Less % Correct

8
48 � 58

80 � 110
188 � 218

29

26
1

94 8
54 1'7
49 25
44 54

At the critical range of 80-110 ppm a correct value was obtained
less than 3K of the time, and rarely was a non-sulfited product detected
as such. In terms of buying decisions, 48% of the time product in the
180-210 ppm range would be accepted, while 29% of the time product in the
0 and 40-50 ppm level would be rejected.

18

Experience with these test strips at industry workshops conducted in
September, 1986 have shown that their accuracy is extremely limited
 Tables 2-4!, The workshop participants, the majority of ~hich were
industry guality Control personnel, applied each of two different brands
of test strips to two different shrimp forms: raw peeled and raw peeled
minced. The tests were conducted during three workshops by a total of 21
groups of two or three each industry participants,



Table 3. Sulfite Test Strips, Brand E

Level Z Nore Z Correct

At the critical range of 88-118 ppm a correct value was obtained
less than 25Z of the time, and 98Z of the time was a non-sulfited product
detected as such. For buying decisions, acceptance of 188-218 ppm
product would be 52Z, while rejection of 8 ppm or 48-58 ppm product would
be 22Z.

Table 4. Sulfite Test Strips, Brands Combined

Z Nore Z Less Z CorrectLevel

The combination of the brands indicates more of the same where
acceptance of 188-218 ppm product would be 58Z <+QZ! while rejection of 8
ppm or 48-58 ppm product would be 25Z  tBZ!,

The problems with the sulfite test strips have encouraged
investigati.ons into more sensitive methods. One of these is the
malachite green method. This method uses a modified AOAC method for
sulfite determination on ground, beef. By developing a series of
standards with malachite green dye, product can be compared. and a
qualitative determination be made.

Again, experience at the same industry workshops demonstrated
difficulties with accuracy  Table 5!,
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8
48 � 58

88 � 118
188 � 218

8
48 � 58
88 � 118

188 � 218

98

48
24

92
49
48

34

8
17

38
56

8

17
28
55

18
39
22 I
28

8
34
24
11



Table 5, Kalachite Green Test

% <188 ppmLevel X 	88 ppm

15
II

25
 

55
I
I

68

85

7548 � 58

88 � 118 45

I 188 � 218

Using this example, product in the 188-218 ppm range would be accepted,
4M of the time. Product at 8 and 48-58 ppm would be rejected 2M of the
time. While better than either brand of suLfite test strips, this method,
can also lead, to a great number of faulty buying decisions.

The use of food additives, while sometimes necessary, can create
many problems and complications for an industry. Such is the case with
sodium bisulfite on shrimp. Properly applied, sodium bisulfite can help
produce a high profit, esthetically pleasing product. Misapplied, it can
create regulatory compliance problems and possible serious public health
concerns. Through industry efforts in education, research, and
development of new methodology, the use of sulfites on shrimp maintains
regulatory approval while providing reasonable consumer protection.
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Misganne W. Finerty and Michael W. Moody
Louisiana State Univeristy, Department of Food Science
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Baton Rouge, IA 70803

Crawfish production and prying, limited to at, most Navember
through June, needs to supply meat to a year round market. In
order to meet the danae for crawfish meat when fresh crawfish is
unavailable, the hepatapancreas is was%% fram the tail meat and
then the tail meat is frozen. Properly packaged and frozen tail
meat usually retain good quality. However, unpredi~e bluish
gray discolcratian may ~mar when the tail meat is thawed and
zeheated. ~ disceloration is unappetizing althaugh harmless.
Citric acid dips prior to packaging and freezing have been

'CI Y
GRAS  generally reg~ as safe!. Hce~er, citric acid can
causing taughening and bleaching of tail meat without always
preventing the discoloraticm. A previaus study  Maz Ilail, 1986!
shawed that tzeatmerrt of tail meat. with 14 citric acid and, 0.1%
EOZK or 0.2% ED' alane was more effective in pvwenting bluing.

Discolazation in canned cooked shrimp, canned cooked crWneat and
atoned cooked clams has been effectively controlled with EDIA dips,
which has been approved by the U.S. Food and Drug Administration.
Modifications of the Daxbey procedure has been used as the
analytical method for each of these products. Since calcium
disodium EDZK is a food additive ~ated for use urder 21 CFR
172.120, it is necessazy to submit a food additives petition as
described in 21 CPR 171.1. Therefoxe, the abjectives of this study
were to modify existimg pzacechxees for the accurate determination
of residual concentratian of calcium disodium EVZA, in crawfish tail
meat, which would ~art a food additives petitian providing for
the use of EOZL in frozen ~ish tail meat.

EOZL is a sequestering agent used to prevent discoloration, off-
flavor fozmatian and texture deterioration  struvite formation!
caused or promoted by the presence of divalent catians. The basis
of this method is to add a divalent metal ion, nat present or
present in low concar~ations in the tail meat being analyzed, that
can be determine colorimetrically. The metal chosen is nickel.
Nickel has a good affinity for EDTA and has several properties that

developed methods for detaneining nickel concentrations. The
Dazbey �952! procedure based on these propert,ies was modified for
quantifying EDI'A in canned cooked crab+mt and canned cooked
shrimp. Since then znaoeraus researchers have improved the
procedure. The procedure developed herein is modifications of the
Darbey procedure based on sugpmtions reported in Marczenko �976! .
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made a nickel derivative usia@ dimethylglyoxime  H2Dm! p
which is a rather specific compound that can be separated fram
interfering substances. If the ~ion is carried out twice,
copper and cobalt can be eliminated. Qximas, such as dim~yl
glycecim, are more selective than the more sensitive dio~nes: l-
�-pyridylazo! -2-naphthol  PAN! and pyridine-2-aldehyde-2~inolyl
hJJ9razane  PAHQ! . The reaction is:

~ H-.
0 0

HgC~ ~
Ni

HgC~

0 0

H!CA%OH

H3C~GH
+ Ni~

Ni HDm! 2H2Dm

%his zeactian releases two protons, which cambine with the anianic
part of the nickel salt to produce an acid. 'Ihe solutian is then
acidic and the camplex is insoluble in this solutian. The Ni HDm! 2
caaplex is a pir3c flcemQent precipitate in neutral or ammmiacal
mediums, and is soluble in chloroform and other nonpolar organic
solvents. After the cceplex is decamposed in the presence of 0.5N
HCl, the chloroform layer discarded, and the nickel reacted with
Hen, an axidaM, and ammonia, I'Ni Dm�], a red-brawn, water
soluble complex forms.

Additional steps are needed to eliminate interfezences fram other
ianic species: gn9zaxylamim is added to eliminate the manganese
and copper fram forming  HDm! 2 complexes; the primary extraction
with dimethylglyoxime followed by chloroform extinction eliminates
interference fram capper, ~t, iran, chramium, aluminum and
manganese; endogenous EVZK eliminates intezf~~~ fram iron  lI!,
~t and ccyper ians; and finally potassium acid tartrate
eliminates interference fram phosphates.
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Samples of 25 grams tail meat are blended at high speed with 75 mL
saturated NaCl for 60 sec. Bath water and tail meat controls are
spiked with CaNa2EDIA � to 25 mg per sample! to be run
simultaneausly. 'Ihe hamogenate is centrifuged at 2500 zpm  l020 x
g! for 20 min. The supernatant is decanted into another ~ifuge
bottle. The residual tissue is zeextracted with 50 mL saturated
NaCl, centrifuged, decanted, ra~~acted with 50 mL distilled
water, centrifuged, and decanted. %he supernatants are combined
into anott~ 250 mL centrifuge battle.



'Ihe NiEDIA complex is formed by adding 7.5 mL NiSO4 �3.3 g/L
NiSO4.6H20! to the pooled supernatant solutions, and sha~g or

'mg well. 'Ihe complex requires 10 min to form, but is stable.
In order to zeneve mocess nickel, add 2 to 5 mL conamtrated
ammonia to the controls and 5 to 8 mL to the other samples until
the pH is at1east 10, and precipitate the nickel by a~'zxy 8 mL
1.54 VCR and, mbdzg well. Spin solution in GSA rotor at 5000 zpm
�040 x g! for 20 min. The sqpezxmtant is fil~ thraucg Whatman
No. 40 paper into a 500 mL Erhlenmeyer flask. Discard precipitate.
Interfering fans are removed by reacting the filtrate with 5 mL 20%
patmsium sodium acid tartrate, and 4 mL 10% NH2QH.HCl
 hydraxylamine hydra~oride! . The ions are formed by the addition
of at least 3 mI concentrated HCl  to free ions! until
appzmcimately pH 1. Ihis solution is relatively stable.
'ice ians are derivatized with 5 mL 1.54 IXCR. Zn order to
solubilize the derivative, at least 5 mL concentrated NH3 are
needed to reach at least pH 9. This solution is extracted 3x with
CHC1 3   50 mL! in 500mL ~au atozy f unnel . If an emulsian f orms,
filter thzaugh glass wool. Discazd aqueous fractian. Wash
chlorofozm extract with 25 mL NH3/water �:50! and discard aqueaus
wash.

Shalm chlorofarm extract with 20 mL 0.5N HCl and 15 mL 0.5N HCl
collect aqueous layers in 50 mL or 200 mL volumetric flask. A
larger volume of hydzachloric acid may be used if the dilution is
to 200 mL, but all samples must be treated the same. 'Zhe size of
flask depends an the amount of EVZL- expected. All samples and
cctntrols were diluted to 200 mL except where noted in this study.
In ozder to detect Ni baund by EDIA, 1 mL 1.54 ERGO, 2 mL 4%
patassium p~maQfate  must be p~mna9, fresh!, and 5 mL
cancentrated ammonia are adcM in this whence, mixup well
brien additians. Dilute to volume. Within 10-30 min the
absorhence was read at 445 nm against water.

l. Detaaninatian of Linearity of Standard% Solutians

%he abave procedure was used with aqueous solutians containing 100
mL water and 0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.50 mg nickel  a
carrectian factor must be used to determine the mnaunt of nickel in
the nicke1 sulfate solution!; and 0, 5.0, 10.0, 20.0 mg
CaNa2EDIA.2H20. 'Ibis was the calculated ~ of expected
residues. Triplicate samples were analyzed. The average values
were platted in Figure 1. These lines dettenstrate the linearity
and the relative concentrations of Nicke1 and CaNa2EDI'A useful for
this assay. Tables 1 and 2 shaw the mean values and the stardan9
deviations for the nickel and ED' sMx3ards. Table 3 shows the
+ectivity ratio of EDEMA to nickel. Approximately 2 moles of
CaNa2EDI'A react with 1 mole of nickel.
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TAKZ l. Mean Absorbance of Nickel Standards

0.0034

0.0453
0.0099

0 ' 0680

0.0668

-0.0075

0.1105

0.2499

0.3464

0.3732

0

0 ~ 25

0.50

0.75

1.0

TMKK 2. Naan Ahsozbance of CaNa2EDZL.H20 In Kpmous Soluticn

0 5 10
20

0.4102

0.5110
0.7541

0.7016

0.1006

0.0363

0.0623
0.0398

TABIE 3. Reactivity Ratio of CaNa2EDLA to Nickel

85 HX Qgy@ggh. 2H20 ~a2EI~~~H2~OCKZ
mo e le

0.00

0. 15
0.22
0.34

0.45

0 0.25
0.50
0.75

1.00

3.66

8.05
10.10
13.46

16.82

17.56

12. 88
13.07

13.16

2.53

1.85

1.88

1.89

2. ReM."avery Study
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'Ehe same mount of CaNa2EVZL.2H20 �, 5, 10, 15, 20 mg! was added
to both tail meat and aqueous solutians. The tail meat was
hcxnxIenized as descxihed in the pmcedure. The ague~ soj.ution
was reacted with nickel sulfate and continued through the remainder
of the procedure. 'I%a raw data is presented in Table 4. 'The
concentrations used to calculate the recovery were aibt oned fram
the regression line for the standard curve in Figure 1, which is

the tail meat samples were used to interp~late the actueous
cxmcentration. The 4 reccvmy is then calculated as the difference
in the ED' in the aqmeus controls divided by the concentratian of
EDZA added to the tail meat and multiplied by 100.
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TABLE 4. Absozbance of CaNa2EDZA.2H20 in Tail Neat
and Ac@caus Solutions

Tail Neat
ts S.D. 1

Aceous Solution
Units S.D. 1

CaNa2EDZK.2H20

0.4102 �.1006!
0.5110 �.0363!
0.7571 �.0623!
0.7016 �.0398!

0.0680 � ~ 0178!
0.1805 �.0046!
0.4541 �.0330!
0. 5264 �. 0457!

0

5
10

K�

S.D. is the starward deviation of the mean of at. least 3 values.

XAHLE 5. Recovery of CaNa2EDZA fram Crawfish Tail Neat

hR&%%% X~NL'K'
Units CaNa2EDZA. 2H20

AQUEOUS
CaNa2EDZA. 2H20

0.41

0.54

0.73

0.0

5.0

10.0

15.4

19.5

24.1
82
87

3. Residue Study

~ 25 gram  +/- 0.2! samples of crawfish tail meat were dipped
into 1000 mL solutions containinp 0, 0.1, 0.2, or 0.4%
CaNa2EDZL.2H20. three samples were not dipped as contzols. These
samples were analyzed using the above proce5uva. The absortmnce
zeedizxIs were used to detemaine the concentration ~ on the
regressed line in Figure 2. 'Ihe anhydrous concentrations were
determined by multiplying the dihydrate concentration by 0.91226
�74.3/410.3! . These values are shawm in Table 6.

TABLE 6. Anhydrous CaNa2EDZK Res~ in Crawfish Tail Meat

Qga2Z~A.2H20 ~ EZ-
25 le ' lion

29

0.0

0.1

0.2
>0.2

urmrashed

-4.288

2.098

8 ' 758
8.758

7.161

-171

84
350
350
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'%he linear range for detection of nickel  Il! is fzesn 0 to 25 mg
per liter and for calcium disodium ethylene diamine 4~acetic
acid is fram 25 to 200 mg per liter in aqueaus solutions. The ZDIA
was extzacted thzmxg the entire procedure. This partially
accounts for the lawer absorbance values for the ZDTA compared to
the nic3aL st.mdards shawm in Figure 1. Fram this data, 5 mg EDIA
is the detection limit due to losses inherent in the procedure,
abscchance properties, and reactivity during derivative formatian.
'Ble cozrelatians between concentration and absorj:mnce for bath
curves is abave 0.99 using the mean values. As also shawm in
Figure 1, the respanse of bath the nickel and ED' to the reagents
coincide, showing a linearity between the nickel and ZDIA
peraatting us to quantify nickel to deb~maine the concentration of
ZOZL aver this range.

In the initial study using 50 mL volumetric flasks, nickel abave
1.0 mg in 50 mL cauld nat be accurately quantified. Therefore,
when the volume was later increased to 200 mL, the same samples
were Used,

The plateaus in ZOIA at 0.24 dip or 10 mg CaNa2EDIA indicate that
the tail meat can at most absorb 350 ppm CaNa2EOZL.2H20. The 0.2%
dip has 350 pgm, which if put an an anhydrous basis would be 320
ggn. 'Hle 10 mg CaNa2EDZA.2H20 in 25 gree is 0.400 mg/g or 400 ppm
 x 0.87 recavezy! and   x 0.9l for anhydrous basis! would also be
320 ppn. This limit is the maximum amaunt that can be absozbed.

'Ihe crawfish aze dipped for 1 minute and drained for 1 minute. The
~ amaurrt of EVER lett in the drip that is packaged arxl the ED'
synezesus5 during the 6 months storege is approximately the same
regaxdless of the amount of EVE in the dip solutian. This value

at the 5 mg cancentratian of EDZL, which is the limit of
quarrtification. 'Xhe real concentration of EDZK is most likely much
lower than 5 mg, but this method is nat sensitive
concentzation region. Qumtification can be done by concAmtratirxy
the sample into a smaller volume and ~ifying the amaunt of ZDI'A
using the prceeduze abave.

The EDI'A added may bind to the trace minerals already present in
the ~ish tail meat. Hawever, the contribution of this should
be relatively low since the content of the tzace metals is for the
most part relatively law. 'Khan is console variation in the
mineral content of the tail neat. 'This variation is probably
respansible for the variatian, although insignificant between
concerrtratian of dip solutions, observed in the EDZK p~~t in the
liquid part of the frozen crawfish. Table 7 presents the
oancentration and range of mineral content of the tail meat.
concerrtzations were obtained using an ICP on 100 samples aver a two
year period pooling samples frcn both pond-raised and wild
crawfish.
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TABLE 7. 5KNERAL CCHTENT OF CRAWFISH TAIL NEAT

Darbey, A. 1952. Colorimetric Determination of the Sodium Salts
of Ethylenediaminetetraacetic Acid. Anal. Chem. 24�!:373-378.

' ~

Deteznunation of Elements," Marczenko, Z.  ed.! . Halsted Press,
New York.

Marshall, G. 1986. Personal camtmnication. ?auisiana State
Uhiversity, Departement of Food Science, Baton Rouge, IA 70803.

Partial m~ort far this project was from the Louisiana Crawfish
Research and Praanticm Board, Baton Baoge, Louisiana.
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parts per million

as is
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3. 354

17.37

0.967

RANGE

parts per million
as is

0.000-1.335

0.820-5.753

1.711-21.04
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INTRAMUSCULAR COLLAGEN OF FRESH AND FROZEN ATLANTIC COD  GADUS MORHUA!

C. G. Walton and T. AD Gill

Canadian Institute of Fisheries Technology
Technical University oi Nova Scotia

P. 0 ~ Box 1000

Halifax, Nova Scotia
B3J 2X4

INTRODUCTION

Frazen storage is an important method af fish preservation, how-
ever, freezing and prolonged frazen storage result in deterioration of
texture, flavour, and colour  Shenouda, 1980!. Loss of ~ater holding
capacity, and a spongy, rubbery, or fibrous texture are sametimes ob-
served in products held at high frozen storage temperatures. Product
alteratians have been attributed to the effects of interrelated physi-
cal, chemical. and enzymatic changes  Shenouda, 1980!.

There has been a great deal of research directed toward under-
standing the toughening phenomenon. Reduced extractabil.ity of myo-
fibrillar proteins after frozen storage has been confirmed. However,
the molecular basis of toughening remains unclear  King, 1966; Dyer
and Morton, 1956; Dyer et al. 1956; Dyer and Dingle, 1961!.

Int'crest in collagen as a protein contributing ta the toughness
of frozen-stored fish stems from the resistance of muscle cells to
homogenization after irozen storage. This resistance is the basis of
the "Cell Fragility Test"  Love, 1958! which related toughness and re-
sistance to homogenizatian. Love et al. �965! suggested that an
increase in the strength of the sarcoplasmic reticulum or other
cementing agent was responsible for the ability of the cells to with-
stand disruptive forces. It is suggested here that the collagen layer
of the cell wall  endamysium! may be the cementing agent responsible
for cell strength.

Early reports by Connell �962!, and Banks �965! state that de-
naturation or changes in the connective tissue elements of the muscle
likely cause certain textural defects. Tanaka �965! noted the sarco-
lemma af Alaskan pollack became tougher with frozen storage although
na work detailing the changes in connective tissue resulting from
frozen storage has been reported  Connell, 1968!. Sikorski et al.,
�984! acknowledged that collagen may be involved in the toughening of
the fish muscle with frozen storage.

Intramuscular collagen consists of the myocammata and fibrils of
collagen extending from the myocommata. These fibrils, composed af
the same collagen as faund in the myocommata  Love, Lavety and Garcia,
1972!, are part of the call wall  endomysial collagen! and connect the
myocomma to form a continuous muscle structure. Factars which must be
considered when studying cod connective tissue are seasonal

32



variations, age,  Love et al., 1976! and sampling region within the
fish  Love, 1970!.

The objective of the present study was to determine the effects
of frozen storage on collagen by chemical and microstructural methods.

METHODS

Fresh whole cod was purchased locally within two days of landing,
and held on ice throughout rigor-mortis. Fish were measured, weighed
and filleted. One fillet from each fish was frozen at -30 C, the
other analysed immediately'. Frozen fillets were held at -12 C for 5
weeks prior to analysis. Tissue pH and water content were determined
as indicators of the nutritional status of the fish  Love, 1960; Love,
1969!.

Myofibrils were prepared from fresh and frozen tissue  Olson et
al., 1976! and incubated at 10 C with bacterial collagenase  Type VII:
Sigma Chem. Co.! in a buffered CaCI2 solution. Treated and untreated
samples were fixed for scanning electron microscopy  SEM! in 2.5X
glutaraldehyde in Sorensons phosphate buffer pH 7.0. Samples were
subsequently frozen in liquid freon and freeze dried. Gold, in an
argon atmosphere, was used to sputter coat tha samples. Scanning
electron microscopy was performed using JEOL Model JAX-35 Electron
Probe X-ray Microanalyzer with an accelerating voltage of 25KV.

Tissue was dissected to separate the myocommata and myotomal tis-
sue containing endomysial collagen  Love and Lavety, 1972!, however,
residual myotomal tissue remained attached to the myocommata. Dis-
sected tissue was placed immediately into a O'C solution of 0.6 M
NaCI, 0.5 M Tris pH 7.4 containing protaase inhibitors �0 mM athylen-
ediamine tetraacetic acid, I ~ 0 mM phenylmethylsulfonyl fluoride, 2.0
mM N-ethylmaleimide, 10 mM pepstatin, 1.0 mM sodium azide!. Tissue
suspensions were held in an ica«water bath while the dissections were
completed. The extraction scheme is depicted in Figure 1.

Dissected tissue was dispersed in 20 volumes of salt solution
using a Waring blender equipped with a baffle  Dyer, et al., 1950!.
The solution was blended for four 30 second periods, each followed by
a 30 second rest period. Samples ware stirred at 4 C overnight fol-
lowed by centrifugation �000 xg, 15 min! and insoluble material re-
extracted with 10 more volumes  wet weight! of salt solution. These
two salt axtractions separated salt soluble myofibrillar, sacroplasmic
and collagenous protein from salt insoluble protein  Figure 1$! in the
pellet.

After washing the salt-insoluble pellet several times with cold
distilled water, it was suspended in 10 volumes  wat weight! of cold
0.5 Macatic acid and disrupted for 15 sac using a Polytron Model PT10-
/35  Brinkman Instruments, Raxdale, Ont.!. The sol t ion was stirred
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F
Pepsin extraction � ~ pepsin ~ 'salt

soluble preci itation

resolubilizatio
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Figure l. Extraction scheme � Sequential protein solubilization and
collagen fractionation



at 4 C overnight and centrifuged at 1000 xg for 15 min to separate
acid soluble and insoluble protein. Acid soluble collagen was
precipitated by the slow addition of crystalline NaCl to 2 M and
allowed to settle overnight  Figure 1E!.

Acid insoluble tissue  Figure 1C! was suspended in 10 volumes
 wet weight! of 0.5 M acetic acid containing 1 mg ml pepsin  Sigma
No. P-7125! to give about 1 mg enzyme to 100 mg protein. Extraction
and precipitation were performed as for acid soluble protein  Figure
1F!. Salt-precipitated protein was collected by centrifugation at
1000 xg for 15 min, washed 2-3 times in cold distilled water to remove
salt, and resolubilized in 0.5 M acetic acid  Figures 1G and H!.

Protein content, was calculated at each stage of the extraction
procedure  Lowry et al., �951!. Bovine serum albumin  Sigma Fraction
V! was used as a standard and protein content expressed as mg BSA-
protein per ml.

Hydroxyproline content was determined by the Woessner �961!
method in order to quantitate collagen content throughout the proced-
ure. An hydroxyproline level of SZ was assumed for calculation of the
collagen content of each fraction. This figure was determined for cod
skin collagen in a previous study  Young and Lorimer, 1960!.

Sodium dodecylsulfate polyacrylamide gel electrophoresis  SDS-
PAGE! using 7.5Z polyacrylamide gals containing 1.4Z bisacrylamide
crosslinker was used to monitor the isolation and purification process
 Porzio and Pearson, 1977!. Samples were prepared in the presence and
absence of the disulfide reducing agent, 2-mercaptoethanol  ME!.
Collagen peptides were identified by' their staining characteristics
with Coomassie Blue R250. Apparent molecular weights were determined
using standard heavy molecular weight marker proteins  Bio-Rad Labs.,
Richmond, CA!.

Insoluble fractions were examined with the scanning electron
microscope after each solvent extraction in order to see the effects
of frozen storage and changes during the extraction process. Samples
were prepared as described for myofibrils.

RESULTS AND DISCUSSION

Condition of Fish

Fish used were between 50 and 70 cm in length and were landed in
March and August. Table 1 gives the average tissue pH and water con-
tent and establishes that the fish caught in March were poorly
nourished'

Myofibrils

Homogenization resulted in fragmentation of individual myofibrils
in fresh muscle but not in frozen. Muscle fibres prepared from frozen
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tissue were resistant to shear as illustrated in Figure 2. The fib-
rous surface matrix of intact frozen muscle cells loses its porous
appearance after frozen storage  Figure 3!.

Table 1. pH and moisture levels of cod used in the study

Fish Condition

average pH percent moisture

March fish �!*
August fish �!*

7.15

6.90
85.6

83.5

*Figures in parantheses represent number of individuals
while data represent overall averages of duplicate analyses
of each individual fish

Digestion of the frozen cells with bacterial collagenase clearly
disrupted the sheath surrounding the cell  Figure 4!. This indicates
that the collagen surrounding each muscle cell remained intact after
frozen storage suggesting that perhaps the endomysial collagen is at
least in part responsible for the resistance to fragmentation
exhibited by frozen muscle fibres.

Solubility

Protein  Table 2! and collagen  Table 3! solubilization was re-
duced after the cod had been frozen stored at -12'C for 5 weeks. Sea-
sonal variations are evident in collagen extractability as noted by
Love et al. �976!.

Collagen of the fish caught in March, during the period of star-
vation, is 31K salt soluble and that of the fish caught in August,
when fish are well nourished, is 54X salt soluble. Love et al. �976!
report collagen of cod is more highly crosslinked during periods of
starvation, consequently reducing salt solubility as noted in the
present study.

Scanning Zlectron Microscopy
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Following removal of salt soluble protein in 0.6 M NaCl, the in-
soluble material  Figure 1B! was visualized using scanning electron
microscopy  SEM!. Collagen fibres isolated from fresh tissue were
distinct and smooth. After frozen storage, material appeared to be
deposited/associated with the fibres resulting in a loss of the dis-
tinctly fibrous appearance  Figure 5!. One explanation for this could
be the migration of water soluble sarcoplasmic proteins to the surface
of the cell wall as a result of freezing/frozen storage. Ice crystal
damage to the sarcoplasmic membrane may result in "leakage" of these
proteins and subsequent deposition on the cell surface. Following



Figure 2. Scanning eLectron micrographs of myofihrils
prepared from  A! fresh and  B! frozen cod muscle.
Markers 100 aa.
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Figure 3 ~ Scanning electron micrographs of cell surface
ultrastructure from  A! fresh and  8! frozen cod
muscle. Markers 3..0/m.
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Figure 4. Scanning electron micrographs of frozen
cod muscle cells  A! control,  8! incubated with
collagenase. Mar.'-ers lcm.
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acid solubilization  Fig 1C!, thickened fibres were still apparent in
the residue of the frozen sample  Fig 6!.

Table 2. Protein solubility of fresh and frozen cod tissue using a
sequential solubilization procedure.*

~Radon s|mnExtraction

Medium C A B

97.5 87.8

1.85 5.32

0.52 6.12

0.91 0 ' 75

salt

acid

pepsin
insoluble

*Protein solubility in each extraction medium
shown as a percentage of total protein in all
steps.
A � fresh cod, landed February
B � fresh cod, landed August
C - irozen cod, landed August

Table 3 ~ Solubility of fresh and frozen cod collagen using a
sequential solubilization procedure.*

Extraction

Medium
~Radon s iud

A B A B C

54.27 35.80

41.03 39.0

4.51 24.8

0.20 0.36

*Collagen solubility in each extraction medium
shown as a percentage of total collagen recovered
in all steps.
A � fresh cod, landed March
B - fresh cod, landed August
C � frozen cod, landed August

SDS-PAGE

Collagen bands stained with Coomassie blue R-250 appeared as r'ed
bands on the gels. All other proteins stained blue. Micko and
Schlaepfer �973! noted the metachromasy, characteristic of collagen
and McCormick et al. �979! reported that all bands staining red were
sensitive to collagenase.

Electrophoresis of salt soluble protein recovered from isolated
myocommata, with adhering cellular protein, resulted in banding
patterns which were similar to those of muscle fibres from which the
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salt
acid

pepsin
insoluble

97.9

1.54
0.47

0.079

88.3

1.34

10.11

0.22

92.46

3.47

3.74

0.06

65. 77

5.32

28.8

0.06

83.7

14 ' 7

1.54

0.070

31.03

55.60

13.09

0.27

81.8

17.0

1.14

0.086

80.7

14.2

4.70

0.41



Figure 6. Scanning electron micrographs of acid
insoluble myocommata from  A! fresh and  B! frozen cod
tissue. Markers 1.0~.
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myocosesata had been removed  Figure 7A!. After frozen storage, a high
molecular protein was present in both samples and appeared as a band
barely entering the gel  Figure 7B!.

SDS-PAGE of the salt insoluble frozen myotomal/endomysial and
myocommatal tissues revealed an increase in high molecular weight
 HMW! non-collagenous proteins and loss of intermediate �0-200 kdal!
molecular weight species after frozen storage  Figure 8!. Myocommatal
tissue also contained unique intermediate molecular weight species
after frozen storage. Two possibilities exist to account for these
high and intermediate molecular weight salt insoluble proteins: �!
covaLent interactions among non-collagenous proteins; or �! interac-
tion of collagen and myofibrillar or sarcoplasmic proteins resulting
in high molecular weight complexes which are unable to induce meta-
chromasy.

Type I collagen appears as one or two dimers and two monomers
with calcuLated molecular weights of 200,000 and 96,000, respectively
 Miller and Gay, 1982!. Purified acid soluble endomysial collagen ex-
hibited this banding pattern and no difference between the fresh and
frozen samples were apparent. This implies no covalent changes occur
.in collagen which remains soluble in acid after frozen storage  Figure
9!.

Acetic acid extracted a range of collagenous poIypetides from the
myocommata  Figure 10!. Several peptides with molecuLar weights less
than the typical monomers appeared in both fresh and frozen samples as
well as HMW collagen dimers and trimers. After frozen storage, these
HMW complexes are not depolymerized with lengthy exposure to acidic
conditions thus appearing more stable than similar polymers in the
fresh samples. This suggests that the effect of frozen storage on
myocommataL acid soluble collagen is crosslink production or stabili-
zation.

The effect of frozen storage on non-collagenous acid soluble pro-
tein of the endomysium and myocossnata shows an increased proportion of
HMW protein. An example of this is shown in Figure 11 displaying
densitometer scans of acid soluble endomysial protein from fresh and
frozen tissue. No HMW protein, including myosin, was present in the
fresh sample in contrast with the frozen sampLe which is 27Z HMW pro-
tain  greater than 150,000 daltons!. These complexes are stable in
the presense of SDS, urea, and mercaptoethanol  MK! suggesting cova-
lent protein aggregation has occurred during frozen storage. The salt
insoluble protein banding pattern is different than that of acid solu-
ble protein. The presence of unique intermediate molecular weight
 IMW! protein after acid extraction suggests that acid labile bonds
are responsible for some of the HMW protein aggregates of the salt in-
soluble tissue  data not shown!.

SDS-PAGE of the frozen, acid insoluble myocommata displayed high
and Low molecular weight  L8V! proteins which were not present in the
fresh sample  Figure 12!. This would imply association of high and

43



Figure 7. Densitometer scans of SDS
electrophoretic gels of salt soluble
myotomal protein from  A! fresh and
 B! frozen cod myotc, s.

Figure 8. Densitometer scans ef SDS
electrophoretic gels of salt insoluble
myotomal protein from  A! fresh and  B!
frozen cod tissue,= Fig. lb! .



Figure 9. Densitometer scan of an SDS
electrophoretic gel from acid soluble fresh
endomysial protein. Red staining collagen
bands are indicated by arrows.

Figure lO. Densitometer scan of an SDS
electrophoretic gel from acid soluble fresh
myocommatal protein. Red staining bands
are indicated by arrows.
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Figure ll. Densitometer scans of SDS
electrophoretic gels. Acid soluble
endomysial protein from  A! frozen and
 B! fresh tissue  Fig. 1f! . Arrow repre-
sents 150,000 dalton'

Figure 12. Densitometer scans of SDS
electrophoretic gels. Acid insoluble
myocommata  Fig. lc!,  A! fresh  B! frozen.
Red staining collagen bands are indicated
by arrows.



low molecular weight protein with the collagen matrix and that these
interactions are resistant to breakdown in acid.

Pepsin released monomers and dimers as well as many lower molec-
ular weight peptides from the myocommata. Unlike the endomysium, myo-
coamatal pepsin soluble collagen is not influenced by the presence of
a disulfide reducing agent.

The banding pattern of the frozen pepsin soluble myocommatal pro-
tein is qualitatively similar to that of the fresh. Hovever, the pro-
portion of LMW collagenous peptides in the frozen sample is far
greater  Figure 14!. These peptides are not the result of pepsin
activity on native collagen, being less significant in the fresh
sample. This implies cleavage of intact collagen peptides is altered
by frozen storage.

Purification of the pepsin soluble extracts of both tissues by
salt precipitation, resulted in a significant loss of hydroxyproline
in the salt supernate. A greater percentage of collagen extracted
from the frozen samples did not precipitate  Table 4!. A greater
quantity of non-precipitable co1.1agen in the frozen sample suggests
increased pepsin sensitivity after frozen storage, resulting in small
collagen peptides.

Table 4. Pepsin soluble collagen remaining in the salt supernate as a
percentage of pepsin soluble collagen.

Fresh Frozen

98.9

98.9

69.1

82.4
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Pepsin treatment of acid insoluble tissue, from both the myo-
commata and endomysium, fresh and frozen, resulted in many collagen
peptides ranging in molecular weight from 230,000 to 17,000 suggesting
collagen cleavage by pepsin. Fresh and frozen, pepsin soluble endomy-
sium revealed 3 major collagen components in addition to the two
monomers observed in the acid soluble fraction. These additional com-
ponents, designated x and y and the dimers 5x, y  MW 190,000!, suggest
that an additional collagen type exists within the endomysium  Figure
13A!. Several HMW bands appear in the fresh pepsin soluble sample in
the presence of a disulfide reducing agent and appear as an HMW pro-
tein band barely entering the gel in the absence of MR  Figure 13B!.
In the frozen pepsin soluble sample, a dimer is associated by di-
sulfide bonding as evidenced by reduction with MR  Figure 13C and D! ~
This suggests breakdown during frozen storage or extraction of the HMW
complexes resulting in lover MW crosslinked complexes which migrate as
dimers �00 kdal.!.



Figure l3. Densitometer scans of SDS
electrophoretic gels of pepsin soluble
endomysial protein.  A!fresh tissue, with
ME;  B! fresh tissue, without MZ;  C! frozen
tissue, with ME;  D!frozen tissue without
NE. All bands stained red.
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Figure 14. Densitometer scans of SDS
electrophoretic gels of pepsin soluble
myocommatal protein  A! fresh,  B! frozen.

Figure 15. Densitometer scans of SDS
electrophoretic gels of pepsin insoluble
 Pig. ld! endomysial material  A! fresh
 B! frozen � peak "S" .is composed of

bands indicated by arrows.



The electrophoretic pattern of the pepsin insoluble residue
 Figure ID! from the fresh endomysium, showed a similar banding pat-
tern to pepsin soluble collagen  Figure 15!. Frozen endomysium dis-
played the same banding pattern as the fresh with the addition of sev-
eral major HMW bands �70,000 to 300,000 daltons! representing 25K of
the protein on the gel. These additional high molecular weight
species appear as a result of crosslinking during frozen storage, or
an increased stability of naturally occurring crosslinks.

Insoluble residue from fresh and frozen myocoszaata did not appear
different and was composed oi a range of collagenous proteins with Iow
molecular weights to trimers.

CONCLUSIONS

Collagen in the endomysium and myocosmata of Atlantic cod is pri-
marily salt soluble. Acid and pepsin soluble collagen is also present
in smaller amounts, indicating the presence of acid labile and acid
stable crosslinks, respectively. Pepsin sensitivity within the colla-
gen chains is evident. Polymerized peptides remaining after pepsin
extraction appear on SDS gels as minor components implying extensively
crosslinked collagen.

A series of LMW collagen peptides exist within the myocommata
suggesting the presence of more than one type of collagen within this
structure. The endomysium also revealed the presence of more than a
single .type of collagen. Endomysial collagen' was different from the
myocoszaata and exhibited disulfide bonding.

Insoluble collagen of the endomysium displays HMW complexes after
frozen storage and HMW complexes of acid soluble myocommata become
more stable. Salt soluble collagen decreased as a result of frozen
storage. Crosslink production or stabilization during frozen storage
is implied by these results. Pepsin sensitivity is increased as a re-
sult of frozen storage. Evidence for this includes the presence of a
covalently bonded dimer in pepsin soluble endomysial collagen as well
as an increase in the proportion of LMW collagenous proteins in pepsin
digests of. myocomaata recovered from frozen muscle. Also, the portion
of pepsin digested myocommata and endomysium which is not precipitated
by salt increases if prepared from frozen fish, indicating increased
levels of LMW collagen peptides.

Electron micrographs demonstrated thickened collagen fibres from
frozen stored cod suggesting the possibility that associated material
may prevent solubilization of cellular proteins by acting as a barrier
to solvent entry. These changes are likely reflected in toughening of
sarcolemma, reduced protein extractability and are probably the basis
for Love's cell fragility test. Further research using several time
and temperature storage periods is necessary to determine the quanti-
tative relationship to sensory evaluation of toughness.
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IN VITRO LIPID OXIDATION OF SARCOPLASMIC RETICULUM

BY IN SITU CONCENTRATIONS OF Fe AND Cu

Eric AD Decker and Herbert Q. Hultin

Massachusetts Agricultural Experiment Station
Department of Food Science and Nutrition

Marine Foods Laboratory
University of Massachusetts

Gloucester, Massachusetts 01930, U.S.A.

INTRODUCTION

Lipid oxidation is a major pathway of chemical deterioration in
frozen fish muscle which leads to decreased quality. An enzyme found
in winter flounder  Pseudo leuronectes americanus! is an active
catalyst of lipid oxidation at temperatures as low as -20 C  Apgar and
Hultin, 1982! ~ This enzymic system, which is located in the sarco-
plasmic reticulum  Borhan et al., 1984!, catalyzes lipid oxidation in
the presence of iron and NADH and is stimulated by the presence of ADP
 McDonald and Hultin, 1987!. The ability of copper to interact with
this enzyme system is not well understood.

Halliwell and Gutteridge �986! have suggested that a low molecu-
lar weight pool of soluble iron chelates are capable of stimulating
lipid oxidation in vivo. Thirty percent of the iron of winter flounder
is found in the water-soluble  press juice! fraction  Kramer, 1987! ~
Addition of the soluble metals with a molecular weight less than .10,000
daltons as the sole source of metal to a model system con<aining 0.1 mM
ADP and 0.5 mg sarcoplasmic reticular  SR! protein resulted in stimula-
tion of lipid oxidation after 6 days  Kramer, 1987!.

The purpose of this paper was to determine the soluble and low
molecular weight  LMW! Fe and Cu concentrations of winter flounder and
Atlantic mackerel  Scromber scrombrus! muscle and to determine if these
concentrations of Fe and Cu could promote lipid oxidation. Varying
concentrations of NADH and ADP were also tested to see their effects on
SR-catalyzed lipid oxidation at in situ Fe and Cu concentrations.

MATERIALS AND METHODS

Winter flounder and Atlantic mackerel were obtained from fish
processors in Gloucester, Massachusetts. The fish were immediately
iced and used within 24 hr. Mackerel were frozen by placing whole in a
-80 C freezer and thawed by p1,acing under running tap water. Nicotin-
amide adenine dinucleotide, reduced  NADH! and adenosine-5 -diphosphate
 ADP! were obtained from Boehringer Mannheim Biochemicals. Baker
Instra-analyzed nitric acid and Gold-label magnesium nitrate used for
metal determinations were purchased from 3 AT. Baker. All other



chemicals were reagent grade. All glassware used in metal determina-
tions were acid washed.

Sarcop1.asmic reticulum was isolated from flounder muscle using the
method of Borhan et al. �984! except that the minced tissue was homo-
genized three times at 30 s intervals, the resulting homogenate was
adjusted to pH 7.3, the ratio of supernatant:45X sucrose:20X sucrose
used for the discontinuous sucrose gradient was 50:9:3 and the gradient
was centrifuged for 60 min. SR protein was determined using the Lowry
procedure as modified by Markwell et el ~ �978!.

A "press juice" representing the soluble components of flounder
muscle was prepared by centifuging coarsely cut up tissue at 15,000 rpm
in a type 19 rotor �2,000 x g! for 15 hr in a Beckman L5-65B prepara-
tive ultracentrifuge at 5 C. The LMW fraction of the press juice was
isolated by ultrafiltration using an Amicon Stirred Cell Nodel 52. The
filtrate was collected until the press juice volume was reduced by one
half. YM series membranes with molecular weight cutoffs  MWCO! of
10,000, 5,000 and 1,000 were used to isolate the LMW fraction. The LNW
fraction �0,000 MWCO! of aged flounder muscle was isolated after stor-
ing the fillets on ice for 6 days.

Iron and copper concentrations of the press juice and the LMW
fractions were performed on a Perkin-Elmer 3030B Atomic Absorption
Spectrophotometer with a HGA-400 Graphite Furnace accessory. Iron con-
centrations were determined at 248.3 nm with a slit width of 0.2 nm.
Pretreatment temperature was 1400 C with a ramp time of 5 s and a hold
time of 20 s. Atomization temperature was 2400 C for 4- s with the gas
flow shut off. All samples for iron determination contained 0.5 mgX
magnesium nitrate. Copper contents were analyzed at 324.8 nm with a
slit width of 0.7 nm, a pretreatment temperature of 1200 C with a ramp
time of 5 s, a hold time of 20 s and an atomization temperature of
2300 C for 4 s with stop flow. Both iron and copper samples contained
0.2X nitric acid.

SR-catalyzed lipid oxidation in a model system was measured by
determining the production of thiobarbaric acid-reactive substances as
described by NcDonald and Hu1.tin �987!. The model system contained
0.5 mg SR protein in 5 mN histidine, 0.12 N KC1 buffer, pH 6.8 with
varying concentrations of metals, ADF and NADH. All reactions were run
for 20 h at 6 C in triplicate unless otherwise indicated.

RESULTS AND DISCUSSION

Iron concentrations of the press juice and LMW fractions from
flounder and mackerel are listed in Table 1. Flounder and mackerel
white muscle had very similar levels of iron in the press juice and the
LMW fraction. Approximately IOX percent of this water-soluble iron was
found to have a molecular weight of 1,000 daltons or less. Storing



Table 1. Tron concentrations  ppb! of the water-soluble
fractions of mackerel and flounder muscle.

Flounder Muscle
Fresh A edMuscle Fraction

Press Juice
<10,000 daltons
<5,000 daltons
<1 000 daltons

347

33
43

48

33

Mackerel White Muscle
Fresh Frozen  -80 C!

400 718

38 54

49 37
42 36

Press Juice

<10,000 daltons
<5,000 daltons
<1 000 daltons

Mackerel Red Muscle
Fresh Frozen  -80 C!0

2356 2244

206

Press Juice

<10,000 daltons

Fillets stored an ice for 6 days.

Table 2 shows the copper concentration of press juice and the LMW
fractions of flounder and mackerel muscle. The LMW copper in flounder
muscle was found in 2 fractions. Approximently 60X of the copper was
between 1,000 and 10,000 daltons and the remaining 40X was less than
1,000 daltons. These 2 fractions represented approximately 37X of the
total soluble copper. Storing flounder fillets on ice for 6 d did not
change the copper concentration in the press juice or the LNW fraction.
The total soluble copper concentration of mackerel white muscle was
very similar to flounder muscle. The LNW copper of mackerel white
muscle had,a molecular weight of less than 1,000 daltons and represent-
ed approximently 40X of the total soluble copper. Freezing the
mackerel resulted in an increase in the copper concentration of the
press juice. The soluble copper concentration of the mackerel red
muscle was approximately 3 times as high as in flounder and mackerel
white muscle. The concentration of LNW copper in red muscle was
similar to the concentrations found in white muscle and flounder, but
this only represented about 10X of the total soluble copper. Although
copper tends to be found in lower concentrations than iron in fish
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flounder muscle on ice for 6 d did not cause any changes in the iron
content of the press juice or the LMW fraction. Freezing the mackerel
muscle resulted in an increase in the iron concentration of the press
juice. Mackerel red muscle had approximately 6 times as much iron in
the press juice and about 4 times as much iron in the LMW fraction as
flounder and mackerel white muscle. The LNW iron of the red muscle
also represented about 10X of the total soluble iron. Freezing had
very little effect on the total soluble iron of the mackerel red muscle.



Table 2. Copper concentrations  ppb! of the water-soluble
fractions of mackerel and flounder muscle.

Flounder Muscle

Fresh A edMuscle Fraction
Press Juice

<10,000 daltons
<5,000 daltons
<1 000 daltons

98
34
37

15

36

Mackerel White Muscle
Fresh Frozen  -80 C!

178
54
43
44

109
44
49

39

Press Juice

<10,000 daltons
<5,000 daltons
<1 000 daltons

Mackerel Red Muscle
Fresh Frozen  -80 C!

0

394
44

368Press Juice

<10,000 daltons

Fillets stored on ice for 6 days.

Fig. 1 shows the oxidation of the SR membrane by the concentra-
tions of copper and iron found in the LMW fraction of flounder and
mackerel muscle. Iron was a more powerful catalyst than copper at all
concentrations. At the concentrations found in the LMW fraction of

flounder and mackerel white muscle  approximately 40 ppb! there is not
much difference between the activity of copper and iron, but at the
concentration of iron found in red muscle �00 ppb! approximently 4
times as much oxidation occurred. This suggests that the concentra-
tions of copper and iron found in the LMW fractions of fish muscle are
capable of promoting lipid oxidation.

Fig. 2 shows the production of thiobarbituric-reactive substances
 TBARS! over a 27 h period by 0.79 uM copper and iron. Iron stimulated
SR-catalyzed lipid oxidation more than copper at all times examined. A
lag phase occurred for 16-20 hrs for both iron and copper. This is
much different than a model system containing 15 uM iron in which sub-
stantial oxidation occurred within 30 min  Hultin et al., 1982!.

Catalysis of lipid oxidation by iron �.36 uM or 20 ppb! and
copper �.79 uM or 50 ppb! in the absence of ADP with varying NADH con-
centrations is shown in fig. 3. Maximum lipid oxidation occurred at
50 uM NADH for both copper and iron. The observed NADH optimum was
lower than previously observed for the model system  McDonald and
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muscle  Gordon and Martin, 1982! its concentration in the LMW fractions
is similar to iron suggesting that it could play an important role in
SR-catalyzed lipid oxidation.
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Hultin, 1987!. The conditions for the two experiments differed in iron
concentration �.36 uM vs. 150 uM!, assay time �0 h vs. 30 rain! and by
the presence of a NADH regeneration system in these experiments, but an
optimal NADH concentration existed for lipid oxidation in both cases. At
the optimal concentration of NADH the iron activity was much higher than
the copper activity, but as the NADH concentration was increased or de-
creased the difference between the two activities decreased. This

suggests that at NADH concentrations other than optimal, copper could
have an important role in SR-catalyzed lipid oxidation.

The effect of ADP concentrations on copper- and iron-cataLyzed
enzymic lipid oxidation is shown in fig. 4 ~ Maximal activity was ob-
served at an ADP concentration approximately equal to the metal
concentration �.36 uM Fe or 0 ' 79 uM Cu!. This agrees with other ob-
servations in our laboratory where optimal enzymic lipid oxidation
occurred when iron:ADP concentrations were 1:1  Frickson, 1987!. Iron
was a more powerful catalyst than copper at the optimal ADP concentra-
tion and it remained more effective at all ADP concentrations examined.
Iron-catalyzed SR oxidation fluctuated more with varying ADP concentra-
tions than copper-catalyzed lipid oxidation suggesting that ADP is more
important in iron-catalyzed enzymic lipid oxidation. ADP could be stim-
ulating the Fe-catalyzed lipid oxidation by maintaining the ferric ion
in a soluble, mobile state. This again suggests that copper could be
an important catalyst of SR-stimulated lipid oxidation when in situ ADP
concentrations are not optimal..

Table 3 shows the stimulation of SR-catalyzed lipid oxidation
using the LMW fractions of flounder and mackerel muscle as the sole
source of iron and copper. Very little oxidation occurred in the
presence of the LMW fractions. Only the LMW fraction of mackerel red
muscle catalyzed any substantial oxidation in 5 days' The lack of
activity could be due to the presence of antioxidants in the LMW frac-
tions or it could be due to the chelation of the metals to compounds
which prevent metal-enzyme interactions or change the oxidation-
reduction potential of the metals.

Table 3. Lipid oxidation of flounder SR in the presence of low
molecular wei ht fraction of flounder and mackerel.

nmol TBARS m SR rotein
Metal Source 1 da 5 da s
Flounder LMWF

�0 ppb Fe; 20 ppb Cu!
Mackerel LMWF  white muscle!

�0 ppb Fe; 30 ppb Cu!
Mackerel LMWF  dark muscle!

�20 ppb Fe; 30 ppb Cu!
20 ppb FeCl3
50 ppb CuS04
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The iron and copper concentrations found in the low molecular
weight water-soluble fraction of winter flounder and mackerel white
muscle muscle were very similar. At this concentration �0 ppb! iron
produced slightly higher levels of TBARS than copper. Mackerel red
muscle contained approximately 4 times as much LMW iron but had about
the same concentration of LMW copper as flounder and mackerel white
muscle. The concentration of iron found in the LMW fraction of red
muscle was a much more effective catalyst of SR-stimulated lipid oxida-
tion than the concentrations found in flounder and mackerel white muscle.

Lipid oxidation catalyzed by both copper and iron showed optimal
concentrations of NADH and ADP, but iron was more strongly inhibited
than copper when NADH and ADP were not at optimal levels. This sug-
gests that even though iron is a more powerful catalyst than copper
under optimal conditions, copper could be an important contributor to
in situ lipid oxidation.
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EFFECT OF C02-02 MODIFIED ATMOSPHERE WITH PRESSURIZATION ON THE
KEEPING QUALITY OF COD FILLETS AT 2'C

F AM. Bartlett and E.G. Bligh
Canadian Institute of Fisheries Technology

Technical University of Nova Scotia
P. O. Box 1000

Halifax, Nova Scotia
B3J 2X4

INTRODUCTION

The highly perishable nature of fresh fish is well known. The
primary cause of spoilage of unfrozen lean fish is the growth and met-
abolic activities of bacteria. The most common spoilage bacteria of
fish, and other fresh muscle foods, are gram-negative, aerobic psy-
chrotrophs, especially Eseudomonas ~s .  Ogrydziak and Brown, 1982!.
Such bacteria are capable of causing deterioration of fish with the
production of obnoxious odours and off flavours, during refrigerated
storage.

Recently there has been increased interest by the fishing indus-
try in modified atmosphere  M.A.! packaging using a carbon dioxide
 C02!-enriched environment to extend the shelf life of refrigerated
fresh fish. Carbon dioxide gas is a relatively safe and effective
bacteriostatic agent which has been used for the preservation of fresh
meats, poultry and produce since the 1930's  Baker et al., 1986;
Wolfe, 1980!. A number of studies have reported that a CO2-enriched
atmosphere can have a beneficial effect on the shelf life of various
seafoods. Barnett et al. �982! found that Pacific salmon stored in
an atmosphere containing 90'X C02 were still acceptable up to 21 days
at O'C. Rock cod fillets in 80I C02 had lower levels of ammonia and
trimethylamine  TMA!, as well as lower bacterial numbers, in compari-
son to samples stored in air  Mokhele et al., 1983; Brown et al.,
1980!. Cod  Cann et al., 1983!, haddock  Stansby and Griffiths,
1935!, swordfish  Lannelongue et al., 1982!, turbot  Gauthier et al.,
1986!, shrimp  Layrisse and Matches, 1984! and crab  Parkin and Brown,
1983! have also been reported to have improved keeping quality �0-
200K! under C02-enriched storage conditions.

A previous study by our lab  Woyewoda et al., 1984! was unable to
show such a significant improvement in the shelf life extension of cod
fillets using modified atmosphere storage. Inadequate exposure of the
fillets to the gas mixture may have been a factor. In this study we
attempted to maximize the surface area of the fillets exposed to the
gas mixture by placing them on support pads. In addition, an initial
pressurization treatment was evaluated in an attempt to accelerate the
uptake of C02 by the fish flesh.
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MATERIALS AND METHODS

Fresh Atlantic cod  Gadus morhua! fillets were purchased from a
local fish plant the day after catching. They were packed in 10 lb
polyethylene containers surrounded with ice and immediately transport-
ed to the laboratory  < I h!. Upon arrival, each fillet was trimmed
to a weight of approximately 200 g, washed under cold, running tap wa-
ter and drained.

Modified Atmos here

The fresh fillets � per bag! were placed on a porous nylon pad
�4 x 15 x 0.5 cm! and put in a cryovac barrier bag �0 x 24 cm; 3 mil
polyethylene/1 mil nylon with oxygen transmission rate � 88 cc/24 h/
100 in2/mil thickness at 25 C, 50Z RH; carbon dioxide transmission
rate 549 cc/24 h/100 in /mil thickness at 25'C, 50Z RH!. Each pack-
age was evacuated and sealed with vacuum sealer, back flushed with a
60Z C02R20Z 02:20Z N2 gas mixture, inflated and resealed. Half of the
MA packaged fillets were subjected to a pressurization treatment,
while the inflated bags ware packed in ice, using a retort to facili-
tate maximum absorption of the gas mixture by' the fillets. The fillets
were pressurized at 45 p.s.i. above normal atmospheric pressure  total
4 atmospheres! for 1 h. Control fillets were similarly packaged in
barrier bags except that they were filled with air and not pressuri-
zed.

All of the bags were stored at 2al C until assessed for quality
at 0, 2, 5, 7, 9, 12 and 15 days.

Microbiolo ical Anal ses

A single bag from each treatment was selected at random each sam-
pling day. Thirty gram samples were excised aseptically from each of
three fillets per bag, diluted in sterile 0.1Z peptone with 0.5Z NaCI
 w/v! and stomached for I min in a model BA 6021 Stomacher  A. J.
Seaward; Edmunds, England!. Serial dilutions were prepared and plated
in duplicate on Plate Count Agar  Difco, Detriot, MI! with 0.5Z NaCI
to enumerate total aerobes, anaerobes and psychrotrophs. Lactic acid
bacteria were enumerated on MRS agar  Difco! with 0.5Z NaCI.

All plates were incubated at 21'C. for 72 h except for the psych-
rotroph plates which were held at 7 C for 10 days. The anaerobe
plates were incubated in Gaspak anaerobic jars  BBL; Cockeyville, MD!.

Trimeth lamina Anal sis

Fifty gram samples were removed from each of three fillets per
treatment and extracted wiht 7.5Z trichloroacetic acid  TCA! and anal-
yzed for trimethylamine according to the method of Dyer �945!.

Surface H Determination

Surface pH measurement of the fillets were obtained using an
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Orion surface pH electrode and Acument pH meter. pH values were ob-
tained for at least two sites on each side of the fillets.

Dri Measurement

The volume of fluid released upon storage of the fillets was
mess~red by pouring the liquid into a graduated cylinder as each bag
was opened. Drip was expressed as a percentage of the initial weight
of the filletd'.

Raw alit Gradin

Raw fillets were judged for overall' acceptability by four expert
graders on each sampling day according to the following scheme:

1. excellent

2. highly acceptable
3. low acceptability
4. reject

Taste Panels

An informal taste panel evaluation of the fillets was carried out
by four expert graders. On each sampling day, two fillets from each
pack were removed, wrapped in plastic film, placed in 1 lb cardboard
packages and stored at -30'C until evaluated  approximately one week
after the 15th day!. For each session the fillets were thawed, wrap-
ped in aluminum foil and baked at 230'C for 15 min. Each panelist re-
ceived four samples, along with a fresh reference sample  R!. The
reference samples were untreated fillets frozen at -30 C on day 0 of
the study. The panelists were asked to compare the samples to the
reference on the basis of flavour and overall acceptability.

RESULTS AND DISCUSSION

Those fillets stored in the presence of the C02-enriched modified
atmosphere  MA/MAP! were found to have significantly lower total aero-
bic plate counts  TAPC! than the controls packaged in air  Fig. 1!.
The TAPC of the controls exceeded 10~ colony forming units per gram
 cfu/g! after 5 days at 2'C, while the MA/MAP stored fillets required
15 days to reach this level. The TAPC for the pressurized and non-
pressurized MA stored fillets were not statistically different which
suggests that the pressurization treatme'nt did not enhance the bacter-
iostatic effect of the C02 gas.

The psychrotroph counts  results not shown! were similar to the
TAPC for each group of samples indicating that those counts obtained
at the mesophilic temperature were representative of the numbers of
bacteria capable of growth during the storage of the fish at 2'C.

The major safety concern with the use of modified atmosphere pac-
kaging is the potential it has for creating conditions favourable for
anaerobic bacteria. The growth and toxin production of Clostridium
botulinum is of particular concern  Hintlian and Hotchkiss, 1986!.
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FIG. l. Total aerobic bacterial counts on cod fillets at 2 C. ~ , Nodified
atmosphere with pressurization  NAP!; g , modified atmosphere  NA!;
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FIG. 2. Anaerobic bacterial counts on cod fillets at 2 C. ~, Nodified
a mosphere with pressurization  NAp! g mod'f' ~ t h  mo i ied atmosphere  NA!;

air control  AC! .



The results for the anaerobic bacterial counts showed that those fil-
lets stored in the presence of 60X CO2:20X 02:20X N2  MA/MA! had lower
counts than the control fillets on each sampling day  Fig. 2!. The
reduction of anaerobic counts was probably a result of the bacterio-
static effect of C02 and the relatively high concentration of 02 �0X!
which was used.

A number of studies of meat, poultry and fish stored under modi-
fied atmosphere conditions have noted a shift in the microflora from
primarily gram-negative bacteria to a the predominance of a gram-posi-
tive flora, especially' lactic acid bacteria  Lannelongue et al., 1982;
Enfors et al., 1979; Sanders and Soo, 1978!. The lactic acid bacteri-
al  LAB! counts were generally found to be lower for the fillets pack-
aged in the CO2-enriched environment than the controls  Fig. 3!. How-
ever, the LAB counts of the MA/MAP fillets increased steadily after 5
days and their numbers at 9 days   10 cfu/g! was at the same level as
their total aerobic counts at 9 days. These results indicate that the
microbial flora of the MA/MAP samples had indeed shifted towards a
predominance of LAB during the latter part of the storage period.
Conditions which are selective for the growth of LAB can be beneficial
since members of this group are capable of inhibiting the growth of
other types of bacteria which contribute to spoilage  Roth and Clark,
1975!. It has been suggested that high numbers of LAB contribute to
the beneficial effect of C02 on the shelf life of meat and seafood.

Chemical analysis of fish quality consisted of the measurement of
trimethylamine  TMA! production. TMA is a bacterial breakdown product
of trimethylamine oxide  TMAO!. Based on an unacceptability level of
15 mg TMA-N/100 g  Voyewoda et al., 1984! the control fillets were
considered spoiled at day 9 while the MA/MAP fillets took at least 15
days to reach this level  Fig. 4! ~

One of the theories concerning the mechanism by which CO2 inhib-
its bacterial growth, is the formation of a weak organic acid  carbon-
ic acid! on the surface of the flesh which lowers the substrate pH
 Stathan, 1984!. This was not found to be the case in this study.
Measurement of the surface pH failed to show any dramatic decrease in
pH which might account for the bacterial inhibition by C02  Fig. 5!.
This is probably a result of the high buffering capacity of the fish
flesh.

Storage of fish muscle in high concentrations of CO2 has been
reported to cause excessive drip  Fey and Regenstein, 1982; Villemure
at al., 1986!. Fish stored in the presence of 60X CO2 did have higher
drip losses, particularly on day 12 and 15, than the controls  Fig.
6!. However, at no time during this study did the drip exceed 5 per-
cent of the total weight, and would not be considered excessive.

The raw quality grading  overall acceptability! was consistent
with the TMA values. The control fillets were judged to be spoiled
after 9 days, while the MA/MAP fillets were acceptable up to and in-
cluding day' 15  Fig. 7!. The taste panel assessments  data not shown!
of the samples were also in agreement with the raw grading scores and
TMA values.
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FIG ~ 4 Trimethylamine production in cod fillets at 2 C. ~, Nodified atmos-0

phere with pressurization  MAP!; g, modified atmosphere  MA!;
air control  AC!.
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FXG. 5. Surface pH values of cod fillets at 2 C. ~ , Modified atmosphere with0

pressurization  MAP!; g, modified atmosphere  NA!; y, air control  AC!
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FIG. 6. Drip production as percentage of initial weight of cod fillets at 2 C.
~, Modified atmosphere with pressurization  NAP!; p, modified atmosphere
 NA!; y, air control  AC! .
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CONCLUSIONS

The M.A. of 60X CO2:20X 02: 20X N2 was effective at reducing tot-
al aerobic bacterial counts.

The M.A. did not appear to enhance the growth of anaerobic bac-
teria.

2.

Lactic acid bacteria appear to predominate in M.A. packaged fil-
lets.

3.

Trimethylamine production was inhibited by the M.A.4 ~

M.A. did not cause a significant decrease in surface pH of fil-
lets or result in excessive drip ~

Sensory evaluation generally confirmed the beneficial effect of
the M.A. as indicated by reduced bacterial counts and TMA produc-
tion.

6.

There was no significant difference between pressurized and non-
pressurized M.A. packaged fillets.

7.
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Gloucester, MA 01930

INTRODUCTION

The National Marine Fisheries Service NMFS!, and the National
Institutes of Health NIH! have entered into a joint research venture
which is anticipated to span the next decades The agreement assures
researchers, who are studying the therapeutic value of fish oils, a
source of fish oils and fish oil concentrates produced and quality
controlled/quality assured by the NMFS Charleston SC Laboratory. The
NMFS laboratories at Gloucester, MA and Seattle, WA were tasked to find
a method for the production of highly purified fractions of the two
ma]or fatty acids of interest to the medical community, eicosapentaenoic
acid EPA! and docosahexaenoic acid DHA! ~ This paper offers some
considerations for the separation of the ethyl esters of these and three
other fatty acids at !90X purity using reverse phase high performance
liquid chromatography.

RESULTS AND DISCUSSION

The stationary phase of choice for the separation of fatty acid
eaters is a hydrocarbon C18! bonded to a solid support  Scholfield,
1975, Wille et al, 1987, Tokiwa, 1981, Bascetta et al, 1984!. Columns
prepacked with this packing are available through several suppliers.
Columns 1 and 2  Table 1! are examples of the columns obtained from two
different suppliers. Columns with small pore size solid support, such
as Column 1 with 8 micron pore size, have greater resolution and higher
purity of eluted fractions than columns with larger pore sizes such as
Column 2 with 20-30 micron pore size. Purities are given as percent of
the total fatty acids as determined by capillary GLC analyses.
Therefore, impurities in the fractions are other fatty acids.

Solvent choice depends on desired purity and end use of the eluted
fractions Ethanol and water are the solvent system chosen for this
research, because they are food grade materials. This is a
consideration for an end product which might be consumed by humans. The
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Table 1. Purity of eluted EPA/DHA fractions from a feedstock of
57X EPA/31X DHA using different solvent systems on
an analytical column.

XEPA/XDHASolvent

Column 1

8p
Column 2

25@

99/89
97/87

THF/NeOH/H20
EtOH/H20

99/95
98/92

The greater the concentration of EPA, and DHA in the feedstock, the
higher the purity of the elured EPA and DHA  Table 2!. We are working
with a feedstock which has been highly concentrated in EPA and DHA by
urea fractionation at the Charleston Laboratory and contains almost 50X
EPA and 25X DHA. When using a feedstock furnished by the Seattle
Laboratory, which has been cycled through their super -critical C02
system and is 79X EPA or 79X DHA, purities of close to 100X can be
recavered.

Table 2 ~ Purity of eluted EPA/DHA using THF:methanol:water as the
solvent system on an analytical column with differing
purity of feedstock.

XEPA /XDHA
Feedstock Kluant

32/19
57/31

79X EPA
79X DHA

99/82
99/89

99.9X EPA
96X DHA

75

solvents require no special handling or waste disposal measures and do
not oxidize. If, however, none of these considerations is of impart to
a particular application, tetrahydrofuran THF!, methanol, and water will
yield higher purity fractions of EPA and DHA  Table 1! ~ THF is
potentially explosive and requires special OSHA considerations for its
safe handling and waste disposal, is toxic, as is methanol, and oxidlzes
readily, which is undesirable when in contact with fish oil which is
prone to rapid oxidation-



If purity is of. paramount importance, peak slicing is
recommended. The back sides of the eluted peaks yield the highest
purity. This is definitely the case with DHA  Figure lb!.

Time

i so min.

Figure l. HPLC separation of fish oil concentrate �8X/24X, EPA/DHA!
using ethanol:water on a.! analytical columnn, b.!
preparative column, and c.! production column.
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The first portion of the eluant can be discarded in favor of the higher
purity eluant at the end of the separation. Yields are sacrificed to
purity in this mode of collection. Yields of about 70X are the norm
when collecting the entire peak.

The column size and loading will depend on production
requirements. Five fatty acids have been successfully separated on
analytical, preparative, and production scale columns  Figure 1!.
Production requirements for the analytical scale are 20mg of fish oil at
a flow rate of 3ml/min with a run time of 25 min. On a preparative
column, 10 grams can be loaded at a flow rate of 50ml/min with a run
time of 65 min. On a large column, 60g were successfully separated at
250ml/min. with a run time of 180 min.

This report is intended as an overview of the possibilities for
HPLC in the production of high purity fractions of EPA and DHA. Capital
equipment costs for fully automated sample injection and fraction
collection systems range from $28K to $120K. There are obviously a wide
range of options, including the imaginative deployment of multiple small
systems, to achieve desired production goals.
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purification of fatty acid methyl esters by high pressure liquid
chromatography. Lipids, 19�0!:801 -803.
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HEALTH MESSAGES ABOUT SEAFOOD

Joyce A. Nettleton
Nutrition Consultant, P.O. Box 39, Arlington Heights, HA 02175

INTRODUCTION

Enthusiasm about the health benefits associated with consuming omega-3
fatty acids from seafoods has generated media attention, marketing
flamboyance and new product development, especially fish oil concentrates
�-7!. Processors and retailers, usually hesitant to tout health benefits
of foods are finding health a handy hook for promoting seafood  B!.
Nutrition has never had it so good  9!. Nutrition information and health
messages are currently flourishing in a sea of regulatory leniency and
public confusion. Yet, in spite of or perhaps because of the hype, where
there is still mass misunderstanding of basic nutrition issues, as
fundamental as total fat intake for example, seafood is enjoying
unprecedented publicity and vigorous demand. It is the latest "health
f ood" �0!.

By and large, consumers seldom select foods primarily for their health
benefits. Quality and convenience consistently outrank nutrition as
reasons for a purchase decision. Yet new awareness of the fact that
eating seafood is good for you, wider availability of fresh seafood and
improved seafood retailing are all contributing to an increased demand for
seafood in supermarkets and restaurants. Presumably, bold health claims
are also strengthening the demand for seafood products and supplements
�1!.

OBSERVATIONS

Health Claims: Health claims are an important aspect of communicating
nutrition and health information. The permissive climate surrounding
health claims for foods follows the much ballyhooed Kellogg's bran cereal
campaign �2!. With the endorsement of the National Cancer Institute,
which has no jurisdiction over food labels, nutrition or health claims,
Kellogg's advertised its bran cereal as an aid to deterring some forms of
cancer. Although many dispute the quality of the data suggesting a
protective effect of dietary fiber against certain cancers, this widely
publicized advertising with its attendant controversy had at least three
effects. First, it focussed attention on the possible benefits of wise
food choices. In a sense, it made the gravel road between food and health
a paved pathway. Second, it undermined the authority of the FDA to
regulate health claims by sidestepping the usual approval procedures and
involving another federal agency, The National Cancer Institute. Third.
The Kellogg controversy hastened the publication of proposed regulations
for health messages on food labels.
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In August, the FDA proposed regulations which set forth criteria for
evaluating health claims and information on food labels and point-of-
purchase materials �3!. This proposal recognizes the need for greater
dissemination of health and nutrition information pertaining to food.

Advertising Messages: Advertising is a key factor in product marketing.
Advertising and labeling communicate image and information about a
product. Product attributes may be conveyed indirectly by association or
directly with statements or comparative data. Statements about health
benefits and nutritive value are frequently misleading or untrue. Take
the example of this ad �4!. Often what is unsaid is as important as what
is stated. Some statements capitolize on consumer confusion or ignorance.
For example, the claim that a product is made using only vegetable oil
belies the fact that the oil may be highly saturated or constitutes more
than fifty percent of the energy value of the food.

While the nutritional merits of unprocessed seafood obviate the need for
advertising subterfuge, nevertheless, seafood advertising shares the
troubles of other product categories when it comes to nutrition confusion.
Sometimes the facts are wrong, as in the previous example. Sometimes the
issue is misunderstood �5!. And sometimes freedom of expression just
tells half the story �6!.

Marketing Magic: Marketing magic is another facet of health messages. An
oft repeated bit of folklore regarding omega-3s is that they are present
in cold water fish  8, 1/!. This wi~dom presumably comes from
romanticizing the Eskimo environment or marketing Arctic fish. The fact
is. all fish and shellfish have some omega-3s. Some have more than others
and some have higher proportions than others even if when the total fatty
acid content is fairly low. A person wishing to choose fish for their
abundance of omega-3s however, will find the greatest amounts in the
oiliest fish, no matter whether the fish lives in marine or fresh water or
both, as illustrated by tuna, rainbow trout and salmon.

The relationship between total fat content and omega-3 fatty acid content
is illustrated in these scatter diagrams of finfish from the Northern
Hemisphere and the Southern Hemisphere �8, 19!.

Experts! Authority figures and experts, like everyone else, make mistakes
�0!. Quotes are taken out of context; source material may be out-of-
date: and inappropriate extrapolations or conclusions may be drawn �1! ~
And if you' re not careful, the fish gets thrown in with the veal �0! ~
Understandably, consumers are conf used.

Wishful Thinking and the Application of Imaginary Data: There is
currently a good deal o'f wishful thinking about omega-3s which is aided by
the application of imaginary data. The publicity being given to fish oil
supplements is an ideal case in point �, 16!. Its advertising is
misleading, the citation of data selective and biased, and it substitutes
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wish for information. In their rush to cash in on the good news generated
by the Eskimo studies and other clinical data, fish oil promoters have
decided we do not have to to wait for controlled studies. They are
satisfied with results from clinical trials on small numbers of subjects.
They have no qualms extrapolating from epidemiological data, some of it
very weak. to giving advice to individuals for the management of blood
cholesterol.

Fish oil supplements are marketed mainly on the assumption that taking them
will lower a person's cholesterol level �6!. In some individuals it
may. In others however, fish oil supplements may have no effect on blood
lipids and in still others they may actually be accompanied by an increase
in cholesterol levels. You do not hear about these possibilities from the
fish oil f loggers. And we have very little information about the long term
effects of fish oil in diets as rich in total fat as ours.

The sellers of fish oil supplements have also eschewed the need to define
a safe and effective dose. Can everyone benefit'? Are benefits available
only with high doses as some studies suggest? Is long term consumption
safe in the presence of other medications especially anti-coagulants and
aspirin'? Let's face it. caution doesn't sell.

As promising as omega-3 fatty acid research appears. worrisome safety
issues have not been resolved. Processing techniques exist to remove
virtually all nasty chemicals that may be present in fish oils. especially
those from fish liver, but different brands vary in the amount of
undesirable residues that may be present. They also differ in how they
have been refined. Here is what FDA has found �2, 23!.

These data make it clear that the assumption of adequate refining may not
be justified. The problem with many nasty residues and contaminants is
that just as fish do, we store them in our liver. Amounts that seem
vanishingly small on an individual dose basis, may accumulate with long
term supplement use. Presently. a purchaser of fish oil preparations has
no way of knowing whether or not he is enriching his own contaminant
reserves.

The FDA studies have also shown that label information is inadequate in
other ways. In nearly all samples analyzed the amount of EPA and DHA was
demonstrably below the level stated on the label, in some instances as
much as one third below. It would appear that regulatory standards and
careful monitoring are in order.

Guilt by Association: Mhen facts are missing, perhaps a little fear will
do the trick. Call it guilt by association. Fear generated by
unsubstantiated claims about the safety of our seafood supply undermine
consumer confidence as surely as reassuring nonsense about nutritional or
health value. The difference is that the falsity works in different
directions.
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Last June. The Coast Alliance, a non-profit public interest group, issued
a report with a press release that began:

"The almost unmonitored and unchecked polluting of New England' s
coastal waters poses a serious threat to the nation's fish eaters and
� ultimately- the sea itself and the life that inhabits it" �4!.

This alarming statement achieved its purpose: the attraction of media
attention with press articles and media interviews. The issue quickly and
quietly died- But how many people turned away from seafood. all seafood~
Just when people are re-thinking their red meat consumption they are being
frightened about the safety of the fish supply.

Let me emphasize that I decry as loudly as anyone the use of any waterways
as sewers and I recognize the potential threat to health of these
extremely nasty substances but we have very little evidence to suggest
that eating fish will make you ill. In fact. the evidence is just the
opposite.

'What is objectionable about this sensationalism is that there is no
evidence that people in America are getting ill from the chemicals
unfortunately being dumped into our waterways. We may be living on
borrowed time, no doubt. but there is a quantum leap between chemicals in
the waters and illness from eating cooked fish muscle.

Unquestionably people get ill; very ill, from eating seafoods harvested
from contaminated waters. But the contaminants that we know make

people sick come from raw sewage. Without doubt, the seafood preparation
guaranteed to do the trick is eating such seafood raw. But that is a far
cry from a "serious threat to the nation's fish eaters."

SUMMARY AND CONCLUSIONS

In summary. people are becoming aware of the benefits of eating sefood.
thanks in part to health claims, advertising, journalism, and retailing
activities. All these endeavors can benefit From awareness of facts,
including what we know and don'0 know; refusal to endorse or commission
mythology and wishful thinking. and the avoidance of sensationalism
masquerading as truth.

What to Dos To protect against false claims and misleading or fraudulent
advertising, we as health professionals must ensure that the seafood
business has:
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1. a clear understanding of the nutrition issues being addressed

2. an understanding of the complexities underlying both health and
marketing issues

3. the facts

Where data do not exist. the seafood industry can support efforts to
commission the appropriate research. They must resist the temptation to
invent the facts they seek or wish.

Lest I leave you with the impression that all seafood and health messages
are fraudulent or misleading, here are some examples that have avoided the
pitfalls mentioned above.

l. Responsible !ournalism �S, 26!;
2. Facts �7, 28!:
3. Health by association �9!:
4. Appropriate use of experts.

After all, the data support the health claim implied in the bumper sticker
from the Massachusetts Division of Harine Fisheries: "Is health your
wish'P Rat more fish."
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NOMENCLATURE AXD LABELIXG OF FISHERY PRODUCTS
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This paper will describe the nomenclature problems that ind~stry,
government and consumers have in properly identifying fishery products in
national and international trade. It also will discuss the steps taken
by the Rational Marine Fisheries Service <XMFS!, the Food and Drug
Administration <FDA!, and the Rational Fisheries Institute <%PI! to
address the nomenclature problem.

PROBLEM IDEMTIFICATIOX

The lack of standardized market name nomenclature in the interstate
marketing system has created confusion at all levels of the market strata
from processor to the ultimate consumer. The confusion is caused by
several reasons. The main reason is the variation in common market names
used for a given species from different areas or regions of the countrv.
Another problem arises when industry markets a less commercially known
species using an existing well-established market name of a more
desirable fish which has a higher value in the market, Still another
problem is created when, in some instances, state regulatory authorities
have authorized the use of a well-established market name <applied and
recognized to a species from another state or region! to be applied to a
species from a totally different family or genera harvested and marketed
in their state,

When such products enter interstate comerce, they are considered
mislabeled by FDA and subject to seizure and legal action as misbranded
products. Purther, the lack of standardized market names creates
confusion in the orderly worldwide marketing of United States produced
and processed seafood.

PDA POLICY AjtD PROCEDURES FOR DETERMINING ACCEPTABLE COMMON OR USUAL
MANES FOR FISHERY PRODUCTS

Current provisions of the Pederal Pood, Drug and Cosmetic Act and the
Fair Packaging and Labeling Act offer guidelines as to the names by
which fishery products or other foods may be designated. The Act
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require the label to bear a statement of the identity of the food by its
common or usual name and prohibits labeling which is false or misleading
in any particular. Where there are no established common or usual names
in the United States, the label must bear an appropriately descriptive
term informativeLy revealing the identity and nature of the food,
FDA considers the question of what constitutes "the common or usual
name" or "an appropriate descriptive term" for a food as a name or term
in general usage and readily understood by the ordinary individual or
consumer in the United States. Often the common name associated with
its systematic biological classification or the common market name
applied to the species in the country of origin, for an imported fish,
is helpful in determining what does constitute an appropriately
descriptive non-misleading name. Neither the common name applied by
ichthyologists nor the common name used in another country may be used,
however, if it conflicts with the common or usual name used by consumers
for another species in the United States or if it is in any way
misleading to United States consumers.

In qpnsidering whether or not a designation may be misleading, FDA looks
to the courts for clarification and guidance as well as to the Act and
its regulations. The comments of the Supreme Court of the United States,
June 2, 1924, provide such cLarification and guidance. The Court
said,"... The Statute is plain and direct. Its comprehensive terms
condemn every statement, design, and. device which may mislead or
deceive. Deception may result from the use of statements not
technically false or which may be literally true. The aim of the
statute is to prevent that resulting from indirection and ambiguity, as
well as from statements which are false. It is not difficult to choose
statements, designs, and devices which will not deceive, Those which
are ambiguous and liable to mislead should be read favorably to the
accomplishment of the act..."

FDA in considering the question of what constitutes an appropriate label
designation for a seafood, must determine appropriateness based on the
basic facts in each instance. Actually determining an acceptable name
where none previously exists is not easy. It is much easier, however,
than the problems encountered when FDA is called upon to settle a
controversy concerning the name to be used throughout the United States
when the same fish is known by a different name in different parts of
the country.

Another problem arises when people wish to market a Less well known or
less commercially acceptable fish under the name of a more desirable
fish. Vhen called upon to settle controversies or when asked for
guidance in developing acceptable names for seafood, FDA looks to
several areas for resource material. The main resource for nomenclature
of fish found in this country is currently the 4th editfog <1988! of
Common and Scientific Names of Fishes from the United States and Canada,
published by the American Fisheries Society. Should the fish not be
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indigenous to lorth America, or if it is some other type of seafood,
recognized experts such as those at the Smithsonian Institution in
Washington, D.C. or the Rational Marine Fisheries Service may be
contacted.

Also, the FDA refers back to previous correspoadeace relatiag to the
specific issue ia which a precedence has been established for a
particular species.

Vhea workiag with controversial problems, it would be desirable to have
an established standardized market name for every type of fishery
product. However, since this luxury is not yet available, each issue
must be decided on a case by case basis on its owa merit. To illustrate
this yoiat, FDA often receives requests to label fish other than
Lut anus cam chanus as "Red Snayper," The name "Red Snapper," however,
has been preempted by many years of consistent consumer usage as meaning
only the fish Lut anus c echaaus. Because of the high esteem ia which
this fish is held by consumers and the relatively limited catch,
numerous attempts have been made to substitute other less exyeasive fish
for this syecies. Substituted, less desirable species have included
other members of the family Lutjaaidae, groupers, and a number of Vest
Coast roohffsh of the genus ~gehast s. The gest Coast rochftsh have,
until recently, been distributed locally and thus have been beyond the
reach of the Federal Pood, Drug and Cosmetic Act ~ Some of the states on
the Pacific coast have officially sanctioned. "Pacific Red Snapyer" or
"Pacific Snappers" as an alternative name for such members of Sebastes
genus. These fish are quite different from Lut anus cam echanus  Red
Snapper! in appearance, flavor and texture, and. are generally regarded
as inferior by consumers familiar with Lut anus cam chanus. The
current policy of FDA is that the labeling or sale of any fish other
than Lut anus cam echanus as "Red Snapper" constitutes a misbranding in
violation of the Federal Food, Drug aad Cosmetic Act. Further, labeliag
of rockfish as "Pacific Red Snapper" is acceptable only in those Vest
Coast states which have sanctioned that term,

Economic deceytion is aot the only problem connected with misaamed
seafood. Sometimes issues of public health are very much involved,
As reported in the FDA Consumer  July-August 1982 issue> ia l982, the
Health Department of Ulster County, XY, reported to FDA a double mystery
when it asked the agency to assist ia an apyarent incident of food
poisoniag. The first questioa: Vhy did two men become ill shortly after
eating a fish dinner at a restaurant'? The answer: The two were
suffering from scombroid poisoning, a severe gastric illness resulting
from eating fish containiag high quantities of the comyound histamine,
After the diagnosis, the Health Department placed the large lot of fish
still remaining at the premises of the dealer who had supplied the
restaurant under embargo. Aa analysis of the fish from the restaurant
and the dealer showed the presence of histamine, with the sample from
the restaurant containing the highest amount. The second question thea
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arose: Vhy did the fish shown on the menu as "Red Snapper," an ocean
delicacy, have high levels of histamine, unusual for this kind of' fish'?
The answer: It was not "Red Snapper," but Nahi-Nahi in a fish taken off
the Pacific coast of South America. Nahi-Nahi is so predictably high in
toxic histamine that FDA samples and examines each lot imported into the
United States or automatically detains it upon entry.

The FDA found that the fish mislabeled "Red Snapper" had been shipped
from Ecuador and, processed in Panama. Had the fish been labeled
Nahi-Nahi, it would never have made it ashore since FDA has an automatic
detention for Nahi-Nahi from Bcuador.

Vhile consumer usage has given a narrow meaning to some common fish
names, other names have come to identify more than one species. An
example is the term "Sardine," Commercially the name "Sardine" has come
to signify almost any small, canned clupeoid fish, To avoid confusion,
FDA recommends that all "Sardines" bear labels showing the place where
produced and the nature of the ingredients used in preserving and
flavoring the product. Thus, a small fish of the clupeoid family, caught
upon or near the shores of Norway and packed in oil, or smoked and packed
in oil, is properly labeled with the phrase Norwegian Sardines in Oil,"
or Norwegian Smoked Sardines in Oil" with the type of oil being
designated. It also is suggested that the particular fish to which the
term sardine is to be applied should be placed upon the label, for
example, "Pilchard," "Herring," etc. Also, not all fish of the family
Clupeidae are entitled to be called "Sardines," Nany members of this
family have well established identities of their own, i.e, Scotch
herring, Polish herring, Alewives or River herring, and others. FDA
would regard the labeling of these other fish as "Sardines" as
misbranding and in violation of the Federal Food, Drug and Cosmetic Act.

In addition to its regulations, FDA also issues policy statements to
provide and identify appropriate designations for seafood, These policy
statements are issued as official "Compliance Policy Guides and Import
Alerts," To date they have been issued to cover caviar, crabmeat, common
or usual names of crustaceans, capelin versus smelt and red snapper.

A number of seafood items are also covered by standards of identity,
or common or usual name regulations. Standards of Identity exist for
various styles of pack of oysters, salmon, shrimp and tuna. Common or
usual name regulations have been established for Pacific whiting,
bonito, crabmeat, Greenland turbot and several other seafood items.

Vhen interested parties wish to receive an opinion from FDA as to an
acceptable name to use for a seafood item <or any other food item under
FDA jurisdiction!, they may ask for an informal opinion. Generally this
only involves correspondence between the party and either one of the FDA
field offices or the Division of Regulatory Guidance in the Center for
Food Safety and Applied Kutrition  formerly the Bureau of Foods!, A
more formal response may be requested in the form of an advisory opinion
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which will carry the designation of official ageacy policy, Anyone may
file a citizen's petition to establish a new regulation such as a
Standard of Identity. More likely in the case of seafood names, a
petition may be filed to propose or amend an existing regulation for a
common or usual name. Often there is a difference of opinion about the
appropriate commoa or usual name of a food. Por example, a new
engineered seafood, such as imitation crab, may not have a common aame,
or a species of seafood which has aot previously been offered as food in
this couatry may not have an English name, !n such cases, PDA welcomes
suggestions for appropriate common or usual names. These suggestions
would most likely be ia the form of a citizen's petition, The names
suggested should be descriptive of the food and aot be misleading or
deceptive. The names should represent the new food rather than be
suggestive of the name of aaother already accepted food,

NATIONAL MARINE FISHERIES SERVICE POLICIES AND PROCEDURES FOR
DETERMINING COMMON OR USUAL NAMES POR FISHERY PRODUCTS.

Currently individuals or firms caa request guidance from the NXFS ia
establishing an acceptable or preferred common name for a species
described by its scientific name. After the request is made, the NMFS
will check to see if the species is listed ia the American Fisheries
Society's "List of Commoa aad Scientific Names for Fishes from the United
States and Caaada," or in FDA's precedeace letter files. If the species
is not listed in these sources, the iMPS will work with PDA's Division
of Regulatory Guidance to determine an acceptable common or usual name
aad/or market name for the species,

To date, NMFS policy has been to eacourage'the industry to voluntarily
comply with all federal and state laws and regulations as they relate to
properly labeled fishery products, In an effort to aid the industry to
comply with such laws ia the most equitable manner, the agency continues
to develop closer working relationships with FDA in all areas of food
safety and labeling,

THE NATIONAL IDENTIFICATION AND LABELING PROGRAM PLAN POR PISH AND
FISHERY PRODUCTS

The increasing demand for both foreign and domestic fishery products
will only continue to aggravate an already existing nomeaclature
problem. For example, at the consumer level, where acceptance of fishery
products is of major importance, fishery product labeling can be
confusing and sometimes misleading, Furthermore, the majority of
consumers will not be likely to spend the time to inform themselves about
the increasing number of species now available ia the retail market
place,

!n view of these current and certainly inevitable future difficulties,
the Natioaal Marine Fisheries Service  NMFS!, the National Fisheries
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Institute  IFI!, and the Food and Drug Administration  FDA! have
undertaken a comyrehensive project that will aid in resolving future
nomenclature problems. The primary objective of this project is to
develop aa imyroved nomenclature system and standardize market names for
fishery products.

The final result of the project will be to implement an improved seafood
products identification program which should yield two important
benefits:

�! A plan designed to build consumer familiarity and
acceptance of seafood products which will promote
seafood consumptioa, and

�! a plan which will provide a comyrehensive identity and
labeling framework which will yrovide the tools needed for
voluntary compliance by both industry and government,

The national program on seafood product ideatification has the following
components:

I. HPS, FDA and USDA Study Grouy � Coordination aad Regulatory Task:

Through an established Interagency Study Group at the agency's
headquarters levels, review aad propose resolutioas to complex
seafood labeling issues for consensus decision making by XXPS,
FDA and United States Deyartment of Agriculture  USDA! policy
makers.

There is no specific budget for the study group and the issues
to be addressed will be those provided from various sources as
identified.

RfFS Contact Person: James R. Brooker
National Marine Fisheries Service
1825 Connecticut Aveaue, K.V.
Vashington, DC 28235

II. Official List of FDA/NFS Approved Market Names for Fishes
Development Project:

Develop, publish, distribute aad maiatain a list of acceytable
market names of food fish syecies for use by government, industry
and consumers,

CURREfT STATUS:

Vork on the list is almost completed and is scheduled for release as
a joint FDA/INFS Interim Guideline in the Federal Register early
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1988 as a notice of availability for use aad comment by all
interested parties. It is proposed at this time to be available for
public comment and use for a period of six months.

Contact Persons: Donald R. Maher, INFS Project Leader, Eatioaal
Seafood Inspection Laboratory Pascagoula, NS

Mary Snyder, FDA Project Leader, Divisioa
of Regulatory Guidance, Center for Food
Safety and Applied Nutrition, Vashington, DC

Mibility Data Bank � Research Project:

Test the major U.S. food species aad establish edibility profiles
for each species. Publish the profiles for industry and consumer
use aad publish the protocol and test methods as the formal
methodology for determining the edibility characteristics of
species. The edibility profiling of species is carried out at the
RFS technology laboratories in Gloucester, MA, Charleston, SC, and
Seattle, VA,

CURRKfT STATUS:

Work has been completed on about 188 species, and others are being
completed as species are identified and made available for testing.

Contact Person: John Vekell, Project Coordinator, Seattle
Laboratory, Seattle, VA

Universal Product Code for Seafood � Development Project:

Develop and implement a staadard nomenclature aad numbering system
for random weight fish aad fishery products sold at retail for
inclusion ia the Universal Product Code System.

The project is being executed uader a multi-year  PY86, 87 aad 88!
S-K Grant NA 85AAHSK145, by iFI's I'ational Fisheries Education aad
Research Foundation.

CURRHT STATUS:

Vork on schedule with coatract requirements.

Principal Investigator: Robert Collette, XFI, Vashingtoa, DC

Technical Moaitor; James R, Brooker, IMFS, Washington, DC

As part of this program the project leaders for the "Official List of
FDA/USDC Approved Market Names for Fishes" have provided the Foundation
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a draft list for food fish containing some 1888 commercial food fish, of
world wide distribution, which are marketed in the United States.

COXCLUSIOX

The National Marine Fisheries Service considers that the successful
completion of all phases of the Ifational Identification and Labeling
Program Plan for Fish and Fishery products will �! provide a system
containing the framework and tools necessary for increasing consumer
awareness and wider usage of fish and fishery products, �! will provide
both industry and government with a tool for orderly marketing through
standardized market names and eliminate conflicts between government
regulatory agencies and industry in interstate commerce, �! will
provide a mechanism for authorizing and approving market names for fish
and fishery products traded in national and international commerce and
�!,most importantly, the program will provide the ultimate consumer
with properly identified products in the retail market.

While the competitive nature of the food. industry will continue to
produce nomenclature problems, the successful completion and publication
of the "National Identification and Labeling Manual for Fish and Fisherv
Products" should provide both government and industry with the tools
required to resolve these problems.
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APPENDIX 1

PRINCIPLES DEVELOPED AND USED BY FDA AND K%FS 15 SELECTING ACCEPTABLE
CO� ON MARKET NAMES

The principles developed by the NMFS and FDA ia selecting common aad
market names for each species are listed ia order of priority as
follows:

1, The list shall be a compeadia of existiag scientific, common aad
market names for food fish, shellfish and fishery products only.
Common and scientific names shall aot be originated for this
list,

2, The "American Fisheries Society's  AFS! List of Common and
Scientific Names of Fishes and Aquatic Invertebrates from
the United States and Canada" shall be the primary authority
for scientific and common names of fishes aad shellfish. Ia
the absence of an AFS assigned. scientific and common name other
authorities will be used in the followiag priority of use:

o FAO Species Catalogues aad/or Species
Identification Sheets.

o Source country primary authority for scientific and
common names of fishes,

3. The Food aad Drug Administration and the NMFS jointly shall be
the authority for the market names of fish aad fishery products.

4. The National Oceanographic Data Center shall be the authority
for the twelve �2! digit Taxonomic Code assigned to each
species.

5, Market names shall reflect broad, current, and appropriate usage
of vernacular nomenclature in the labeling of food fish,
shellfish and fishery products that will add to stability and
the universality of names applied to food fish and fishery
products,

6. Market names are established for  a! individual species, and
 b! species grouped together that are recognized in trade and
commerce, and by consumers as having similarities, such as
edibility characteristics, that make them indistinguishable
from each other as products for human food purposes.
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V. k market name representing multiple species will apply oaly at
scientifically discrete levels of taxonomic classification,
however, it may also comprise multiple species classified in two
or more families aad/or genera.

8. Individual species within a family or genus for which a market
name has beea established may be identified more precisely by
the addition of a "modifier" to the market name when conditions
or unique characteristics warrant more precise identification
of the product. Reasons and conditions for more precise
identification follow:

o Prior  grandfather! labeliag regulations,

o Demonstratively significant characteristics  for food
purposes! which distinguish one species ia commerce
from other closely  taxoaomically! related species.

9. Species for which there are no acceptable aad assigned commoa
names in the English language will bear the market name ia use
for other taxonomically similar species until such time as a
more precise market name is assigaed. Reasons aad conditions
detailed in Item 7 shall prevail in assigning more precise
market names.

18. Fish and fishery products iateaded for use as food may bear
either the assigned market name or the complete common name of
the species on the label.
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THE GOLDEN CRAB  GERYON FENNERI! FISHERY OF SOUTHEAST FLORIDA

Robert B. Erdman and Norman J. Blake

Department of Marine Science
University of South Florida

St. Petersburg, FL 33701

INTRODUCTION

The golden crab, ~Ge ron fenneri  Manning and Holthuis, 1984! is a
large brachyuran inhabiting the continental slope off the southeast
United States including the eastern Gulf of Mexico. Prior to its
description in 1984, studies in the eastern Gulf of Mexico by Otwell,
Bellairs and Sweat �984! examined the potential development of a trap
fishery for this species in depths exceeding 210 meters' Various trap
designs were tested along with methods of on-board handling and
processing  Sweat and Otwell, 1983!; Bellairs and Otwell, 1983!.
Particularly attractive was the reported high meat yield of male crabs,
ranging from 17 to 23 percent of total body weight.

Interest in the commercial exploitation of golden crab led to three
vessels  two from Alaska and one from New England! initiating a fishery
along the west coast of Florida during late 1984. Male crabs were
butchered, cooked and blast frozen at sea. The final product of
clusters. cocktail claws and split legs were delivered frozen to the
market. However, because of marketing problems, compounded by distances
in excess of 100 miles to the fishing grounds, gear loss and the absence
of information on the distribution and biology of this species,
commercial operations in the eastern Gulf of Mexico ceased by mid-1985.

In late 1985, continued interest in the commercial potential for G.
fenneri led to the initiation of exploratory fishing and research in
Bermuda  Luckhurst, 1986!, South Carolina  Wenner and Ulrich, 1986!,
Georgia  D. Harrington, personal communication! and Florida.
Additionally, in late 1985 a small commercial fishery developed along
the southeast Florida coast with the catch delivered live to a local

market in Ft. Lauderdale, Florida.

In February 1986, se began a study of the bfology of ~Ger on fennerf
as collected from this southeast Florida fishery. Reproductive biology,
size and weight relationships. trap design and catch per unit effort
were examined to ascertain additional information relative to the study
of this potentially valuable species.

METHODS

Gear previously utilized by the eastern Gulf of Mexico golden crab
fishery consisted of deep water long lines of between 30 and 60 traps
attached to a ground line connected via a float line to large floats and
radar reflectors on the surface  Otwell, Bellairs and Sweat, 1984!.
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This method requires the capability to retrieve upwards of one mile of
line from depths in excess of 250 meters. Trap designs have included
Dungeness crab pots, King crab traps, New England and Florida lobster
traps and plastic Fathoms Plus trays  Otwell, Bellairs and Sweat, 1984;
Weaner aad Ulrich, 1986!. Three or four trap lines were fished with
soak times averagiag 24 hours between set and retrieval.

Because of the close proximity to shore  less thea 10 miles! of
water depths in excess of 200 meters, the small fishery that has
developed ia southeast Florida employs a differeat strategy in
harvesting golden crab. Four to six large traps are attached
approximately 140 to 180 meters apart to a grouad line which is fitted
with concrete weights on each ead. The large traps called Neilsen
traps, measure approximately 6' x 3' x 3' and are made from steel round
stock covered with 2".x 2" nylon stretch mesh  Figure 1!. Traps are
fitted with 5" diameter escape riage and a large side door providing
access to the center bait well and easy removal of the catch. Four to
six strings of traps may be fished, with each string reset immediately
after it is pulled.

As the present fishing grounds are ad!scent to commercial shipping
lanes aad affected by variable currents associated with the Gulf Stream,
trap lines are deployed without a surface float system. Loran
coordinates are recorded during deployment along with bottom profiles
and relative position using shoreline landmarks. Soak time varies from
three to six days depending on market demaad. This allows the fishermen
to pursue other commercial opportunities. Trap recovery involves
grappling for the ground line, with the vessel moving from offshore to
onshore and the grapnel dragged perpendicular to the ground liae.

Samples were collected monthly during the period February 1986
through Jaauary 1987 from fishing depths ranging from 215 to 230 meters.
Total numbers of crabs caught per trip were recorded in three
categories: females, market size males in excess of 130 mm carapace
width  CW!, and small males less than 130 mm CW. Crabs were randomly
selected from the catch, packed in crushed ice and returned live to the
laboratory.

For each crab, carapace width  CW, the distance between the fifth
lateral spine tips! and carapace length  CL, midline distance from the
diastema between the rostral teeth to the posterior carapace edge! were
recorded to the nearest millimeter. Weight was recorded to the nearest
gram and missing appendages noted. The presence of eggs in pleopods
were noted and moLt stages were estimated according to a modification of

G. maritae; see Manning and Holthuis, 1981!. Weight-width relationships
of animals in the intermolt stage aad with no appendages missing were
calculated using a log-log transformation expressed in the form 7 aX
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RESULTS

Throughout the study period, the catch of male crabs greatly
outnumbered females. Size frequency distributions of 508 males and 347
females examined  Figure 2! indicates a unimodal distribution for each
sex, with no suggestion of distinct year classes. Males are
considerably larger than females, with overlap between the largest
females and smallest males. Carapace vidth of males ranged from 111 to
190 mm with a mean of 158 mm, vhereas females ranged from 89 to 156 mm
with a mean of 123 mm. Animals less than 89 mm CW vere not collected,
possibly due to bias from trap design and the use of escape rings. The
narrow range of fishing depths also precluded the collection of
information on segregation of sex and size with depth as has been
reported for other ~Ge ron species  Byers and Wilke, 1980; Intes and Le
Loueff, 1976; Haefner, 1978!.

Monthly size frequency distribution of female crabs is shown in
Figure 3. The incidence of ovigerous females collected throughout the
study period indicates an annual reproductive cycle with a single brood
of eggs produced each year. Oviposition begins in late August and
continues through early October. Eggs are carried for six months until
larvae hatch during late March and early April of the following spring.
Eggs are dark purple following deposition, gradually becoming dark brown
prior to hatching. Size range of ovigerous females examined ranged from
96 to 147 mm CW.

Figure 4 shows the monthly size frequency distribution of male
crabs. Monthly mean carapace widths ranged bet~san 152 and 162 mm;
however, the incidence of smaller males decreased beginning in July
1986. This decrease in small males coincided with the fitting of all
traps with 5" diameter escape rings. Although data collected precluded
statistical analysis, it was apparent from the overall catch of both
sexes that fewer females and small males were present in traps fitted
with escape rings.

Weight frequency distributions of 262 males and 136 non-ovigerous
females is shown in Figure 5. Weight of male crabs, ranging from 230 to
1930 g with a mean weight of 1116 g 'and greatly exceeded that of
females. Mean weight of females was 449 g, ranging from 207 to 880 g.
Although weights of both sexes show a unimodal distribution, the greater
incidence of females in a narrower range of weight classes is due ta the
great increase in mass associated with developing ovarian stages. The
largest male examined was 190 mm CW and weighed 1930 g while the largest
non-ovigerous female was 156 mm CW and weighed 800 g.

Weight on carapace width relationships were calculated separately
from each sex, the relationship for 262 males illustrated in Figure 6,
is described by WT ~ 5.27 x 10 >  CW3 ~ 328!. The relationship for 136
females is WT 5.599 x 10 4  CW2 812! as shown in Figure 7.
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Figure 3. Monthly size frequency distributions of female
Gereon fenneri including number of individuals and mean
carapace width. Ovigerous females are shaded.
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DISCUSSION

Ger~on fenneri is considerably larger than G. maritae and G.

fennari attain a maximum size in exoese of 190 mm CW end weight up to
2000 g, interest in nozzseroial utilization is warranted. At present,
the small fishezy for this species is unregulated. with no closed
season, quota or minimum size limits on harvestable animals. In the
southeastern Florida fishery, only males greater than 130 mm CW are
utilized, and all females and small males returned to the water.
Considering the annual reproductive pattezn of females and the slow
growth associated with organisms of large size from this deep water
environment, the voluntary practice of selective harvest is undoubtedly
of benefit in protecting the potential longevity of this fishery.

The strategy employed by the golden crab fishermen of southeast
Florida has proven successful in providing a sufficient amount of
product to local markets. The use un-buoyed trap lines with few large
traps and long soak times has resulted in the development of a small
scale local fishery, with fishermen able to pursue other commercial
opportunities rather than fish crab exclusively. The close proximity of
the fishing grounds to shore permits delivery of live product thus
eliminating on-board processing and storage. This in turn reduces the
cost per trip on the basis of fuel, labor and processing equipment.
Live product is also more attractive to the consumer, who is able to
purchase whole live crab oz freshly butchered and cooked clusters rather
than pre-cooked, frozen crab.

The full commercial potential of this species will remain unknown
until such biological data as population density, reproduction patterns
and geographical distribution, which are still under study, are
collected and fully analyzed. Additionally, future research should
continue to address gear development, trap design and the use of escape
rings. Although the small southeast Florida fishery has been relatively
successful, the longevity and potential expansion of the fishery for
this valuable species remains unknown and over-capitalization by
fishermen wishing to enter this fishery should be discouraged.
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DEVELOPMENT OF A SWIMMING CRAB

FISHERY IN ECUADOR

Kathleen M. Castro and Joseph T. DeAlteris

Department of Fisheries, Animal 6 Veterinary Science
International Center for Marine Resource Development

University of Rhode Island
Kingston, R.I. 02881

INTRODUCTION

During the last decade, Ecuador's fisheries have been
dominated by the explosive growth of the shrimp farming
industry. In 1983, Ecuador became the world's leading producer
of farmed shrimp with an estimated 36,600 mt, production  Sonu,
1985!. However, this increase in shrimp production has been
accompanied by several depressions in the trend caused by
environmental changes and technological problems. Since shrimp
is Ecuador's leading non-petroleum export commodity this
decrease has caused considerable concern and promoted the
development of hatchery operations, as well as a search for
alternative fisheries.

In 1986, a project was initiated by the University of Rhode
Island  URI! with their Ecuadorean counterpart, Escuela Superior
Politecnica del Litoral  ESPOL! to investigate the potential for
the development of a fishery for underutilized species of
swimming crabs. Based on previous field observations and
conversations with commercial and artisanal fishermen, it
appeared that swimming crabs were a non-utilized by-catch of the
shrimp trawlers and artisanal fishermen. No information on the
identification, life history, abundance and distribution of
these crabs was available in Ecuador, nor were these crustaceans
considered in previous investigations for the development of
alternative fisheries of underutilized species  FAO, 1978; Moran
and Lopez, 1984; U.S.Dept. of Commerce, 1982.!

Callinectes sa. idus, a member of the Portunidae family or
better known as the blue crab, is the basis for the third
largest fishery of the United States which in 1985, produced
more than 83,200 mt of hard crab with a landed value of 60
million dollars  Vondruska, 1986!. Demand exceeds the supply of
domestic crab meat and USA processors have supplemented their
supply with imported crab meat from Brazil, Venezuela and Mexico
 W.F.Conley, personal communication!.
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PHASE I

conduct a preliminary resource survey of coastal and
estuarine waters,
study the abundance a distribution of swimming crabs
in Guayas Estuary,
determine the catchability of the swimming crabs in
the Guayas Estuary using a variety of fishing gear.

 a!

 b!

 c!

PHASE II

 a! develop processing technology
 b! investigate potential markets for the product

Phase I is nearing the end of its first year of
investigation, preliminary results are summarized in the
sequel. Phase II initiation is dependent on the results of
Phase I.

MATERIALS AND METHODS

Ecuador extends 950 kms along the western coast of South
America between the latitudes of 1 00'N to 3 20'S  McPadden,
1985! . The configuration of the coastline is irregular,
terminating in the Guayas Estuary and the Gulf of Guayaquil
 Figure 1!, the largest estuarine system on the Pacific coast of
South America  Murray, 1975!. The ocean is defined as
sub-tropical with water temperatures exceeding 25 C and salt
content below 33.5 ppt. The climate, however, is considered
tropical and is divided into two distinct seasons. The wet
season is characterized by heavy rainfall and extends from
December through April. The dry season is cooler and includes
the period from May through November.

The preliminary resource survey was conducted during the
dry season month of July, 1986. Seven locations were chosen as
sampling sites along the Ecuadorean coast covering the 3 major
estuarine systems: Esmeraldas  Esmeraldas River!, Bahia de
Caraquez  Chone River! and the Guayas Estuary  Guayas River! . A
total of 41 trap samplings were made in these areas. Biological
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Several basic criteria must be satisfied before a
successful crab fishery can be established  Van Engel, 1974!:
the species must be present in consistent levels of high
abundance; the species should be vulnerable to fishing gear; the
species must be relatively large, easy to handle, transport,
process and market; and the product must have consumer
acceptance and potential market. In order to evaluate each of
these criteria the project was divided into two phases with the
following objectives:
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Figure 1. Map of Ecuador showing the three study areas.
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and environmental data were recorded and crabs were identified

according to available keys  Williams, 1974; Garth 6 Stevenson,
1966! .

Experimental fishing for Callinectes spp. crabs was
conducted in the Guayas Estuary during the wet season  January!
and the dry season  June-August! of 1987. Sites were chosen in
three areas based on expected salinity differences in the upper,
middle and lower estuary  Figure 2! . Four types of fishing
gears were randomly fished at each site: Chesapeake Bay style
crab traps  Van Engel, 1962!, trotline, gillnet and lift nets.
Five Chesapeake Bay style baited crab traps were constructed of
locally available galvanized rectangular mesh wire with a mesh
opening of 2.5 x 5 cm. Each trap measured 65 x 65 x 52.5 cm and
had four entrance funnels. A smaller trap with a mesh size of
2.5 x 2.5 cm was also employed during the January sampling to
capture juveniles, ho~ever, use of these was discontinued due to
the possible exclusion of the larger animals. Two 30 m
trotlines baited every 2 m were fished twice per hour. These
were constructed of 1 cm diameter, hard lay nylon and anchored
at both ends. Five baited lift nets were constructed with a
square iron frame, covered with 1.2 cm webbing. These were
lifted twice per hour. Two 30 m gillnets with 7.6 cm stretched
mesh were constructed of soft lay polyamide twine. Traps,
trotlines and lift nets were baited for each set with locally
available species. These included Chloroscombrus or uesta,
Selene erviance and Scomber 'a onicus. All gears were fished
simultaneously for 3 our periods. Unit fishing effort is
expressed as gear-hour which represents one unit of gear with a
one hour soak.

All crabs collected were identified, measured  carapace
width! and weighed. Carapace width refers to the distance
between the tips of the longest, cephalothorax spines. General
appearance of the crabs were noted including sex, maturity, and
loss and regeneration of appendages. Environmental data
including sediment type and bottom and surface temperature,
salinity and dissolved oxygen levels were recorded.
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Figure 2. Map of Guayas Estuary showing the samp3.ing
sites.
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RESULTS AND DISCUSSION

Resource Survey

The existence of five species of Portunid crabs
inhabiting the coastal and estuarine waters of Ecuador as
suggested by Williams �974! was confirmed during these
investigations. Callinectes toxotes and Callinectes
arcuatus were captured zn estuarine areas while samples of

Portunus as er and Cronius ruber were
hermen working in offshore areas. initial

indications suggest that these latter three species are not
of sufficient size or quantity to support a fishery.
However, the apparent abundance and size of the two
Callinectes species suggests the presence of a large
unexploited resource in Ecuador.

Callinectes toxotes was the largest of the swimming
crabs found in the Guayas Estuary and have been described
as the largest species in the genus  Williams, 1974!. The
largest specimen captured measured 22 cm in width, and
weighed 660 gr. The average size of C.toxotes captured was
14.5 cm, with average weight of 211 gr. Callxnectes
arcuatus, a smaller species, had mean carapace widths of
10.3 cm and weights of 60 gr. Average carapace width and
weight for both species for each area are summarized in
Table 1.

DRY SEASONWET SEASON

ARCTOXTOXSITE
CW WT CW WTCW WT CW WT

UPPER
GUAYAS
ESTUARY

14.7 19811.9 113

MIDDLE
GUAYAS
ESTUARY

13. 4 21915.1 320 11.3 69.5

LOWER
GUAYAS
ESTUARY

15.3 250 9.1 48.7
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Table l. Average Carapace Width  CW! in cm and Weight  WT! in gr
for Callinectes toxotes  TOK! and Callinectes arcuatus  ARC! Crabs
Captured by Site and Season.



Abundance and Distribution

A detailed investigation of the abundance and
distribution of the Callinectes spp. in the Guayas Estuary

observations to date have indicated that the species
distribution found in Ecuador is similar to that described
by Norse and Estevez �977! along the Pacific coast of
Columbia, where C.toxotes dominated the less saline
estuarine areas but was replaced by C. arcuatus in the
higher salinity areas with some overlap in intermediate and
high salinity areas  Figure 3!. They suggest that
salinity plays an important role in the distribution of the
Callinectes species and describes both as being euryhaline.

A spatial and tempora.l shift of the species
distribution occurred during the wet season, presumably
following the shift of the salinity structure of the
estuary due to increased fresh water input, from the
rivers. At the beginning of the wet season while salinity
was still high �9 ppt! large populations of C. arcuatus
were found in the middle estuary. At, the end of the
season, salinity dropped �5-17 ppt! and the population
consisted entirely of C. toxotes. No shift in species

~ ~ ~
ppt!, although there was an indication of size
differences. No data is available for the wet season 1987
for the lower Guayas estuary.

If C. toxotes and C. arcuatus follow a similar pattern

distribution by sex and maturity can be expected. Mating
would occur in She fresher areas of the estuary, with
females later migrating to estuary mouths to spawn
resulting in the dispersion of the larvae into the offshore
high salinity waters  Hail, 1984! . Little data is
available on the spawning habits of C. toxotes, although
Williams �974! mentions that the distribution of ovigerous

Preliminary results indicate differential distribution
of C. toxotes by sex and maturity in the three sites during
the two seasons  Figure 4! . In the wet season, immature
males and females dominated the population in the upper
estuary; while mature males and females were found in the
middle estuary. During the dry season, mature males and
females dominated in the upper estuary; while mature males
were found in the middle estuary and the lower estuary.
Preliminary data are insufficient to verify female



Figure 3. Species Composition in the Guayas Estuary.
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Figure 4. Sex and Maturity of Callinectes spp. crabs in
the Guayas Estuary.
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migration to higher salinity areas for spawning. There
appeared to be a greater number of immature females in the
upper estuary during the wet season, and a larger number of
mature females during the dry season. Very few ovigerous
females have been captured to date.

The majority of the C. arcuatus captured were males;
principally mature males were found in the middle Guayas
estuary, and mature and immature males were found in the
lower estuary. Very few females were captured which
suggests their absence from the estuary areas sampled.
Dittel and Epifanio  personal communication! in their
investigations in Costa Rica, have captured mostly female
C. arcuatus but, their sampling has been conducted offshore
~ ~~

The offshore waters were not sampled but literature
supports the theory that C. arcuatus and C. toxotes may
form large breeding populations in coastal waters
throughout, the year  Rosales, 1976! and that the estuarine
phase of the life cycle is a growth phase as suggested for
C. latimanus in Ghana  Kwie, 1974!. Paul �982! found that
zn Mexico, the female C. arcuatus continue their migration
out of the estuary and continue spawning on the continental
shelf.

Catchability

The blue crab in the United States may be subject to
the most diverse kinds of fishing gear for any single
species  Haefner, 1985! . Gears can range from a simple
baited hand line to the 50 kg crab dredge used in the
winter months in the Chesapeake Bay. Only a few gears have
proven to be economically practical on a commercial basis
 Sholar, 1979!: crab traps  80%! trotlines �0%! and
dredges �0%! . 1n Ecuador, there are technological,
social, cultural and environmental factors that, must be
considered in the selection of the appropriate harvesting
gear. The final recommendations for the most appropriate
harvesting gear will be a compromise between these factors
as well as catch per unit effort or performance data for
each gear type in the Guayas Estuary.

Catch per unit effort for each gear type by site and
season are summarized in Table 2 ~ Environmental conditions

caused great variability in the CPUE for some gears. The
trotlines and lift nets worked best when fished in quiet
waters such as protected mangrove areas or during slack
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tides. Traps performed well until current reached speeds '
causing them to "walk" or vibrate. The Guayas estuary has
a tidal range of between 4 and 5 meters and tidal currents
often reach speeds of 2-3 knots. Gillnets could only be
placed in carefully selected sites due to debris in the
water, boat traffic or currents.

Table 2. Catch per Unit Effort  CPUE! by Gear Type and Size.

WET SEASON DRY SEASON

LRG MESH
TRAPS

UPPER
GUAYAS . 27 �!
ESTUARY

SML MESH
TRAPS

LRG MESH GILLNET LIFTNET TROTLINE
TRAPS

.094�! .77�23! 1.03 8! .49�5! .85�0!

MIDDLE
GUAYAS
ESTUARY

~ 82 �! ~ 95 �! .23 8! 1.5�0! .92{8!.55 �2!

LOWER
GUAYAS
ESTUARY

.37 �31! .42 �! .67 �0! .08 �!

AVERAGE
CPUE . 62 �1! . 70 {7! .56 �16! .59 �0! . 89 �5! . 73 �2!

Note: Number of Rep locates are zn cated by parenthesis.

If the assumption is made that the catch rate will be
constant during the entire fishing time, ignoring effects
of gear saturation, and species interaction, CPUE's can be
extrapolated into expected daily catches for an artisanal
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Traps and gillnets as passive gear offer the advantage
of "self-fishing." Unless theft is a major problem in the
area, these gears can remain unattended until the fisherman
returns to remove the catch. US fishermen use a 24 hour
soak for the traps, replacing the bait. each time the trap
is lifted. A 24 hour soak is not recommended for the
gillnet since tidal currents and debris tend to cause the
net to tangle. The trotline and lift nets must be
continuously fished to harvest, the crabs and the fisherman
must remain the entire time with the gear. Therefore, a
shorter total fishing time is recommended. CPUE may vary
depending on soak time chosen for these gears.



fishermen working from a non-motorized vessel such as a
canoe, and for a small scale commercial fishermen with a
motorized vessel less that 6 m in length  Table 3!.

Table 3. Expected Catch

SMALL SCALE COMMERCIAL LEVELARTISANAL LEVEL

24 134 TRAP 100 24 1350
8 58 LIFTNET 100 8 584
8 43 TROTLINE 1600m 8 376

12 43 GILLNET 1600m 12 374

TRAP 0
LIFTNETS 10
TROTLINE 200m
GILLNET 200m

At present. a very small local market exists for
Callinectes spp. crabs. They are captured by handlines or
lift nets by artisanal fishermen and vendors sell them on
the streets of Guayaquil for 20 to 100 sucres each �0-50
cents US! . Demand for swimming crab increases during the
closed season of the preferred red mud crab, Ucides
cccidentalis, and prices up tc 500 sucres eac~h   2.50 00!
are common. Crab processors from the United States and
Japan have visited Ecuador during this past year and a new
Ecuadorean crab processing facility "Jaiba Azul", has
recently received funding to begin operations.

It is difficult to ascertain the resource potential of
Callinectes s . from this preliminary study, although the
results do offer some encouragement. Crabs were captured in
all of the areas fished, although variability in the catch
rates was due in large part to the exploratory nature of the
investigation. From the preliminary data obtained thus far,
the Callinectes s . crab resource is sufficient to sustain
an artisanal level fishery. However, it is recommended that
more detailed investigations be conducted before any large
scale commercial level fishery be established for this
resource.
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ABSTRACT

Three different cooking methods and six cooking times, mechanical
tenderization and ten different salt solutions are investigated in an
attempt to improve tenderness and shelf-life of whelk  Buccinum undatum
L. ! flesh. Tenderness. as evaluated by the Universal Testing Machine
llNSTRON}, was significantly influenced both by the duration and the
method of cooking  Sheeffe Test P < 0. 05 ! . Samples tenderized
mechanically by 200 g and 400 g loads were significantly more tender than
untreated control and significantly less tender than hand tenderized
samples  P < 0.05!. Brines giving the lower microbial counts at 10~C
storage were NaCI �%! and MgCI2 �4!. NaCI �%!. MgCI2 {24! and KCI
�%! and NaCI  85!. But there were no significant differences between the
ten brines investigated  P < 0.05!.

INTRODUCTION

The common whelk  Buccinum undatum L.! is a carnivorous marine
snail widely distributed throughout the North Atlantic and Arctic Oceans.
It provides a locally important. fishery on the atlantic coasts of Canada,
particularly in the St-Lawrence estuary. on the east and south coasts of
Britain, and on the coasts of Normandy and Brittany. Santerelli and Gros
 'l986! estimated the French landings of whelk at 4 000 metric tons per
year, with a commercial value of 17 millions french francs in 1983; Quebec
landings are estimated at 300 metric tons per year with a commercial value
of 100 000$ Can.  D.F.O. 1985!.

ln Quebec. the commercial forms of whelk are: untreated whelk  live
in the shell!: canned whelk {whelks are removed from the shell, canned
and heat treated!; and brined whelk  with about 84 NaCI! or preserved
with vinegar. One of major characteristic of whelk is tough flesh texture
and the consumer commonly complains of this. Like most gastropods. the
locomotor activity of whelks is assumed by a pedal muscular organ. Such
activity is energetically expensive {DaSilva and Hodgson. 1987! and implies
a high degree of sophistication of the muscles. The organization of pedal
muscles probably affects the tenderization modes during the processing.

121



Studies on the fine structure of the pedal musculature of gastropods are
few and to date have been carried out either on terrestrial snails  Rogers.
1969! or on whelk  Hunt. 1976; DaSilva and Hodgson. 1987!.

Salt. or sodium chloride  NaCI! is the most frequently used compound
in food processing, and has been use for centuries for flavoring and as a
bacteriostatic or bactericidal agent. The preservative effect of salt is
primarily due to its ability to lower water activity by drawing water from
tissue. In recent years sodium chloride consumption has become a major
issue in the food industry, primarily because the sodium ion seems closely
linked to human hypertension  Freis, 1976: Altschul and Grommet. 1980!
and because the average consumption of sodium is 10-20 times that
necessary for physiological balance  NAS, 1980!. Sodium compounds occur
naturally in many foods. including meats, fish. dairy products. grains, and
vegetables. For the health of persons suffering from hypertension or
other sodium related disorders FDA �982!, AMA �972! and several other
professionnal groups  Shank et al ..1983! have made formal recommendations
concerning the use of sodium chloride. Some studies have been made
concerning the optimization of functional and economic parameters when
sodium chloride   NaCI ! levels in processed foods are reduced by
replacement with other chloride salts  Marsh. 1983. Maurer. 1983, Terrell.
1983!.

It is known that some parameters such as: age  Snowden et al .. 'I978!;
muscle composition  Marsh et alee 'l974, Marsh, 1977, Olson et Parrish.
1977!, conservation processes TBouton et al .. 1973!. cooking time and
temperature  Bouton et al.. 1981, Robertson et al. 1984, Findlay et Stanley.
1984! influence the toughness of animal muscle and therefore its texture.

The purpose of this paper is to report the effects of cooking
methods, time/temperature parameters, enzymatic treatment and mechanical
tenderization on the toughness of whelk flesh, as evaluated by the
Universal Testing Machine. Some work was also done to evaluate the
effect of partial replacement of sodium chloride by other chloride salts on
the shelf-life of brined whelk.

MATERIALS AND METHODS

~gam lin: Live walks bought from local commercial fishermen
 Pecherie Bocard of Matane, or Poissonnerie Lucien Doucet of Bic! were
kept in cold storage �'C! until experimentation. Only live whelks with
total shell length of 7-9 cm. as mesured with a vernier, were selected for
experimentation as showed on the diagram of figure 1. Preliminary studies
 Adambounou et al. ! showed no significant difference between the
tenderness of the pedal muscle of the samples of this group; while
Santareili and Gros �986! reported the relationship between the age and
shell length of the whelk.
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Cookin methods: three cooking methods were investigated:

1! Boilin in water: About twenty whelks weighing approximately of
1 500 g were boiled in 1 000 g water �004C! for fixed times �0, 20.
30. 40. 50 or 60 minutes!. Cooked whelk were removed from the
shells with a table fork, and pedal muscles sampled with a knife,
washed and brined in a glass jar with warm sodium chloride solution
 85 and 80 C!. cooled at ambient temperature �5 C! and stored at
4 C until evaluation of tenderness by Instron.

2! Ten minutes recookin followed b ressure cookin for various
times .About l 000 g of whelk were boiled in l 000 g of water for
ten minutes and the flesh removed from the shell with a table fork
Pedal muscles were sampled with a knife, washed and brined with
warm 8$ sodium chloride solution  804C! in glass jars and pressure
cooked �214C, 15 Ibs! for fixed times �0. 20, 30, 40. 50 or 60
minutes!. cooled at ambient temperature  about 254C! and stored at
44C until evaluation of tenderness.

3! Pressure cookin 121 C 15 I s 1 500 g of sample were pressure
30. 40, 50 or 60 minutes!. Whelk

were picked from the shell. brined in glass jars  85 NaCI. 804C!
cooled at 25 C and stored at 4 C for tenderness evaluation.

A control was prepared according to the cooking method �! and the
brine solution was replaced by distilled water.

Mechanical tenderization. Live whelk were obtained by breaking the
shells with a hammer. Pedal muscles were selected, washed and kept in
dilute sodium chloride solution �,9%! at 04C for 48 hours before
mechanical tenderizing. with the apparatus shown in figure 2. The effect
of two weights �00 g and 200 g!, falling from a height of 80 cm was
investigated; for comparison hand tenderizing was performed with a wooden
maliet as used in the home for meat tenderizing. The samples were
washed. slightly brined  NaCI solution 0,9% and 804C! and pressure cooked
for an hour �21 C, 15 Ibs! in glass jars. They were cooled at 254C and
stored at 44C until evaluation of tenderness.

Enz matic tenderization. 1 500 g of whelk were boiled �004C! in
1 000g of water for 10 minutes, removed from the shell with a table fork
and the pedal muscle incubated at 804C for fixed times �5, 30 or 45
minutes! in enzyme solutions of various concentrations �5, 30 or 45 g/I!.
The two enzymes investigated were crude papain powder type II and crude
ficin  Sigma Chemical Co. Ltd!. Pintauro. 1979. reported that the optimum
temperature of these enzymes was from 65 C to 80'C. Samples were then
brined  84 NaCI, 804C!, cooled �54C! and stored �4C! until tenderness
evaluation.
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Figure 2. Experimental apparatus used for mechanical tenderizing.

Tenderness evaluation. Compression measurements were made using
an Instron Universal Testing Machine! Model TMS equipped with a 2 000
g load cell. For each treatment. thirty cylinders of 1.1 cm diameter were
selected in the horizontal axis of pedal muscles with a circular knife and
cut to 1.5 cm length. To eliminate sample mouvement during compression
measurements, cylinders were placed in a plexiglass block drilled according
the size of samples. The initial peak referred to as firmness was obtained
by compressing cylinders to 904 of the original iength. Preliminary
investigations on calibration of Instron showed that 20 cm/min. is the
optimal speed for both the crosshead and the chart  Lavaliere et al.. 1987!.
The method used was similar to the Instrumental Texture Profile Analysis
with only the initial peak. referred to as firmness, being used  Breeene,
1975. Findlay and Stanley. 1980!  Figure 3!.
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Figure 3. Typical deformation curve observed on Instron.

Microbial "anal sis. To evaluate the effects of different brines on the
shelf-life of whelk, a total plate count using P.C.A. was made on the
sampie prepared as in cooking method �!, stored at 10 C for 60 days.
The plating were done on triplicate.

Ex erimental lan and statistical anal sis. Complete Random Factorial
experimental design was followed, and all analyses shown in the
experimental diagram  Figure 1! and microbial analyses were done in
duplicate and the entire experiment repeated twice. Data were analysed by
standard parametric analysis of variance technique. Degrees of
significance were evaluated by the Scheeffe test  Kirk. 1968!.

RESULTS AND DISCUSSION

Effect of en z metic treatment. The influence of enzyme
concentration on whelk toughness is shown in figures 4 and 5. The
combination of 15 minutes incubation time and 15 g/I papain gave a
acceptable tenderness of whelk  Figure 4!. The tenderness of whelk flesh
increase significantly  P < 0,5! with increasing papain concentration.
whereas increasing the time of incubation decreases tenderness. In the
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case of ficin. increasing either incubation time or enzyme concentration
increases significantly the firmness of whelk  Figure 5!. After 15 minutes
incubation, both enzymes  papain or ficin! rendered whelk flesh more
tender. as compared to untreated samples  Figures 4 and 5!. The increase
in firmness as function of duration of thermal treatment agrees with the
results of Martens et al �982!. This change of texture depends of the
composition of muscle   Khan. 1977! . Enzyme treatment decreases
pigmentation and this appearance might possibly influence the consumer.

0. 85
0,80 o.
0. 
0, 70
0 65 rn

.60
~ 55
~ 50

Figure 4. Influence of papain concentration andincubation time on whelk flrmness. 0.85
0.80
0.75
0.70
0. 65 u'
0.60
0.55
0.50

Figure 5. Influence of ficin concentration and
incubation time on whelk firmness.



Effect of cookin time. For the three caoking methods investigated.
the compression values of whelk decreased significantly after 20 minutes
and after 40 minutes  Table 1!. There is no significant difference between
10 and 20 minutes, nor between 30 and 40 minutes, nor between 50 and 60
minutes  P < 0.05!. However in the case af cooking method �!, the
difference was not significant between 40 and 60 minutes. These finding
agree with those af Bouton and Harris �972!. These results indicate the
ionger the cooking time, the more tender whelk flesh becomes. This is
not the case for enzyme treated flesh, where restructuration phenomena of
hydrolysed tissue constituents probably take place with the duration of
incubation.

Table 1. Influence of cooking tiases on whelk tenderness
for different cooking methods.

 i! Pireese in hPa
�! Osforsation aoc41ee tn ttPa

any scans in tns ease norltontal ltns sltn ease superscrtpt are nots stentf xoantly
dtfferent  soneffe Nutiple Ranee Test! at p t 0.0$.

Effect of cookin method. The results obtained for the firmness and
deformation modulus. indicate no significant difference  P < 0.05! between
the three cooking methods for 10 minutes cooking time  Table 2!. For 30
and' 40 minutes. cooking in boiling water made whelk significantly
 P < 0.05! more tender than cooking methods 2 and 3. For 50 minutes,
pressure cooking  method 3! gave the best results for the firmness and
deformation modulus. According to these results  Tables 1 and 2! .
decorticating whelks before pressure caoking increased firmness of samples.
Between 30 and 40 minutes cooking whole whelk in boiling water gave the
most tender flesh. In the pressure coaking method with decorticated
whelks. the increase of fiesh toughness could be related to the increasing
rigidity of myofibrillar structure which is a function of cooking
temperature  Boutan and Khan, 1975!. In the case of cooking method �!.
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the shell could reduce the effect of temperature on denaturation of
myofibrillar proteins by reducing the rate of heat transfer.

Table 2. Infiuence of cooking methods on whelk
tenderness for different times.

 >! 1 = shale sheik oook xn soiling eater
2 " -ahois sheik oook in a Pressure cooker

preoooked lO ein, deoortioate and oook in a pressure oooker

any scans in sacs vertioal lane eith sacs supersortpt ara note signif ioantly dtf fa-
rent  Sohef fe .tultiple Range Test! at P c O.OS.

Effect of sodium chloride. Table 3 shows the effect of sodium
chlori e in coo ing water on w efk firmness. These results agree with
those of others who have demonstrated the use of salt to improve food
texture or as a binding agent  Marsh. 1983!. Sodium chloride interacts with
proteins and others constituents to improve the texture of foods  Whiting
and Richards. 1978!.

Mechanical tenderization. The results obtained from mechanical
treatments indicate no significant difference between the 200 g load and
400 g load  Figure 6!, but both treatments rendered whelk flesh
significantly more tender than untreated control and sighificantly less
tender than hand tenderized  P   0.05!. There were no visual differences
between the mechanically tenderized whelk and the untreated controls.
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Table 3. influence of NaCI in the cooking water on whelk tenderness.

 +! l pressure cooking in a glass jar with water only.
2 pressure cooking in a glass jar with HaC1 84.

any scans in the sass vertical line with sacs superscript are note
significantly different  Sheff ~ INIltiple Range Test! at P   0,05.

O.BO

0.70

0.20

0.10

0.00

Figure 6. Effect of mechanical treatments on whelk firmness
A - control. B - Stroked with 200 g weight. C - stroked
with 400 g weight. D - hand hammering.
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Effect of various brines on whelk shelf-life. As shown in figure 7,
the maximum shelf-life is seven days. The microbial count increases
exponentialy from 7 days to 30 days and becomes stable thereafter. The
exponential proliferation of microorganisms could be related to osmotic
phenomena: the extraction of water from tissue by the salt involves the
diffusion of water soluble nutrients into the brine. and this provides the
medium supporting the typical pattern of microbial growth. No significant
difference was observed concerning the preservatif effect of the ten salts
investigated. In other words. sodium chlot ide could be partialy replaced
effectively by any of the other salts. This agree with the finding of
various authors  Marsh, 1983, Seman et af. 1980, Seperich et ~al 1983!.

7
Ql
a

S

5

30

O4YS IH STOR4GK   IO 'C!

7. Effect of different salts on total microbial counts  PCA!
for whelks stored during a 60 days period at 1goC.

6Z NaC1 + 2X CaC1; g 4L NaC1 + 4X KC1;
6X NaC1 + W KCl; � � � 4'L NaC1 + 2'X MgCl + 2'X KCl;

2
2% NaCl + 6'X MgC1; ~ 2L NaCl + 47 MgCl + 2X KC1;
8X NaC1; 2X NaC1 + 6X KCl;
6X NaCl + 2'X MgCl ; g 2X NaCI + 4'L KC1 + 2X MgCl

4�
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CONCLUSiON

Optimal tenderizing of whelk can be obtained by cooking in boiling water
for 30-40 minutes. Tenderness is better if whelk is mechanically
tenderized. Enzymatic tenderizing reserves some surprises  effective
concentration of enzyme, overall cost for industrial production and final
appearance of the productj. Some correllation with sensorial tests are
needed before final conclusions can be drawn. The microbiai test
conducted in this work confirmed the possibility of partial replacement of
sodium chloride by other chloride salts without affecting the duration of
shelf-life of brtned whelk.
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EVALUATION OF A CONTAINERIZED SYSTE'I

FOR THE RELAYING OF POLLUTED CLANS  MERCENARIA MERCENARIA!

William Ds DuPaul and Michael J. Oesterling
Virginia Institute of Marine Science

School of Marine Science

College of William and Mary
Gloucester Point, VA 23062

INTRODUCTION

Bivalve molluscs are well-known for their ability to bio-
concentrate polluting microorganisms and their equal capability to
cleanse themselves when placed in unpol1uted environments. This latter
fact has led to the development of entire industries based upon taking
shellfish from marginally polluted water and ei.ther moving them to
approved harvesting areas for natural cleansing  termed relaying! or
sending them to onshore depuration facilities where water quality can be
rigorously contro11ed.

Of the two processes, depuration has received the greater emphasis
from scientists, industry and regulatory agencies as evidenced by the
volume of information available  for examp1es see Arcisz & Kelly 1955,
Furfari 1966, Haven et al. 1978 and Neilson et al. 1978!. The reasons
for this include the shorter periods of time involved to depu.".ate
compared to relaying �8-72 hours versus 15 days or longer! ~ ease of
operation and product recovery, and a greater assurance for a cleansed
product. Relaying, on the .other hand, has received only limited
attention, despite the fact that it is widely practiced in both the
oyster and hard clam industries  Blogoslawski and Stewart 1983!.

The relaying of hard clams  Mercenaria mercenaria! from marginally
polluted waters to approved harvesting waters for natural cleansing
represents a multi-million dollar fishery in Virginia. By law, relaying
has been confined to direct on-bottom placement of clams in approved
areas. This process is extremely inefficient and prone to product
losses as high as 30K owing to mortality associated with handling.
predation, stressful environmental conditions and inherently poor
recovery procedures. This loss is significant considering that
approximately 25 million clams were harvested and relayed in Vir inia
during 1986  Virginia Marine Resources Commission!.- Containerized
relaying offers a potentially superior alternative to natural relaying.
However, prior to 1987, it had not been approved by the Virginia
Department of Health due to lack of documentation on effective
purification of hard clams within containers. All previous
containerized relaying experiments have been conducted using oysters
 Crassostres vair inica or C.   iree!.

One of the earliest studies to employ containers in a relaying
study was conducted using oysters  C. vair inica! in Bilosi gay  Cook aad
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Childers 1968!. While containerization demonstration was not an
objective of the study. their use of 30 x 18 x 3-inch racks covered with
1-inch wire mesh yielded valuable data on the potential for container
relaying. When racks with 6-inch legs to support the rack off-bottom
were compared to racks placed directly on a mud bottom, no significant
differences were found and cleansing was complete by the eighth day.
Similarly there was no difference between oysters held in racks and
oysters placed directly on mud bottom. However, clear sing was not
completed until the tenth day, indicating that cleansing may proceed
faster in racks.

Quayle and Bernard �976! used wire-mesh baskets to demonstrate
coliform bacteria purification of Pacific oysters  Crassostrea ~i as!.
Open top galvanized iron mesh baskets 62 x 62 x 30 cm �4 x 24 x 12 in!,
containing approximately 55 kilograms �21 pounds! of oysters were used.
Within 48 hours of being placed on the bottom, the oysters reached an
equilibrium with ambient bacteriological conditions. Ninety percent of
the original bacterial load was eliminated within 24 hours and an
additional 8X reduction experienced by 48 hours after being placed in
approved harvesting waters. Oysters sampled from varying depths within
the basket should no statistically significant differences between
samples. The authors suggested that containerization offered an
economical alternative to traditional on-bottom relaying.

Supan and Cake �982! determined the effects of containerized
relaying on oyster  C. vair inica! survival and purification under
varying environmental conditions, differing seasons and different
loading configuration; and, to investigate various designs of rafts.
racks, trays and other containers for commercial relaying. They
categorized their container systems as suspension relaying, on bottom
 longline! relaying, or rack-relaying. Successful cleansing varied, but
according to the authors, commercial quantities of oysters in
multilayers could eliminate indicator bacteria.

In an effort to document the effectiveness of bacterial cleansin

of hard clams when held in containers, a series of experiments were
conducted during 1985 and 1986  Kator and Rhodes, unpublished data!.
This project had two main objectives: document the bacteriological
cleansing of containerized hard clams in a commercial setting and
demonstrate the commercial advantages of containerized relaying over
traditional on-bottom relaying. In this paper the authors will
summarize the bacteriological results and concentrate on the results
that relate to advantages over traditional relaying.

MATERIALS AND WKTHODS

The full-scale commercial container relaying experiments were
conducted in cooperation with an established industry relayer using the
traditional on-bottom method. Containers were built of expanded steel,
diamond shaped mesh �.54 cm along longest axis! supported on a
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framework of 2.54 cm L-shaped steel bars. The containers measured 1.2 x
1.2 x .3 m � x 4 x Ift! and vere fitted with 2, 15.2 x 15 ' 2 cm � x 6
in! wooden skids on the bottom to support the container off the bottom.
The container was constructed with a hinged edge midway across the top
to permit one half of the top to be raised. The free edge of the top
was fitted with a hasp closure to facilitate a seal for the container.

Results from the preliminary packing experiment indicated that hard
clams representative of the size to be relayed  littlenecks and
cherrystones! should not be packed more than 15.2 cm � in.! deep  Kator
and Rhodes' unpublished data!. Packing to this depth, each container
held approximately 4500-5000 hard clans.

During the 1986 relaying season, five experiments vere conducted
utilizing naturally contaminated hard clams. Containers were deployed
on approved bottom adjacent to ongoing bottom relaying operations. On
the day of deployment, clams were randomly selected and returned to the
laboratory for bacterial analysis. Mater temperature and salinity were
measured and a vater sample taken for bacterial analysis. After a
minimum of 14 days purification time, bagged clam samples were retrieved
for analysis and the container returned to the bottom. Xf, upon
analysis, the bagged clams met a product standard of 50 fecal coliform
per 100 g of meats, then the remainder of the clams in the container
were released for sale.

Once a container was zeleased for sale, all clams were removed and

counted to determine mortalities. Clams vere separated into the
following categories:

1. Marketable - no shell damage; still alive
2. Dead Clams � shells with both valves intact and attached;
3. Broken Clams, Old - broken shells with both valves attached, no

meat inside; assumed damaged at time of harvest or packing in
containers.

4. Broken Clams, New - broken shells with both valves attached,
with meat inside; assumed damaged during reharvesting
operation.

RESULTS AND DISCUSSIGN

Results of the bacterial analysis  Kator and Rhodes, unpublished
data! for the five deployments of the relaying container indicated that
effective depuration vas accomplished. When containers vere carefully
deployed and clams exposed to favorable water quality, a product
standard of 50 fecal coliforms/100 g meats was met.

Water temperatures fluctuated during the course of the experiments
between a low of 17.5 C �3.5 F! on Nay 6 ~ 1987 and a high of 29.5 C
 85.1 F! on July 29, 1987. Salinity ranged from 18 and 22 ppt.

0

Recovery data for 5 experiments using naturally polluted clams are

137



presented in Table 1. Results of each individual experiment will be
discussed separately prior to summarization.

Experiment I, Nay 6-27, 1986

The total number of clams held within the container was 4,835.
This included 585 clams held in bags for microbiological analysis.
Twenty-one days after initial placement, 4250 clams were released to
market. For this experiment, distinctions between dead clams and old
broken clams were not made. The significance of distinguishing dead
from broken  old and new! is an indication of mortality that can be
attributed directly to handling  initial harvest, placement in container
or harvest from container! and other sources of mortality  smothering in
container or unexplained!. Excluding bagged clams for microbiological

0
analysis, total mortality was 3.89X. Mater temperature �7.5 C! and
salinity �8.0 ppt! were recorded during this experiment.

Experiment 2, June 10-30, 1986

Container loading, deployment and retrieval went smoothly. A total
of 4615 clams �85 held in sample bags! were loaded into the container.
Upon release, 4030 clams were marketed. For this experiment,
mortalities were separated into dead clams �3!, old broken clams �14!
and new broken clams �1!. Total mortality  excluding bagged samples!
was 4.23X. Of this total mortality, 3.21X could be attributed to
handling effects.

Experiment 3, June 24-July ll, 1986

Results from this experiment are very similar to the previous one.
A total of 4645 clams. including sample clams, were held in the
container. At the end of 17 days 4060 clams were retrieved. Dead clams
numbered 64; old broken clams, 90; and new broken clams, 31. Total
mortality, excluding samples' was 4.36X. Mortality from handling was
2.85X.

Experiment 4, July 15-August 1, 1986

During the initial loading and deployment of the container, a
mechanical problem caused the clams within the container to shift
position on two occasions. Each time this happened the container had to
be reopened, the bagged clams for microbiolog,ical analysis were
repositioned and remaining clams redistributed. The increased handling
was reflected in higher mortalities. Additionally. this sampling, period
experienced the highest water temperatures �9.0 C � 29.5 C! ~0 0

potentially stressing the clams and adding to the mortality. A total af
4723 clams were held in the container. Seventeen days later 4138 were
released for sale. Total mortality was 6.84X. The number of dead clams
increased to 123, about double the previous experiment; old broken clams
increased to 151 �7X higher than the previous experiment!; and there
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were 30 new broken clams  similar to the previous experiment! . Handling
mortality increased to 4 ~ 07X mainly on the basis of old broken clams ~
The higher number of old broken clams was attributed to the container
shifts during initial deployment.

Experiment 5, August 5-August 28, 1986

This experiment was also beset with complications caused by
unusually heavy rainfall. For a six-day period  August 11 � August 17!,
the relaying site and surrounding area experienced heavy rainfall
associated with a passing tropical depression. As a possible
consequence, sampled clams failed to reach acceptable fecal coliform
levels and, therefore, were not released for sale. The entire container
was left on the bottom for an additional 7 days, after which more clarrs
were sampled for microbiological analysis. After this additional
cleansing time, the acceptable fecal coliform level was achieved and the
remaining clams released for sale. However, this entire procedure
increased the amount of handling, disturbance and increased the length
of time that the clams were held �3 days!. Together, the increased
handling and length of holding, combined to yield the highest total
mortality and handling mortality. Initial clam container stocking was
4526. After 23 days and the removal of 2 samples, 3881 clams were
marketed. Total mortality for the period was 8.03X. Dead clams
numbered 114, old broken clams 207 and new broken clams 18. Handling
mortality w'as 5.33X.

The use of containers for relaying clams clearly is superior to
direct on-bottom relaying in terms of recovery rate and ease of
recovery. Over the course of the container experiments, average total
mortality was 5.5X. During the 1986 relaying season, the adjacent on-
bottom relayed clam loss was 22X  personal communication, Roy Davis
Seafood!. The term "loss" as opposed to mortality is used when
referring to on-bottom clams because a distinction cannot be made
between clams that actually died and clams that failed to be
reharvested.

This difference in losses amounts to sizeable sums of money when
large numbers of claros are involved. Over toe course of a season a
large scale relaying operation can relay 8 million clams. Using the
simplest of economic evaluations employing only total gross sales loss
without taking into account labor or other operating expenses the
magnitude of this monetary loss may be illustrated. A comparison based
upon 8 million relayed clams can be made between a totally containerized
operation with a 5.5X loss sric';i t <>;..i.'i.'.-.' . -!ii i r ir iiri~r~tiorr with a 22X
loss. A 5.5X loss from 8 million clams represent a loss of 440,000
clams; at 22X, 1,760,000 clams are lost; a difference of 1,320,000
clams. If we assume a $0.15 per clara sales price, the on-bottom
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operation had a total gross sales loss of $198,000 greater than t?e
containerized operation.

Other benefits would accure from conta'nerization, one of which
would be labor reduction a" =oharvesting. Current on-bottom
reharvesting requires extensive man-hour expenditures usia either hand
tongs  shaft tongs! or patent tongs. With a container, close to 5000
clams can be harvested in a matter of a few minutes. The actual savings
in time and labor expense must be examined more closely in order to
obtain a more accurate accounting.

An out rowth of the ease of recovery would be a more efficient
business plan in terms of sales planning or in meeting unforeseen sales
opportunities. 3y knowing the. number of clams needed to meet a day' s
sales, it would be a simple matter of harvesting the required number of
containers. Additional sales requests could be quickly met merely oy
increasin- the number of containers harvested.

An additional benefit from containerization comes from the overall

appearance and condition of the clams' On-bottom clams, as a result of
their physical contact with the sediment, can become discolored  shells
darkened! and ta'ce on a gritty taste. On the other hand, containerized
clams, since they never come in direct contact with the sediment, have
cleaner, whiter shells and none of the grit problem associ"ted with
clams taken directly from the bottom. These points, in themselves,
could be used as marketing tools, perhaps resulting in a premium price
being received for containerized clams.

In conclusion, containerization of relayed clams can reduce clam
losses and hence, increase revenues. In addition, containerization can
offer to the market a superior product in appearance and taste, while
satisfying health and regulatory requirements.
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REFRY>T OF SHIPPING SHUQGG! OYFHGtS LONG DISTANCE

M ISAIM @EIGHT AND FREE LIQUOR CONTENT

Cameron R. Hackney and Lisa K. Sanders

Virginia Polytechnic Institute and State University
Seafood Agricultural Experiment Station

102 S. King St., P.O. Box 369
Hampton, Virginia 23669

A major problem facing oyster processors is free liquor or drain
weight. Free liquor in shucked oysters ranges from near zera to greater
than thirty percent �,4,6,7,9!. The current national standard for free
liquor content of shucked oysters is a maximum of 5X within 15 minutes
after shucking  8!. This standard is not enforced because it is well
established that oysters will lose more than 5X �,6,7!. Also, this is
an in-plant standard and it cannot be utilized in the market place.
Concerns over adulation of oysters with added water has lead to
reconmendations of a 15X drain weight standard.

The Shellfish Institute af North America  SINA! conducted a study on
the effect of seasonal variations, geographic area of harvest, NaCl
levels, total solids, and storage time on free liquor content;. One
factor not considered in the SINA study vas the effect that vibration,
caused by trucking shucked oysters long distances to markets, has on free
liquor content.

Shellfish processed in one state are often repacked in another.
Shellfish for repacking are usually sold by weight rather than volume.
Thus, processors often pack a 7 pound pack per gallon. Processors from
the Gulf area claim that the oyster drain weight decreases because of
shipping. The loss is reported to vary between 10-20X. Of course,
repackers want to know of the lass in weight is real. The objective of
this study was to determine if shipping shucked oysters by truck for long
distances affects drain weight and free liquor content.

The oysters were bought at a processing plant. Twenty-one jars were
purchased for each trial. The oysters vere shucked by hand and vashed by
blowing. In this process air is injected from the bottom of the tank to
agitate the oysters to remove grit and shell particles adhering t;o the
oysters. After 10-15 minutes the air was shut off and vater was
constantly added and allowed to overflow the tank. The shell particles
and grit settled to the bottom of the tank and the foam generated by the
agitation was carried away in the overflow, The oysters remained in the
tank for approximately 15 minutes after the air was shut off. The
oysters were removed and packaged without added water into either 12
ounce or 16 ounce glass jars. The oysters were taken to the laboratory
in ice.
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Seven of the jars were tested upon arrival at the laboratory for
free liquor content, drain weight, pH, total solids, NaCl content and
microbiological quality. Free liquor content, drain weight, pH and total
solids was tested by AOAC procedures �!. The analyses were done in
triplicate.

Sodium chloride was determined by the method of Hackney, et al. �!.
Por this procedure, ten grams of oyster homogenate were transferred to a
flask and diluted with 50 to 70 mls of distilled water. This was

titrated with 0.171 N silver nitrate solution �9.063 g/L! using 10 to 25
drops of O.SX dichloroflurescein in ethanol as an indicator. Agitation
was necessary to keep the oyster homogenate in solution. When salmon
pink color developed the titration was stopped. When one gram of oyster
homogenate is used each ml of silver nitrate solution is equal to 0.1 g
of NaCl per 100 ml.

Microbiological analysis included testing for aerobic plate count,
coliforms, fecal coliforms, and E. cali by Standard Methods �!. For the
APC the appropriate dilution was pour plated with plate count agar and
incubated for 5 days at 20 C. Coliforms were enumerated by the 5 tube
most probable number  MPN! technique using lauryl sulfate broth and
incubation at 35 C for up to 48 hours. An inoculum from all positive
tubes was transferred to E.C. broth and further incubated at 44.5 C for.

an additional 24 hours to test for fecal coliforms. E. coli was

determined by streaking each positive EC tube to cosine methylene blue
agar and testing suspect colonies by IMViC �!.

The remaining 14 packs were divided into two equal lots. Seven
packs were placed in ice and held at the laboratory. The other seven
jars were pLaced in ice and shipped round trip by refrigerated truck.
The truck traveled a distance of between 1000 and 2000 miles and was gone
4-7 days. When the trucked samples arrived back at the laboratory all 14
packs were analyzed for free liquor content, drain weight, pH, NaCl
content, total solids and for microbiological analysis as described
above. This study was repeated 7 times. In two of the trials, oysters
from the Gulf Coast  Louisiana! which had been transported, to Virginia
for repacking, were obtained and tested as described.

Statistical analyses were performed by the method of Snedecor and
Cochran �0!.

RESULTS MD DISCUSSION

It is common practice to process oysters in one state and repack
them in another state. These oysters are often sold by weight.
Processors have long claimed that at certain times the oysters may lose
considerable weight during shipping. According to processors, oysters
from the Gulf Coast are particularly prone to losing weight during
shipping. The weight loss has been blamed on vibrations encountered
during shipping. The results of this work showed that the weight loss is
a real phenomenon; however, the loss was due to the age of the oysters
after packing and not vibrations encountered during shipping  Table 1;
compare control at day 0 vs stored samples!. Statistical analysis of the

145



7 trials with 7 replicates in each trial could not detect significant
differences in free liquor content, pH, total solids and microbiological
numbers in samples which had been held in the laboratory and samples
shipped for up to one week for distances of over 1000 miles  Tables 1, 2,
3, 4, 5, 6!. However, there were significant differences  p! O.G1!
before and after storage with respect to X free liquor, aerobic plate
counts and pH, especially with the Gulf Coast samples  Trials 6 and 7 of
each of the tables!.

This work clearly points out the importance of keeping the time
interval between processing and repacking as short as possible. Prom an
economic standpoint, older product will have a decreased drain weight
which could affect profits, especially if a packer is repacking oysters
processed on the Gulf Coast. The oysters processed in Virginia, did not
lose as much weight as oysters processed in Louisiana and thus regional
differences are important.

Table l. Effect of storage and shipping on the 1 free liquid of shucked
oysters .

Transported
by Truckc

Control
Triala Day 0

Control

not shipped

a each number is mean of 7 replicates per trial
controls were held in ice at GoC
samples were shipped in ice on round trip run of 1000-2000 miles
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6.30

6.30

11.97

15.50

8.00
3.52

2.50

5.55
6.02

11.93

11.68

6.63
15.G6

14.73

11.21

4.57

11.68

13.13

4 ' 63

11 ' 34
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Table 2. Effect of storage and shipping on the X total solids
of shucked oysters

Control

not shipped
Transported

by Truckc
Control

Day 0Triala

a each number is mean of 7 replicates per trial
b controls were held in ice at 0 C
c samples were shipped in ice on round trip run of 1000-2000 miles

Table 3. Bffect of storage and shipping on the pH of s3aacked oysters

Control

not shipped
Control

Triala Day 0
Transported

by Truckc

each number is mean of 7 replicates per trial
controls were held in ice at 0 C

samples were shipped in ice on round trip run of 1000-2000 miles

147

1

2 3

4 5 6 7.
12.07

12.09

7.95

9.00

12.09

13.51

13.11

6.82

6.80

6.67

6.86

6.38

6.16

6.32

12.15
12.20

7.88

8.34

11.67

14.49

14.24

6.50

6.40

6.52
6.60

F 14

5.54
5.77

12.36

12.19

7.68

8.40

11.84

14.17

13.93

6.36

6.38

6.57

6.63

6.12

6.03

5.89



Table 4. Effect of storage and shipping on the aerobic plate count of
shi eked oysters

Transported
by Truckc

Control

not shippedb
Control

Triala Day 0

a each number is mean of 7 replicates per trial
controls were held in ice at 0 C

samples were shipped in ice on round trip run of 1000-2000 miles.
numbers are given in logarithm of the colony forming units per gram

Table 5. Effect of storage and shipping on the coliform counts/gram of
s&icked oysters

Control Transported
not shipped by Truck

Control
Trials Day 0

a each number is mean of 7 replicates per trial
controls were held in ice at 0 C

samples were shipped in ice on round trip run of 1000-2000 miles
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4.80

4.90

3.96
4.92

5.30

5.31

45

23

22 9 0
44

23

5.35

4. 79

5.94

5.12

5.93

8.26

6.92

10

27

8
4

22

1500

43

4. 94

5. 03

5.80

4.74

6.34

7.13
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Table 6. Ef f ect of storage and shipping on the Rscherichia coli
counts/100 g of shucked oysters

Control
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INTRODUCTION

Oysters have traditionally been sold by volume with the most
common retail packs being 10, 12 and 1b fluid ounces. To protect the
consumer from the fraudulent practice of substituting water for
oyster meats in the container, the Code of Federal Regulations  CFR!
[1] describes the processing, draining and packing requirements.
However, because processing plants are not under continual inspection
and because there are no National Standards applied to the oyster
after they leave the plant, it is impossible to insure that the CFR
requirements are adhered to.

A different approach to protecting the consumer would be to
establish a market level standard for the maximum amount of drained
liquid allowable in packs of oysters. Any such standard should be
national in scope because oysters harvested in one region may be
shucked and packed in another region. To set such a standard,
adequate knowledge of liquid loss by oysters packed under CFR
requirements is necessary. That data should evaluate regional,
seasonal and environmental effects on liquid loss during storage.

Several studies �, 3, 5, 6] have been conducted on liquid loss
from shucked oysters during storage. That data, however, has
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limited to studies on oysters harvested from a few
harvested during one season of the year, oysters
unknown or unreported sources, oysters by unreported
data which included only a few time points.

generally been
areas, oysters
harvested from
procedures and

This study was undertaken to determine the appropriateness of
the proposed 15X drained liquid standard for oysters at the retail
market level.

METHODS

To censure that this research would be applicable to the
industry, all harvesting, shipping, shucking and packing procedures
were those normally used in the industry with the exception that CFR
processing requirements were adhered to as near as possible.
Regional differences in the liquid loss were evaluated by testing
oysters packed in three East Coast and six Gulf Coast plants ~ In
this study, only oysters harvested in the region of the plant were
processed at that plant. Seasonal differences were tested by
sampling oysters at the same plane at intervals of approximately six
weeks from March through December, 1986.

On each sampling day the plant was visited, checked to see that
the oysters being processed were harvested from the area where the
plant was Located and that the processing met the CFR requirements.
None of the data reported here was gathered from oysters which had
been processed with blowing.

Thirty five containers of oysters were then collected and packed
in crushed ice until they were examined. Oyster packs were 12 oz.
size in all plants except plant A which used 10 and 12 oz. size and
plant D which used 16 oz. size. An initial drained liquid content
and count of meats was measured on 5 containers within fifteen
minutes after packing where possible. In some cases, these
measurements could not be made in the plant, but were done within 3
hours, when the oysters were returned to the laboratory. The drained
meats were homogenized and analyzed for pH, total solids and salt.
Samples were collected and archived for glycogen analysis. All
analytical procedures followed those outLined by AOAC [4]. At three
day intervals for LB days after packing, 5 containers were removed
and examined for X drained liquid, count and pH.
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In spite of limited scientific data, several states have
promulgated market level standards for free liquid in oysters
 Maryland, 5X; New York, 10X; Florida, 15X!. The Interstate
SheLlfish Sanitation Conference and The National Conference on
Weights and Measures have adopted a national market standard of 15X
free liquid but the groups have no regulatory authority and must rely
on individual states to promulgate and enforce reguLations.



Attempts were made to sample each plant at 6 week intervals,
thus collecting 7 samples during the study period. Unfortunately,
some samples could not be collected because of the unavailability of
oysters from the desired source at that time.

RESULTS AND DISCUSSION

Pigure 1 presents drained liquid  D.L.! data from East Coast
plants. Plant A was in Virginia and plants B and C ia Maryland.
Data was combined over all samples and replicates for each storage
day. The heavy bars represent one standard deviation aad the
whiskers extend to the maximum and minimum values recovered for that

day. The mean for each day are connected so that the trends can be
observed. The number in parenthesis above the whisker on day-0
represents the percent of samples above 5X and the numbers above the
whisker on other days represents the percentage above 15X.

Mean day-0 XD.L. ranged from 3.3 at plant B to 6.6X at plant C.
The large percentage of samples exceeding 5X on day-0 was attributed
to the fact that the measuremeats were made 1 to 3 hours after
packing aad/or that the drain time for the oysters was not the full 5
minutes. During storage the oyster packs decreased in drained liquid
before they began to increase. At day-18, mean XD.L. were 7.8, 2.6
and 4.8 at plants A through C, respectively. Similar treads in
liquid loss had been reported for Chesapeake Bay oysters [2].

In East Coast region, data was collected on 700 containers of
oysters representing 20 separate lots. Of these, only 6 containers
�.86X! exceeded 15X D.L. with the highest value being 20.9X. One of
these containers was encountered oa storage day-15 and 5 at day-18.

An entirely different picture was obtained with Gulf Coast
plants  Figure 2!. Plants P, G, and H were located in Louisiana.
Plant I was located in Mississippi but processed Louisiana oysters.
All plants averaged below 3X drained liquid 15 minutes after packing
aad only a small percentage exceeded 5X. There was a rapid increase
in XD.L. during the first three days of storage followed by a
continual but more gradual increase. At day-18, the mean D.L. ranged
from 6.6 at, plaat E to 9.8X at plants P and G. In these 4 Gulf Coast
plants, 26 lots of oysters consisting of 908 containers were tested.
Ten containers �.1X! exceeded 15X DE L. with the highest value
reached being 17.1X. One of those containers was encountered at day-
12 and the others at day-15 aad 18.

Oysters harvested in Florida  plant D! and Alabama  plant E!
showed the same trend in liquid loss as did the other Gulf plants,
i.e. large initial liquid loss followed by a steady increase  Pigure
3!. At plant D, the mean day-0 D.L. value was 6 ' 3X by day-6 the mean
D.LE exceeded 15X and by day-18, the mean was 20.7X. The highest
D.L. value recorded was 33.1X. Plant E data consisted of only four
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Figure 2. Percentage of drained liquid  X D.L.! in containers of
oysters packed in Gulf Coast plants. Data for each day of storage
were combined over samples and replicates. See text for explana-
tion of figure.
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samples, two of which had very high XD.L. and two of which had very
low XD.L. Although the mean for that plant was less than 15X, almost
50X oi the samples exceeded 15X D.L. during the latter portion of
storage. Possible reasons for these plants differing from other Gulf
plants will be discussed later.

These data suggest a regional difference in liquid loss from
oysters during storage. These differences are emphasized in Figure 4
whi.ch presents the mean XD.L. for each plant averaged over samples
and replicates for each day minus the initial  day-0! XD.L. Drained
liquid values below 0 indicate that the oysters were absorbing some
of the liquid ia the container. East Coast plants  A, B, and C!
showed slight declining levels of D.L. from day-0 to day-6 and then
increasing levels from day-12 to day-18. In contrast, all Gulf
plants  D through I! show the greatest increase in D.L. between day-0
and day-3 with approximately linear increase in D.L. after day-3.

The data from the East Coast plants did not suggest any seasonal
tread in D.L. However, a plot  Figure 5! of mean day-15 increase in
XD.L. for each sample suggests a seasonal trend among Gulf plants.

Ia the Gulf Coast region it was found that the percent salt was
negatively correlated to the XD.L. When this information was
included in the statistical analysis, it was clearly shown that the
mean of XD.L. for samples 1-3 were significantly larger than the
means for samples 5-7. Sample 4 was not significantly different from
any other sample means. Thus, the spring and early summer oysters
from the Gulf Coast might be expected to show higher D.L. than late
suszaer and fall samples'

The noted correlation between salt concentrations and XD.L. may
help to explain the large D.L. values at plants D and E. Samples 2
and 6 at plant E had high salt content  �.50%! and low D.L., whereas
samples 1 and 3 had low salt content  �.21%! and high D.L. Salt
data are not yet available from all samples from plant D, but samples
3 and 4 which had the lowest D.L. had very high salt values. Oysters
from the other samples at plant D were archived and will be analyzed
for salt content. That data will be useful in assessing plant D
data.

It should also be noted that the oyster beds ia Florida and
Alabama were significantly disturbed by a hurricane about 6 months
before the March samples were collected. That event weakened the
oysters and may have contributed to the high DE L. in sample 1 from
plants D and E.

To summarize, these data have demonstrated that a regional
difference existed in the rate at which oysters lost liquid and
within the Gulf Coast region, there were seasonal differences in
liquid loss. Further, withia the Gulf Coast region, there was aa
inverse correlation in salt content and liquid loss.



0 4 O C
ccl
4J

0 0

0
c4

CO~
We

4
O

0
CLI
OCI
c5
4J
C

5

Cl

cll

V C

1'0 %

158

CV 0 Cv
f

Cl!
4J
C ~
ccl M

CIl
cg

CICI V

Cll Pe
ICI CIJ
cll
0 0 0

C
0 ccl

cll ccl
4J Ill
ccl
V

'0
C N

cCI cll

dl 0
V 'tJ
Cll 8

ceo

4
~ Ill

CIJ
Ic0 ccl
CCI

IIl
0
4J cll
ccI
CIO QI
C cICI

4
0

4 c4
III 0
4J
CCI
> «cl
0 'C



20

'

4
~ ml

4
g

10

12345671 2 323467

45
g

1 2 3 4 5 6 71 2 3 4 5 2 3 4 5 6 7

159

SA NIPLE

Figure 5. Mean percentage increase in drained liquid  % D.L.! in
each sample of oysters during l5 days of storage. Data averaged
over replicates.

Dates
3/07-3726
4/16-5/01
5/29-6/26
7/05-8/07
9/05-9/22
0/10-11/29
1/07-12/17



Table l. Observed percentage and estimated probability of
oysters packed under CFR requirements exceeding
15X drained liquid.

EAST COAST REGION GULF COAST REGION

 EXC. P-D!
OBSERVED ESTIMATE OBSERVED ESTIMATE OBSERVEDDAY

O.OX 0 ~ OX O.OXO.OX O.OX

O.OX 4.4X 1.9XO.OX O.OX

O.OX O.OX 8.1X 0.7X

O.OX O.OX 2.0X

O.OX O.OX 6.7X12

1.0X O.OX 10.0X

5.0X18 l. 2X 8.8X

160

- Excluding data from plant D.

11. 7X

14.4X

18.3X

20.1X

18.6X

12.4X

19.6X

21.9X

26.6X



Considering these factors, let us now look at the appropriate-
ness of a 15X drained liquid standard for retail market level
oysters. Table 1 shows the observed percentages and statistically
estimated probability of oysters packed under CFR requirements
exceeding 15X drained liquid.

Since plant D produced oysters that exceeded the 15X D.L. on a
frequent basis, one may draw the conclusion that there is something
different about the operation of that plant. However, other
researchers [3] have observed that oysters harvested from
Apalachicola, Florida reefs in the spring lost up to 28.1X liquid
during 7 days of storage. These findings indicate oysters from that
area may warrant further investigation.
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INTRODUCTION

Among National Marine Fisheries Service statistical reporting
regions  New England, Mid-Atlantic, South Atlantic, Gulf of Mexico,
Pacific, and Alaska!, the Gulf of Mexico region  hereafter referred to as
the Gulf region! has traditionally been the largest contributor to the
total value of U.S. processed fishery products. With annual employment
in this region's processing sector exceeding 16 thousand full-time and
part-time workers, approximately 25 percent of the U.S. processed fishery
value is attributable to the Gulf region.

Shellfish products, averaging about three-quarters of the total Gulf
region processed fishery value, represent the bulk of production  by
value! among processing establishments.s The information and related
analysis in this report pertain to the shellfish processing sector.
Specifically, industry stability, size, sales concentration, and
diversification among establishments in the region are examined.

A more complete understanding of the Gulf of Mexico's shellfish
processing sector, while appealing from a theoretical viewpoint, is
essential from a practical viewpoint. This is because industry and
government efforts aimed at evaluating market legislation, management
alternatives, and long-term trends all require an understanding of the
processing sector. Mandatory seafood inspection and generic promotion of
seafood provide prospects for change within the seafood sector. The
objective of this paper is thus to furnish an analysis of the Gulf region
shellfish processing sector to enable sound evaluations of such prospects.

The following information and discussion is directed toward total
shellfish processed value and.key species  shrimp, oysters, and blue
crabs!. It is derived from unpublished processed fishery products
statistics provided by the National Marine Fisheries Service. In achieving
the overall goal of this study, the authors focus on the pattern of
concentration and stability among processing establishments. This is
because concentration and stability can affect  a! the ability of
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processors to acquire raw material,  b! entry of new processing firms,
 c! sales growth, and  d! addition and/or deletion. of species from
company offerings.

The paper is organized as follows. Background information on the
Gulf region seafood processing sector is given first, using available
published data. Following this background information, a discussion
pertaining to the stability, size, concentration, and diversification
among Gu1.f region shellfish processing establishments is provided. The
paper concludes with a discussion of implications of the analysis which
companies, agencies, and trade groups may wish to consider when trying to
estimate the impacts of regulatory and market changes.

BACKGROUND INFORMATION

The Gulf region seafood processing sector has been experiencing
growth in, both the number of establishments and the value of processed
products  Table 1!. The number of establishments, averaging 392 annually
during 1971-74, increased to 412 during 1976-80, and rose again to 473
during 1981-85. More than 16 thousand seasonal workers were employed
annually by, these 473 establishments  Table 1!.

The total value of processed products increased from an annua1.
average of about $421 million during 1971-75 to almost $1.3 billion
during 1981-8S, or about 200 percent. Much of this increased value can
be attributed to inflation, i.e., the upward trend in prices throughout
the U.S. economy. If one removes the upward trend in value caused only
by inflationary effects+ this gives the value in what is referred to as
real or deflated terms. Expressed in this manner, the total value of the
Gulf region processed fishery products increased slightly less than 40
percent between 1971-75 and 1981-85, from $308 million to $422 million.

Shellfish have consistently averaged at 1.east three-quarters of the
total value of processed products in the Gulf region  Table 1!. The
majority of shellfish processing, at Least by value, originates from the
processing of shrimp  Table 2!. Shrimp, oysters, and blue crabs account
for more than 9S percent of the Gulf region shellfish processed value
 Table 2!. Stone crabs, spiny lobsters, scallops, and crawfish comprise
most of the remaining processed value.

The value of Gulf region processed shrimp products increased from an
annual average of $279 million during 1971-75 to $822 million during
1981-85, or almost 200 percent �5$ after removing inflation!. There
was, however, a sLight decline in the deflated Gulf region processed
shrimp value between 1976-80 and 1981-85 which is somewhat unexpected
given the rapid increase in shrimp imports. Many of these imports are,
however, already canned which requires little or no additional domestic
processing. Also, the deflated price of the processed product may have
declined slightly in recent years, largely the result of increased
imports. Gulf region processed oyster value increased about '175 percent,
but less than 30 percent �8.7$! after removing inflation. Only marginal
growth, however, was observed between 1976-80 and 1981-85, indicating
that most of the increase in real value occurred during the decade of the
1970's. The largest relative growth in processing among the three key
Gulf region shellfish species is that related to blue crab activities.
From an annual $12.4 million dollar industry during 1971-75, revenues
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Table 2. Gulf of Mexico Processed Shellfish Value for Individual Species
and in Total, 1971-85 �-yr. average!.

Value of Processed Products
Total

Shellfish

Blue

Crabs OystersTime Period Shrimp

Million dollars

12.4 b
 8.9!

1971 - 75 avg. 18.8

�3.6!

1976 - 80 avg. 25.0

�2.4!

41.4

�3.8!
1981 - 85 avg.

Source: Processed Fis~erF Products, Annual ~Summer  various issues!
a

Total shellfish values exceed the horizontal summation of individual
components in the table because of inclusion of shellfish species
other than shrimp, oysters, and blue crab.

b
Numbers in parentheses refer to the deflated value  i.evp corrected
for inflation! of processed products with 1967 representing the base
year  i.e., 1967 = 1.00!.

c
The 1981-85 average blue crab value reported here is less than that
provided in Processed Fishers Products, Annual ~Scorner . This
difference reflects errors in the data base from which statistics
reported in Processed F~ishe Products, Annual ~Summer are derived.
This correction was not carried over to total shellfish processed
values.
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32.3

�6.3!

52.0

�7.5!

279. 0

�05.3!

597.9

�96.2!

822.1

{276.0!

315. 4

�31.4!

679.3

{336.5!

957.7

�21.3!



from blue crab processing activities increased more than 230 percent �5$
after removing inflation! to $41.4 million annually during 1981-85.

The ability of the Gulf region shellfish processing sector to
maintain the long-term growth trend established during the past several
years will depend on at least two factors. Demand for seafood and value
added processing must first remain strong. Second, processors must be
able to secure adequate raw material supplies. Shrimp processors, for
example, have probably turned increasingly to imports in their processing
activities in order to supplement relatively stable domestic supplies.
Prochaska and Andrew �974!, in fact, have shown that Florida shrimp
processors have traditionally relied heavily on imports. Gulf region
oyster and blue crab processing activities, on the other hand, appear to
rely almost, if not entirely, on domestic production. Most of the raw
materials in these activities are of Gulf origin and there has been
little tendency to secure oysters and blue crabs from import sources.
The ability to expand real processing revenues in these activities,
assuming there is no increase in real price, will therefore depend upon
more domestic landings and better utilization of landings.

STRUCTURAL CHARACTERISTICS

Structural characteristics of the Gulf of Mexico shellfish processing
sector are presented in this section of the report. These characteristics
are grouped according to �! stability among establishments in the
industry, �! establishment size and changes over time, �! concentration
among establishments in the shellfish processing industry, and
�! diversification among establishments in the industry.

Industry Stability

Industry stability can be measured in a number of ways. One way is
by analyzing patterns of entry and exit among establishments in the
industry. These patterns are presented for the Gulf region shellfish
processing sector in Table 3.

The total number of Gulf region shellfish processing establishments,
as indicated in Table 3, increased by more than one-hundred between 1970
and 1985 �10 to 411!. This increase occurred during a time period when
the number of establishments processing the most valuable Gulf region
shellfish species, shrimp, declined in number �26 to 114!. Establishments
processing blue crabs showed the greatest relative and absolute increases
in number; 94 in 1985 compared to only 56 in 1970. The number of oyster
processing establishments increased only marginally during 1970-85, from
174 to 185.

There is, as indicated in Table 3, considerable movement within the
Gulf region shellfish processing industry. This movement is the result
of entry and exit as establishments add and delete species from processing
lines or, in the extreme, begin or cease all shellfish processing activities
This movement is considerably more than what would be anticipated when
observing only the 1970-85 change in number of processing establishments.
Among establishments processing shrimp, for instance, the average five-year
entry rate was roughly 57 percent, while the exit rate exceeded 60 percent.
The 1976-1980 period appears to be the most volatile, possibly the result

167



40I
O o

lc
Qc

C
Sll

0

~ 0 ~ 4 Q
40

u 0

o

I I
Crl

I
0'

C
Cl
Cl

C Q

0W Ch
CV

u 0
cv

JJ
d u 0

f

4u
IC

Cl

CI

IS
III
40 W 0
40

C Cl
crJ
0
'Pt
4I

0

W O W 0

Cl
O 0

Q 4 Q
u C
Q 4I

0 Ilail

u C 4I
0'
Q

a Q 0
CI

Q Q
k
NI

C

u C

4 0
C
Q

IS
N

NN 0
Isl Cl

IJW Il
0 00

C4I N
u AIS CJ
04

Q

a 0 IJ
0

Qu 0

I

O Ch Irl
rCh

00I

O 00
Ch

~ rI40I

Ch 40

4I

I0

~ 4
4 Q

A Ov
Q a
~ 4 4

C

0 Ilail
0 Cl

Q

~ 0 d C4

'C7

Q N'

0

Q
Q IJ

Q C Q
A 0 alN

C
N A Q
0'
Q Q m4 Ck

g C
C

N M 0IJ u IJ~ 8

C W

u 'N Sl
ND~

'C N 0
a Q u

40 Cl
E'wa Au

Na N~
Q QrcIJ ~
'cr 0
Q
u C.aIS

'U
CpuN e 0 IS

4 Q u 40 N IJ IJ ~I0 a IS
Sl N QQ IJ NIJ Q IS m
OA QA

a44 N 'N 'cr
Q l4 Cst d SlN IJA
Qal il NN'4 4

Q Q
QUAA SI u NN 'Cl C 0
0 N
Cl CWW

C 0 Sl
~CA slI0 0 IS J0IJ
0uW

'0 0 Q
44
IJ
IS
Q I
Q
~ H

W Sl
0
00
C~ A

0 IJ
IJ
0

u lc

C Q

44
Q Q
04

A il

0 4l

Q

u IJ
'0 0

IH Q

A 4l

0

4 0 SI
cJ
0 4

Q
'0 IJ
C Q
J0IS

C lc
Zl

16B



of rising energy costs and a recession towards the end of the decade. Of
the original 126 establishments processing shrimp in 1970, only 45, or
slightly more than one-third, also processed shrimp in 1985  not shown
in Table 3!.

The rate of movement among Gulf region establishments processing
oysters has averaged about 75 percent over a five-year period, with the
rate of entry �7.6 percent! slightly exceeding the five-year rate of
exit �5.5 percent!. Exit and entry among establishments processing
oysters exceed that for shrimp, likely the resuLt of two factors. First,
oyster processing activities tend to be less capital-intensive than
shrimp processing activities which, theoretically, would allow for more
mobility in the oyster processing sector. Second, there tends to be
considerable annual variation in the Gulf region oyster harvest which can
impact processing activities. Unlike shrimp, this variation is not
mitigated to any large extent by using imported oysters in processing
activities. Fifty-aine of the 174 companies processing oysters in the
Gulf region in 1970 were also processing oysters in 1985  not shown in
Table 3!.

Ninety-four establishments processed blue crabs in the Gulf region
in 1985; only 19 of these same establishments were also processing blue
crabs in 1970. The average five-year rate of entrance  85.1$! has
greatly exceeded the rate of exit �8.7$!, explaining the large increase
in establishments processing blue crabs.

The total Gulf region shellfish processing sector, as would be
expected based on the discussion of the individual shellfish species, can
be characterized by considerable movement in terms of entry and exit.
Only 128 of the 310 establishments processing shellfish in 1970 continued
doing so in 1985. Overall, the five-year entry rate has equalled about
10 percent compared to a 61 percent exit rate with a net result of about
100 more establishments between 1970 and 1985. While the total number of
shellfish processing establishments increased by more than 100 between
1970 and 1985, establishments processing key species  shrimp, oysters,
and blue crabs! increased by onLy 37, i.e., shrimp -12, oysters Il, and
blue crabs 38. Hence, the majority of growth in the number of shellfish
processors between 1970 and 1985 can be attributed to the processing of
"non-key" species such as scallops, clams, etc.

Establishment Size

Establishment processing revenues associated with key shellfish
species and total shellfish are presented in Table 4. Also presented are
revenues for establishments entering and exiting processing activities.
Total shellfish processing revenues per establishment have increased from
an average of $947 thousand annually during 1971-75 to $2.2 million
during 1981-85, or about 135 percent. After removing inflation, however,
establishment revenues have increased by only about 10 percent. Deflated
establishment revenues from the processing of shellfish during the
1981-85 period  $754.8 thousand! were, in fact, below those earned during
the 1976-80 period  $883.5 thousand!. New processing establishments, as
would be expected, have sales below the industry average. Establishments
which exit the seafood processing industry have annual sales below the
industry average and, in fact, have sales below the average of entering
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establishments. For example, while revenues among all shellfish processing
establishments averaged about $2.2 million annually during 1981-85,
revenues among entering establishments averaged only $602 thousand.
Revenues among exiting establishments averaged just $380 thousand. This
information indicates that stability in the Gulf region shellfish processing
sector is directly related to establishment size with larger establishments
exhibiting greater stability.

Average per establishment revenues from shrimp processing activities
greatly exceed those earned from either oyster or blue crab processing.
Establishment reveaues from the processing of shrimp have more than
tripled from the 1971-75 average  $2.06 million! to the 1981-85 average
 $6.72 million!. In real terms, establishment revenues from the processing
of shrimp have increased from an annual average of $1.49 million during
1971-75 to $2.25 million during 1981-85, or about 50 percent. Deflated
reveaues for the 1981-85 period  $2.25 million! are, however, slightly
less than those earned duriag 1976-80  $2.30 million!. This decrease
could be a result of a slight decline ia processed poundage, failure of
shrimp product prices at wholesale to keep pace with general price
increases, increased competition amoag companies, or combinations of the
above.

Establishment revenues from blue crab processing have increased from
an average of $132 thousand during 1971-75 to $454 thousand during
1981-85, or about 240 percent. In real terms, however, establishment
revenues associated with blue crab processing have increased only about
15 percent, from $132.3 thousand to $152.4 thousand. Enteriag and
exiting establishments have much smaller operations than those observed
for the blue crab processing industry as a whole when revenues are used
as a proxy for size of operation.

Average establishment revenues from the processiag of oysters tend
to be the smallest among major shellfish species processed in the Gulf
region. While establishment revenues from the processing of oysters have
more than doubled between 1971-75 and 1981-85, from $132.8 thousand to
$290.1 thousand, establishment revenues from the processing of oysters
have remained virtually constant when evaluated in real terms.

Industry Concentration

Industry concentration can affect a company's ability to acquire raw
materials aad market the finished product. Concentration is also thought
to be related to company research expenditures, innovation, and promotion.
One of the more frequently used iadices of industry concentration is the
measure of industry output in relation to the largest companies in the
industry. This index is applied to the Gulf region shellfish industry
and the results are provided in Table 5.

Although more than 400 establishments processed shellfish products
in the Gulf region during 1985, five of these establishments, or about
one percent, accounted for almost 30 perceat �9.6g! of the total shellfish
processed value. The largest 10 establishments represented slightly less
than 50 percent of the 1985 total shellfish processed value, while the
largest 50 establishment accounted for more than 80 percent of the total.
Stated somewhat differently,'12.2 percent �0 establishments! of the
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Table 5. Concentration in the Gulf of Mexico Shellfish Processing
Sector in Total and for Individual Shellfish Species, 1970
and 1985.

Percenta e of Processed Value
Largest n
Processing
Estab.

Total Shellfish
1970 1985 1970 1985 1970 1985

Blue Crab
1970 1985

48.4 42.4 26.9 22.5 35.6 33.7 36.8 29.6

65.9 57.6 41.9 35.8 57.6 53.4 51.6 46.4

86.2 73.6 57.8 52.4 73.7 72.0 66.0 62.2

99.8 93.3 81.9 78.3 94.6 93.7 85.5 82.2

n = 5

n=10

n = 20

n = 50

Number of
Estab. 56 94 174 185 126 114 310 411

Source: Compiled from unpublished data provided by the National Marine
Fisheries Service.

a
Establishments are ranked from the largest to the smallest on the basis
of sales of individual shellfish species and in total.
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Note: To the extent that some companies may operate more- than one processing
establishment in the Gulf region, the numbers in this table will
tend to underestimate the degree of concentration in the industry.
Multi-establishment companies in the Gulf region are, however, not
thought to be common.



shellfish processing establishments accounted for more than 80 percent of
the Gulf region shellfish production by value in 1985.

Among individual shellfish species, the five largest blue crab
processors in 1985 contributed 42.4 percent of the value of blue crab
production, while the five largest oyster processing establishments
contributed 22.5 percent of the total value of oyster processing, and the
five largest shrimp processors accounted for 33.7 percent of the total
shrimp processing activities. Caution should, however, be exercised when
using this measure of concentration to compare level of concentration
among the different shellfish processing activities. This is because of
the different number of establishments associated with each activity.
Overall, however, the oyster processing sector appears to have the least
degree of concentration in the Gulf region while the blue crab processing
sector has the largest degree. This is not to infer, however, that
larger companies in any sector can control the market in any way. They
must compete on a national level with many other processors in other
regions of the country and possibly even in the international market.

Because of the change in number of processing establishments between
1970 and 1985, it is difficult to assess the absolute change in concen-
tration through time. A few general statements can, however, be made.
It appears, for example, that the large increase in establishments
processing blue crabs has notably lessened concentration in that industry.
There also appears to be less concentration in both the oyster and shrimp
processing sectors in 1985 than in 1970. Such a finding in the shrimp
processing sector is somewhat different than what would be anticipated in
light of the fact that the number of shrimp processing establishments
have declined in number. Industry concentration in the total shellfish
processing sector appears to have declined in association with an increase
in number of establishments.

Industry Diversification

Sixteen different shellfish species were processed in the Gulf
region in 1985, including four types of crabs, two types of shrimp, two
types of scallops, oysters, spiny lobster, crawfish, clams, squid, conch,
turtle, and unclassified shellfish. While the majority �74! of the 411
establishments processed only one species, many  84! processed two
species, some �5! processed three species, and five establishments
processed ten or more species. While the industry in total processed an
average of 1.45 shellfish species per establishment, the largest ten
establishments  by value! processed an average of 6.6 shellfish species
per establishment during 1985. The largest 20 and 50 establishments,
processed an average of 4.9 and 3.7 species per establishment, respectively.
It can be concluded that, in general, there is a strong positive relationship
between the size of the establishment and its diversification in terms of
the number of shellfish species processed.

IMPLICATIONS

The previous analysis provides several implications which companies,
agencies, and trade groups may wish to consider when trying to estimate
impacts of change. Consider, for exampLe, the rapid rate of turnover
 i.e., entry and exit! in the Gulf region shellfish processing sector.
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Shrimp processing is the more stable of the industry sectors. Ability to
successfully adapt to regulatory and market changes is more likely for
shrimp firms. Oyster dynamics indicate more entry and exit. Additional
regulatory and market changes will impact the documented instability in
the oyster sector. Developing and successfully implementing a mandatory
seafood inspection program is likely to be much more difficult and costly
in a situation where there is considerable instability in the industry.

The structure of the Gulf region shellfish processing sector will
further add to the complexity and cost of a mandatory seafood inspection
program. A large proportion of shellfish processing activities, as
mentioned, is concentrated among a relatively small number of establishments.
The remaining establishments are large in number but relatively small in
size. A mandatory inspection program designed to monitor processing
activities at each establishment will be quite costly due only to the
sheer number of Gulf region shellfish processing establishments. This is
especially true in, say, the oyster processing sector where there is the
greatest number of establishments and a relatively low degree of concentration.
If the monitoring program is sponsored by the Federal government, the
taxpayers will be forced to cover the costs of an inspection program. If
individual processing companies are forced to cover monitoring costs, it
is likely that some of the smaller companies would be forced to cease
processing activities due to an inability to cover inspection costs.
Such a situation is especially likely to occur if an inspection program
does not result in an increase in demand and, hence, the price of seafood.
The oyster and blue crab processing sectors, as opposed to the shrimp
processing sector, will have a particularly difficult time covering
monitoring costs due to their relatively small scale of operations. This
would likely lead to increased concentration in these particular sectors.

The previous analysis also indicates that the Gulf region shellfish
processing sector is well suited for a generic promotion program. Since
the industry is comprised of a large number of relatively small companies
with a large degree of turnover, it is evident that most of these companies
do not have the financial resources needed to develop a successful
promotion program on their own. A generic promotion program utilizes the
resources of all, or at least the majority, of the companies in the
industry by instituting a check-off program whereby each company is
assessed a small fee in relation to its output or saless. Revenues from
this check-off program are then, used to increase demand for an industry's
product through promotion. This increased demand can enhance the Gulf
region processing sector through the expansion of processing activities
 using either domestic or imported raw materials!, an increase in the
price for the processed product, or some combination of the above. With
respect to particular sectors within the Gulf region shellfish processing
industry, the oyster sector may be the most suited and in the most need
of a generic promotion program. This is because their small scale of
operation and large degree of turnover would make it very difficult for'
many of the individual companies to successfully develop their own
promotion programs. Also, deflated revenues in this sector have remained
virtually constant during the past 15 years. The relatively large size
 as measured by sales! and stability of shrimp processors, on the other
hand, suggest that many of these companies have the resources to develop
and implement promotion programs of their own. However, the decline in

174



real revenues in this sector between 1976-80 and 1981-85 suggests that
this sector may be able to benefit from a generic promotion program.

FOOTNOTES

iThis project was supported by the I,ouisiana Sea Grant College Program,
a part of the National Sea Grant College Program, maintained by NOAA,
USDC.

2The Gulf region includes the coastal states from Texas though Alabama
and the west coast of Florida.

sAn establishment, or plant according to National Marine Fisheries
Service terminology, is a unique processing entity. It is possible that
two or more establishments may be under sole ownership of a company
To be considered a processing establishment, as opposed to a wholesaling
establishment, some physical change of the product must be made. This
change can range from, say, the heading of shrimp to producing soups or
gumbos. Activities such as the repacking of shrimp from 100 pound boxes
to five pound containers or the boxing of oysters are not considered
processing.

4Deflated or real values throughout this report are obtained by dividing
the current value by the Consumer Price Index using 1967 as the base
year. Thus, deflated or real values reported throughout this paper
represent the value of the product expressed in 1967 dollars.

sTurnover, or entry and exit, can result from three factors. First,
existing establishments can add or delete species from their product
lines. Second, establishments can change ownership which results in
both an exit  the previous owner! and an entrance  the new owner!.
Finally, establishments that cease operations are recognized as an exit
and new processing facilities are recognized as an entrance.

sAs the "Fish and Promotion Act of 1986" is written, the assessment is
levied on the first receiver of the product. This first receiver is
often a processor.
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IMPORTANT CONSIDERATIONS IN OPTHVIIZING THE FORMULATION OF
SURMI-BASED PRODUCTS

Chong M. Lee, Jon-Shang Chen and Kang H. Chung
Department of Food Science «nd Nutrition

University of Rhode bland, Kingston, R.I. 02881

liA:CO] Ilsfal1 aM

'Ihe paper deals with formulation optimization of surimi-based pmducts with
focus on the selection of ingredients and optiinization techniques. Surimi is a source
of the most functional pmtein among proteins available in the present market. It is
not only an excellent source of protein, but also can be used as a camer of vital
nutrients such as omega-9 fatty acids. According to our recent animal feeding study
 Gerber and Lee, 1987!, a red hake QJgggg~ ghggg! surimi protein showed the
highest biological quality among known dietary pmtcins and was equally as good as
egg protein in terms of protein efficiency ratio  PER!, i.e. 3.0 compared to 2.5 for
casein. It was also found that there were no significant changes in omega-3 fatty acid
contents in the fish mince after washing, a main step of surimi pmoming, and that
washing caused concentration of myofibrillar pmtcins in the washed mince,
resulting in an impmvcment of essential amino acid profile  Leibovitz ct al, 1987!. As
for omega-3 fatty acids, the level in thc finished mince was not significantly
difFeient fmm that in the original mince, although there werc soine losses during
washing. Such an insignificant change was due to thc concentration efFect of
washing  Lcibovitz et al, 1987!. This suggests that surimi has potential to become an
important commeicial protein ingredient to bc used as a source of functionality as
well as nutrition. It means that surimi will play an important role in formulated
products where sunni is used as a main ingredient of protein source. The purpose of
this paper is to discuss how various types of commercial ingredients interact with
surimi pmtcin; how they affect the textural pmpertics; what an: factors which
influence the textural pmperties of ingredient-added surimi pmducts; and from
above information, how one can optimize formulation of surimi-based pmducts.

In manufacturing a variety of surimi-based formulated pmducts, various types of
ingredients are incorporated into surimi. A study of the physicochemical properties
of ingredients during thermal gelation and the ingredient-matrix interaction is
important to understanding thc gel-strengthening and texture-modifying effects of
ingredients. The information from this type of study will be utilized in formulation
optimization with the aid of appropriate optimization techniques. The important role
of formulation technology in surimi-based formulated products is in thc optimization
of texture and physical pmpcrtics  thermal and freeze-thaw stability!, as well as in
the development of ncw formulated products such as high protein formula A high
pmtcin sunni product receives attention from manufacturers since bringing the
level of protein to that in the natural pmduct may ease the imitation labeling
requirement by satisfying nutritional equivalency proposed by the Food and Drug
Administration  FDA!.
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'Ilic commercial ingredients may be classified as below acccording to their
functions to which their properties best fit.

Gel stxengthening: starch, both native and modified � - 10%!, protein � - 1%!
Texture-modifying: pmtein   ! 1%!, cellulose � - 4%! and fat/oil
Freeze-thaw stabilizing: modified starch � - 10%!

~: The selection of starch is determined by the formulation needs, primarily gel
strength and freeze-thaw stability requirements. Both umnodified and modified
staxches possess gel strengthening ability, although these are considerable
variatians among starches. Those gel-strengthening starches include potato,
corn�5% amylopectinc! and wheat starch which yielded a good swelling and high
viscosity upon gclatiniztition. and fortned a relatively fixm gcl at mom tcmpcxIeue
 IGm and Lee, 1987!. An excessive additian of starch   > 8% on a surimi weight basis!
resulted in a sticky and samcwhat cheese-like textuxe with short of elasticity and bite,
although the texture still remained firm  Chen, 1987!. Modified starch, mostly
hydxoxypmpylatcd, has a good fieeze-thaw stabilizing pmperty. This type of
modified starch did not undergo xctmgradarian and was nat subject to freeze
syneresis. This was supported by a microstructure analysis which showed that
addition of modified starch kept the ice ~ gmwth to a minimum during fmzcn
storage  Lce and Kim. 1987!.

Qggia: The selection of pmtcin should be based an its texture-modifying properties
rather than gel-strengthening properties. Addition of nonfish pmtcins of
nonmyofibrillar nature always tends to reduce gcl strength in terms of cohesiveness
and rigidity in molded pxxxhcts and rubberines in fibcrized pmducts. Such a
reduction in gel strength and rubberiness leads to modification of texture, and often
results in an immvemcnt of sensory quality. A certain type of nonfish protein,
especially wheat gluten, prcvcnts surimi gcl fmm getting cxccssivcly rubbery during
fmzen storage, although it is not as effective as modified starch. As to the
relationship of funcnonal pmperties of nanfish pxotcin ta suximi gel properties,
them was strong correlation r = 0.97! between the water binding abfiity of nonfish
protein during heating  termed "thermal hydration" ! and the cohesiveness of
nanfish protein-incorporated surimi gel  Chung and Lce, 1987!. Unlike the
conventianal method which determines water binding in a cold state, the
measurement of thermal hydration is dane after thc sample is heated to simulate the
actual cooking process. 'Ilmefore, the water binding value obtained by this method
correctly reflects a true gelatian behavior of the protein during thexmal pmcess.

Qggttlggp: Cellulose is a kind of biopolymer that is chemically inert and thermally
stable and is able to absorb water as much as seven times its weight  Miller, 1986!.
Owing to this unique physical pmperties, ceHulosc has been used in a variet of
formulated pmducts where water binding is less affected by beat txcatmeut. CcHulose
is avaliablc in a powder fortn and, in the surimi-based products, unlike starch it
reduced gel strength slightly due pmbably to thc lack of swelling power. Howcvcr, it
has a desirable tcxtuxe-modifying properties. Addition at 1-2% levels significantly
improved the fmzcn-storage quality of products by keeping them from getting
exccessivley rubbery and drying during extended frozen storage  Yoan et al, 1987}.
Since modified starch alone tends to yielded a starchy and less moist texture, a
combined use of rnadified starch and cellulose is recommended. Cellulose also
contributes as a fiber a nutritional benefit, especially where formulation calls for a
complete nutrition.
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~@jl: Addition of fat or oil tends to weaken the gel texture, thus reducing rubbery
and chewy texture. The extent of such a textural modification depends largely upon
the hardness  solid fat contents! of fat and the dispersion of fat or oil. In contrast to
fat dispersion in the comminuted meat protein gel, a more uniform dispersion is
expected with low solid fat or oil  Lee and Abdollahi, 1981!. 'Ihe addition of fat was
found to improve a freeze-thaw stability by preventing the development of a
sponge-like texture due to fieeze syneresis  Lee and Toledo, 1977!.

In selecting a formula, one needs information on: what the product requireinents are
in terms of: form of product, texture requirement, freeze-thaw stability, and
ingredient level  minimum and maximum level!. These factors are interrelated to
one another. Understanding of functional properties and behavior of ingredients is
prerequisite to a proper formulation based on a multi-ingredient system.

Several techniques can be used to achieve an optimum formulation. They are
stepwise optimiziition, linear programming Bender et al, 1982; Evans, 1982; Saguy,
1983!, and response surface methodology  Giovanni, 1983; Gacula and Singh, 1984!.

determined in a single ingredient system. For additional ingredients, the optimum
level of the second ingrdient is determined at a constiuit combined level using a
fraction curve, and simiiariy for the next ingredient in a stepwise fashion. Because
this method works on a limited number of variables, and the optimum level is
determined on a one-~ne basis, this technique is used as a screening technique.

For Qexibility and versatility in data analysis, a computer-aided optimization is
being widely used in the manufacturing industry which is involved with formulation.
The techniques include linear programming and response surface methodology.
These techniques have been successfuHy used in formulation optimization, where
cost, ingredient availability, target composition, and sensory quality are the main
decision variables.

series of multivariate equations that is consisted of objective function, independent
variables and a set of constraints. It can be effectively used when a specific objective
function needs to be minimized or maximized, for instance where a minimum cost or
an increase of one of ingredients to a maximum is required. Two examples are given
below with step-by-step procedures.

Xl = surimi; X2 = nonfish protein; X3 = starch; X4 = water

Maximize � > 0.15 X1! + 0.87 X2! + 0.0 X3! + 0.0 X4!



Camuuuua:
weight: Xl + X2+ X3+ X4 = 96  salt+ flavor = 4!

moisture: 0.76 XI! + 0.08 X2! + 0.15 X3! + 1.00 X4!  = 78%
gel fannability  cohesiveness index!: 1.0 X1! - 0.1 X2! + 0.25 X3! +  - 1! X4! w 50 kg

X1=65-70%; X2=6-8%; X3=3-4%;X4=15-20%

Ezggltjgg.: at 4 and 6 for loop and iteration number, xespectively.

5ghgigg,: Xl = 66.7%; X2 = 7.9%; X3 = 3.5%; X4= 17.8% --! protein level 16.9%

~ Note: Coefficients for gcl foxmability  cohesiveness index! axe given as relative
functianality contributed by each ingredient and obtained from the slape
 campxessive force, kg/% ingxedient! of a curve, changes in gel cohesiveness as a
function of % ingredient in surimi.

- targeted for a cost less than $1.00/lb.

1.20 X1! + 0.30 X2! + 0.50 X3! + 0.0 X4! -> minimize
where X2 is fxozen raw egg white

Camamiata:
Moisture: 0.76 X1! + 0.88 X2! + 0.15 X3! + 1.00 X4!  = 78%

Gcl formability: 1.0 X1! + 0.03 X2! + 0.25 X3! + -I! X4! ~ 50 kg

X1= 65-70%; X2= 15-20%; X3 =4-8%; X4= 10-15%

5ghgjM: Xi =65; X2=15; X3=4; X4=11-!minimumcost =$0.845

Source: Lee �987!

In addition to deciding objective functian and identifying independent variables,
establishing the appropriate constraints, especially the ingredient's ability to
contribute to gel foxmatian, are critical to obtaining a workable solution. Obtaining
the working coefficients for each ingredient in the gel formability contraint is
essential to the successful solution of a linear programming. It is also equally
important to use the right method for evaluation of gel properties which performs
with sensitivity in a cansistent manner.

3 : It is a statistical method designed far the
optimizatian of variable-dependent systems where various indcpcndent variable
 factors! aKcct thc response variable  Evans, 1982; Saguy, 1983!. Unlike the
previously mentioned stepwise aptinuzation, this method runs on a three dimensional
basis. RSM enables one to determine the interrelationships among
variables with respect to the response variable. A step-by-step procedure of RSM is ta
first identify the factors, usually two, and one response variable; define the range of
factor levels, usually three or more; execute the experiment and obtain response data
at varying levels of factors; obtain a quadratic rcspanse surface by least-square
regxession: using coefficients from multivariate equations; lacate the optimum
combination of factar levels which yields an optimum response.
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MODIFICATION OF FUNCTIONAL PROPERTIES OF SURIMI BY
CHANGES IN PROTEIN COMPOSITION

John S. French

Fishery Industrial Technology Center
School of Fisheries and Ocean Sciences

University of Alaska

INTRODUCTION

Surimi, as a minced, washed fish muscle preparation is primarily composed
of myofibrillar proteins ~ The nature of these proteins, especially
myosin, determine the properties of the surimi. This paper discusses some
of the changes that occur in these proteins during surimi processing.

The physiological organization of muscle myofibrils involves a mole
fraction of 0.17 myosin �0-55X  w/w!!, 0.62 actin �5-20X!, 0.10
tropomyosin �-4Z!, and 0-10 troponin �-4X!. The myosin forming the
thick filaments and the actin with tropomyosin and troponin forming the
thin filaments  Goll, et al., 1977! ~ Tropomyosin and troponin are wraoped
around actin in a helical ribbon and regulate the calcium dependent
hydrolysis of ATP and the interaction between the thick and thin filaments
during contraction. Whereas actin is virtually spherical in shape, most
of the myofibrillar proteins have a high degree of alpha-helical
structure. In addition ionic bonds have a ma!or role in the
polymerization of tropomyosin, the association of troponin and tropomyosin
with actin and the dimerization of myosin  Asghar, et al., 1985!.

In addition to data on protein structure, there is general agreement that
stimulation of actomyosin ATPase activity requires the presence of the
ma!or regulatory proteins  Goll, et al., 1977! ~ There is a direct
relationship to the remaining ATPase activity, the extractability of
surimi proteins, and the gel forming ability of surimi  Okada and Tamoto,
1986! ~ Thus it appears that gel forming ability is highly sensitive to
enzyme denaturation and conformational changes in addition to overall
protein composition.

METHODS

from Alaska Pacific Seafoods, Kodiak, Alaska as part of an Alaska
Fisheries Development Foundation sponsored study. Pollock were caught in
Shelikof Strait and held in either slush ice or refrigerated seawater
 RSW!. Surimi samples were the highest grade products  SA grade!.

Differential extraction of Alaskan pollock or surimi was carried out as
described previously  French, 1987b! ~ Samples were blended with either
cold distilled water or phosphate buffered 0 ' 5 M sodium chloride, pH 6 ' 8,



incubated for 60 minutes at 4 C and centrifuged 10 minutes at 30,000 x g-0

Pro te in con cen tra t i ons we r e de ter mined by the Coomas s i e Blue binding
method of Bradford �976! using bovine serum albumin as the standard.

Polyacrylamide gel electrophoresis  SDS-PAGE! was performed in the
presence of 0 ~ 2X SDS  Laemmili, 1970! using 12K acrylamide. Filtered

0soluble protein samples were denatured by heating 5 minutes at 95 C in the
presence of SDS and 2~ercaptoe thanol. Liquid chromatographic analysis
was carried out on a BioRad HPLC using a UV detector at 280 nm and a model
3392A reporting integrator. Separation was by molecular exclusion
chromatography on a 25 cm BioRad TSK 400 column- I socratic cond it iona
were maintained at 0-10 M sodium sulfate 0-05 M phosphate buffered to pH

06.8 at a flow rate of 0.7 ml/min and a column temperature of 25 C.

Proximate analysis and rheological tests on pollock surimi were performed
by the standard me thods  Cheng, et al-, 1979; Hamann and Webb, 1979;
Monte j ano, e t al., 1985! . The punch tests were done on a Food Checker
  Sun Kagaku Co., Tokyo! ~ Surimi sausage s were cooked wi th either a 20
minutes presetting at 40 or 60 C followed by 20 minutes at 90 C, or 400 0

minutes at 90 C with no presetting, after addition of 2 5K salt to
0

partially thawed surimi ~

RESULTS

Changes in extractability of pollock muscle proteins have been studied at
various stages in the conversion of pollock to surimi and cooked kamaboko
including holding conditions of the fish, washing the mince, presetting
and cooking the kamaboko.

Total protein extractability and the relative water and salt
extractabili ties of myofibri liar proteins changed with holding time and
whether the pollock were held in ice or refrigerated seawater. HPLC
analysis has been used to separate water  circles! and salt  squares!
extractable myofibrillar proteins from pollock fi1lets after holding in
slush ice  open symbols! or refrigerated seawater  closed symbols! for up
to seven days are shown in Figure 1 ~

It has been shown  French, 1987a,b! that the stiffness and the water
binding potential of surimi are related to the amount of water extractable
tropomyosin remaining in surimi after washing. Stiffness was inversely
correlated to tropomyosin content with a correlation coefficent of -0.68
and water binding potential directly related with a correlation
coefficient of 0 ' 87 '

To study the effects of added salt and cooking on surimi, samples were
blended with distilled water in the presence or absence of 0.5 M sodium

0chloride and centri f uged as above or the samples were cooked at 90 C f or
40 minutes and centrifuged. The proteins extracted into the supernatant
were analysed by HPLC. The extrac tabi li ty of myosin, actin and
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tropomyosin into distilled water all decreased substantially after cooking
 cross hatched bars! as shown in Figure 2- Similarly, the uncooked  open
bats! actin was the most extractable with salt.

Figure 1 ~ Extractability of pollock muscle proteins after holding in RSW
or slush ice. Slush ice: water extract �!, salt extract  Q!.

RSW: water extract   ~ !, salt extract   g !.
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Figure 2: Effects of salt and cooking on extractability of pollock muscle
proteins. Uncooked surimi: open bars ~

Cooked surimi: cross hatched bars'

20%

l0% water salt water salt water salt
Myosin Actin Tropornyosin

To study the effects of presetting in addition to cooking on protein
extractability, surimi samples were prepared with 2.5X salt and allowed to

0set at 4, 40, 60, or 90 C ~ The low temperature samples were not cooked
0

whereas the remaining samples were cooked at 90 C. Substantial changes
were seen in five of the salt extractable proteins, as shown in Figure 3.
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Figure 3: Role of 40 and 60 C setting on extraction on pollock muscle0

proteins by 0.5 N sodium chlorid.
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It is clear from these results that the cooked gels are not just a tangled
mass of denatured proteins. With the exception of actin and possibly
tropomyosin, the remaining major protein peaks showed substantial
increases in extractability sf te» cooking. Also note that while myosin
and 2-peak proteins showed a constant increase irrespective of setting
temperature, actin and tropomyosin showed the greatest changes in gels se t0
at 40 C prior to cooking. This provides additional evidence that actin
and tropomyosin contribute to the s tronger "suwar i" gels f armed when
surimi is preset before cooking.

The study of the protein composition of the waste water from various parts
of the surimi processing line shows that different proteins are removed at
different stages of the process. Results from Figure 4 show a peak
containing myosin  M! increased from 9.9X in the first wash to 15.5 and
22.0X in the water from the second wash and screw press, respectively,
while a fraction containing troponin  T! decreased form 29 ' 7 to 26.3 and
to 17.7X, respectively, the actin  A! fraction remained relatively
constant near 60X-



Figure 4: Distribution of pollock muscle proteins in waste water during
surimi manufacturing.
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DISCUSSION

Actin and myosin, and their interaction as actomyosin, are critical for
the formation of surimi protein gels  Asghar, et al ~, 1985! ~ The nature
and the degree of the dependency on actin is not fully resolved and the
results presented here indicate roles for other myofibrillar proteins-
Much of the conflicting data relating to the roles of these minor proteins
may be due to the impurity of the preparations and possible denaturation
of proteins during the isolation of individual proteins  Rowlerson, et
al., 1985!- Sano and coworkers �986! report that natural actomyosin
isolated from Alaskan pollock consisted of myosin heavy chain, light
chains, actin, tropomyosin, troponin and other unidentified minor
components' Croaker actomyosin has also been shown to contain protein
components other than actin and myosin  Wu, et al., 1985!. Even "pure"
myosin preparations often show 5-10X impurities  Egelandsdal, et al-,
1985! when analysed by SDS-PAGE. These relatively small amounts become
significant when compared to tropomyosin or troponin being only 4-6X each
in native muscle  Goll, 1977! or water extractable tropomyosin being 2-7X
of the protein in pollock surimi  French, 1987b!- The degree of
tropomyosin degradation in fish muscle minces during thermal processing
has been related to the gel texture  Cheng, et al., 1979!. Paramyosin has
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also been shown to have significant effects of the stretching strength of
kamaboko when added at the 5X level  Sano, et al., 1986!- The gel
characteristics of actomysin with varying ionic strengths are reported to
be different from that of myosin alone  Asghar, et al., 1985!.

There are four major types of intermolecular attractions which dictate the
fundamental structure of a protein system whether iu a functioning fish

0 0
muscle at 5 C or surimi gel at 90 C. These are covalent bonds, most
frequently seen as disulfide linkages; ion pairs, such as those in
polymerized tropomyosin; hydrogen bonds, such as those that stabilize
alpha-helical structures; and hydrophobic bonds, usually seen in the
interior of water soluble proteins  McGilvery, 1983!. Disulfide bonds are
probably of limited significance in fish protein gels since gel strength
increases when disulfide bond reducing agents are presents There is good
evidence that both ion pairs and hydrophobic bonds are important in both
native muscle and cooked muscle gels  Asghar, et al ~ , 1985! ~ Hydrogen
bond formation is an enthalpy driven process with a negative change in
entropy  Cantor and Schimmel, 1980!. Therefore, as the cooking
temperature rises, hydrogen bonds will break and the alpha-helical and
beta-sheet structures will become less important- On the other hand, ion
pair formation is strongly entropy driven and greatly increases as the
temperature rises- For example, the free energy driving the association
of magnesium ions with ATP will become 1 ' 7 kcal more favorable when heated
from room temperature �5 C! to 90 C  Cantor and Shimmel, 1980!.

o 0

Hydrophobic bond formation is generally entropy driven but is often
associated with a large change in heat capacity also  Tanford, 1980!.
Therefore, at gel setting temperatures, hydrophobic portions of the
myofibrillar proteins will tend to associate with other hydrophobic
portions but the extent this occurs will depend on the exact nature of the
protein structures involved. Thus the thermodynamic forces causing of
gelation of surimi proteins are entirely consistent with the good ionic
bonding agents tropomyosin and troponin forming ion pairs and hydrophobic
bonds between the remains of the thin filaments and myosin. To maintain
these interactions surimi should contain the proper ratios of these
constituents.
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THE PRODUCTION OF SURIMI FROM PACIFIC WHITING

 Meclucclus Mcuductusl
Ramon Pacheco-Aguilar and David L. Crawford

Oregon State University � Seafoods Laboratory
250 � 36th Street

Astoria, OR 97103

INTRODUCTION

Washing with water is the initial step in the conversion of
Iinced fish flesh into what the Japanese refer to as suriai.
Mechanical dehydration is carried out to produce a white,
odorless and bland flavored product: to reaove substances that
proaote protein denaturation during frozen storage; and to
enhance the functional properties of suriii proteins. Suriei is
an interjsediate that is used as a raw material to prepare a wide
variety of gel-type food products; it possesses excellent frozen
shelf life providing a year round base for production of
suriai-based shellfish products, fish sausages and fish has
 Buck and Fafard, 1985; Lee, 1984!.

In the conventional process. ainced fish is washed with two
to eight tiaes its voiuae in fresh water froa one to several
tiaes depending upon the species and freshness of the fish  Lee.
1984!. This procedure results in a high quality suriii, but
requires large aaounts of water and produces low yields and
considerable water soluble waste aaterials. Suriai showing
strong gel-foraing characteristics is required to produce the
rubbery and turgid texture that is highly accepted in Japanese
products  Okada et al., 1983!. Since textural preferences of
U.S. consumers vary markedly from those of Japanese, the
gel-strength required for suriai-based products designed for
doaestic acceptance could be considerably less. This can
aarkedly alter the species. raw aaterial conditions. and
processing requirements for a suriai interaediate that would
produce textural characteristics accepted by doaestic consuaers.
The objectives of this study were to evaluate aodifications in
the conventional suriei processing and to convert species of
underutilized fish into a suriai intermediate. Efforts were
directed towards: a! utilizing Pacific whiting, b! reducing the
aaount of water required in the washing unit operation, c!
optiaizing the yield of washed product, and d! evaluating the
gel-foraing ability of suriisi thus produced.
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METHODOLOGY

In preliminary studies intended to optimize flesh
recoveries, ten different washing regiaes were evaluated in
which water-flesh ratios, number of exchanges, dewatering
techniques between exchanges  screening/pressing!, and pH of the
washing water were varied. Recovery of total solids and
protein, and changes in washed and dewatered minced flesh
coaposition  aoisture, protein, lipids, ash, and TMAO! were used
as criteria to evaluate washing regiae efficiency. Washing at
reduced pH was carried out by adjusting the first exchange of a
1:1 water-flesh mixture to an acidic pH in the range 4.9-5.8
with phosphoric acid. followed by a second exchange using
potable water. The pH of the acidic dewatered aince was
adjusted to neutrality with a solution of sodiua carbonate. A
cryoprotectant mixture of sorbitol, sucrose, and polyphosphates
�%, 4%, and 0.5%, respectively! was added into the suriai
formulation. The final suriai moisture was adjusted to 77% with
an ice-water aixture. Teaperature during the mixing operation
was constantly held under 10 C. Prepared surimi �00 g units!
was packed into polyethylene lined cardboard boxes, frozen and
held at -30 C. For the preparation of fish gels, partially

0

thawed suriai was cut into saall pieces and chopped; ice was
added to keep the batter temperature at 5 C and to bring the

0

moisture content to 82.5%. Based upon the weight, 2.5% sodiua
chloride, 5% egg white and 5% potato starch were added to yield
a batter with a aoisture content of 74%. The batters were

packed in glass tubes �0 X 150 aa!, sealed and cooked at 90 C
for 60 minutes.

Texture profile analysis  TPA!, expressible water  EW! and
folding test  FT! determinations of heat-set gels were carried
out to evaluate the gel-foraing ability of suriai froa the 3:1
water:flesh ratio, one exchange and the 1:1 water-flesh ratio.
low pH water  pH 5.0-5.3! first exchange, potable water second
exchange, washing regimes. TPA of gel samples of uniform
geometry and weight were aeasured using an Instron Universal
Testing Machine at 50% aaxiaua compression. Results were
defined in teras of hardness, elasticity, cohesiveness,
gumminess and chewiness  Abbot, 1972!, FT was conducted by
folding a gel slice between thumb and index finger; if no
cracking occurred along the fold, the slice was folded again
perpendicular to the first fold. Rating scale for the test was
based upon the degree of cracking occurring along the folds
 Kudo et al., 1973!. A Laboratory Carver Press was used to
determine EW  Lee and Toledo, 1976!. Unifora gel samples were
pressed at 1000 psi for 20 seconds on Whataan Sl filter paper
between plexiglass plates. The wetted area on the filters was
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measured using a planiaeter and the amount of EW expressed as ca
of wetted area per unit weight of product,

RESULTS AND DISCUSSION

Single exchanges in potable water produced superior solids
and protein recoveries to those observed for aultiple exchanges
utilizing the saae total aaount of water. A single exchange of.
a water:aince ratio of 3.0 produced the highest recoveries
�3.32 and 74.07% of flesh solids and proteins, respectively!.
Mashing at r'atio 1.0 under acidic conditions followed by a
potable water wash at ratio 1.0 produced recoveries super ior or
equal to all of the wash regimes of equal total water voluae
�3.02 and 76.2% of flesh solids and proteins, respectively!.
Mashing under acidic conditions resulted in the most efficient
reaoval of the original content of TWAO and lipid in muscle
 91.4 and 31.1%, respectively!. Superior removals were
accomplished since acidic conditions favored the extraction of
aaines and produced greater pressures during screw-pressing due
to the altered physical characteristics of the flesh. Pressing
between multiple potable water exchanges showed better removals
of TMAO, lipids and ash than single exchanges involving only one
pressing operation or aultiple exchanges involving screening in
between. Water requirements were reduced  >80%! and yield was
iaproved by up to 34% over the conventional process.

Addition of potato starch and dry egg white into the gel
foraulation overcaae the lack of gel-foraing ability of suriai
samples without aasking the effect of washing treatments.
Suriai gels from potable water washed surimi were easily
assigned the aaxiaua grade SA according to the folding test;
surimi gels produced from the low pH washing regime fell
approxiaately equally within the A and 8 grade. An average grade
of A-8 was assigned to thea. Suriai gels from both washing
regiaes were equal  p>0.05! in EW, TPA revealed no significant
difference in gel hardness  p>0.05! between treatments. Gels
derived from low pH treatment yielded poorer elasticity and
cohesiveness  p<0.01! than gels from the potable water
treatment. Gels with lower elasticity and cohesiveness produced
lower folding test grades. No significant difference between
treataents was found in guaainess or chewiness  p>0.05!.

The study suggests that less water could be required in
suriai processing, thus reducing the waste water aanageaent
problems and increasing the low yield recoveries associated with
suriai production. Washing under acidic conditions near the
isoelectric point of flesh proteins reduced protein
functionality soaewhat over that observed for flesh wash'ed in
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potable water. This effect was deterained for gel attributes
considered aost iaportant for the fabrication of food products
through restructuring procedures: elasticity and cohesiveness.
The low moisture content oi' the washed and pressed flesh froa
the washing regimes evaluated would allow considerable
flexibility in formulating surimi interaediates oi' optiauI« and
uniform aoisture contents. This study could establish a
technical base for suriai process optiaization and product
foraulation and to prove the feasibility of suriai production
from Pacific «thiting.

REPERENCES

Abbot, J.A. 1972. Sensory assessment of food texture. Food
Technol. 26�}: 40.

Buck, E.M. and Fafard, R.D. 1985. Development of a frankfurter
analog froa red hake suriai. J. Food Sci. 50�!: 7.

Kudo, G., Okada, M. and Miyauchi, D. 1973. Gel-foraing capacity
of washed and unwashed flesh of soae pacific coast species of
fish. Marine Pisheries Review 35�2!: 10.

Lanier, T.C., Lin, T.S., Liu, Y.M. and Hajsann. D.D. 1982. Heat
gelation properties of actoayosin and suriai prepared from
Atlantic croaker. J. Food Sci. 47�!: 1921.

Lee. C.M. and Toledo, R.T. 1976. Factors affecting textural
characteristics of cooked coaeinuted fish auscle. J. Pood Sci.
41�!: 391.

Lee, C.M. 1984, Suriai process technology. Food Technol. 38�1!:
69.

Okada ~ M., Miyauchi, D. and Kudo, G. 1973. "Kawaboko" � The
giant aaong Japanese processed fishery products. Marine
Fisheries Review 35�2!: 1.

193
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INTRODUCTION

L'fttle Is known about the faod uses af North Atlantic squid,
although It Is being described as a major underutfflzed marfne species.
It has been used as an Important saurce of food fn Mediterranean and
oriental countrfes. In few other cauntrfes of the world Is the squid as
much utilized and appreciated in varfous forms of food as In Japan,
whereas it has been limited for marketability In the United States
because of a tough, rubbery texture. Most consumpt'fan of squid in the
U.S. centers around certain ethnic graups. The tack of a damestfc
market means that virtually all North Atlantic squfd are befng consigned
for export.

Recently, U.S. markets for squid are growing as cansumers become
aware af fts versatility as a food and there have been numerous
publications on squid In the United States dealing with TMAO degradation
for quality factor, textural characterization, squid pratefn
cancentrate, the use fn meat emulsion, and tentacle protein.

The characteristic tough texture of squid Is caused by the peculfar
structure of the tissue. The mantle Is camposed af several layers of
muscle fibers and connective tissue. Each fibrous muscle layer
 circumferential muscle fibers! fs about 200-500 um thick and campased
of very slender f'fbers, each about 5 um In dfameter. Between every
other layer, a narrower layer  rad'fal muscle f lbers! consisting of short
fibers runs perpendicularly to the cfrcumferentfal muscle fibers. SquId
contains a relatively large amount of col lagen, up to about 11$ of the
total protefn ln the case of the muscle of ~ ~gyp~. Therefore,
ft is bel feved that the col lagen plays a slgnlf icant role In the
textural changes durfng cooking.

Squfd 'fs readily distributed throughout the world oceans, yet ft is
one of the least expensive pratefn foods. In ordinary f lsh, the rat'Io
of edible parts to the whale is roughly 40-70$ and the ratio In squid 'Is
as large as 80$  trunk 50$, arms 3�!. Squid meat is equal to fish meat
fn prateln content �6-20$! and amino acid composition, and can be
cons'fdered an excellent source of protein.

The flesh of raw squid fs tough and rubbery fn texture, but
chopping with salt In a silent cutter produced a soupy texture.
Apparently, the squid prote'In Is so soluble 'fn the presence af salt that
most of the squid goes inta solution ieavlng very Iittfe mater'Ial for
structure or texture. Eventually soft and mushy fish sausage products
were obtaIned ~
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The purpose of thfs study was �! to investigate the relationship
of composfte characteristics with rheological properties of squId sur'Imi
sol and gel 'In relation to ingredients and formulation and �> to
examine the correlation of textural properties with gel gross
microstructure before and after frozen storage of the gel.

MATERIALS AND METHODS

Preparatfon of surlmf
Fresh skinned and cleaned North Atlantic squfd  ~g f~~! was

purchased trom a local supplier and processed fnto surfml withfn 24 hr.
The mantle was passed through a mincer with a die having 5 mm diameter
perforatfons. The minced meat was washed four times with fcemhflled
water using 1 part squid meat to 4 parts water  W/W!. The minced meat
was allowed to settle for 10 mfn followed by removal of washfng water.
After the fourth washing and draining, the slurry was dewatered by
centrffugatfon at 3000 xg. The meat pelfet was chopped in a silent
cutter wfth sugar, sorbftol, and sodium trlpolyphosphate �$, 4$, and
0.2$, W/W, respectively> and subsequently packed fn cryobags to be
stored at -20 C until used.

Preparation of surlml sol
All of the thawed surlmf  overnight in a refrfgerator! was chopped

with 25  W/W! salt except sod'Ium algfnatemontafnfng paste, whfch was
chopped wIth 1$ salt in a silent cutter for 3 min and a calculated
amount ot fcemhffled water was added to adjust the final moisture level
to 785 and chopping was continued for 5 mfn. At this point, ingredients
were added and chopping was continued 4 min more. Twelve types of
samples were prepared with different ingredients fncorporated as shown
fn Table l.

XI

XI I
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IV

V
Vl

VI I

V I I I
IX
X

Tabfe 1. Formulations of surfmi sof/gel prepared.

Squid surlmf without any Ingredient
Squid surimf, 2$ cellulose
Squid surlmf, 1.4$ Na-algfnate, 0.6S CaS04
Squid surlmf, 1$ cellulose, 0.7f Na-alginate, 0.3$ CaS04
Squid surlmf, 6$ freeze-thaw stabie modified starch  MS>
Squid surlmi, 2$ soy protein concentrate, 6$ MS
Squid surlmf, 2$ dr'Ied egg white powder, 6$ MS
Squid surfml, 2$ cellulose, 6$ MS
Squid surfmf, 1.4$ Na-algfnate, 0.6$ CaS04, 6'$ MS
Squid surlmi, 1$ celfufose, 0.7$ Na-alglnate, 0.3'5 CaS04,

6$ MS
Blended surimf:2 parts squid with 3 parts Atlantic

pollock, 6$ MS
Blended surimf:1 part squfd wfth 4 parts Atlantic

pollock, 6g MS



Evaluation af flow behavior af surfml sol
For the measurement of viscosity, a small portion of ihe resultfng

paste was placed fn a 150 ml plastic cup wfthout any large air pockets.
In less than 2 mfn after campletlon of chapping, a measurement was made
by a Brookf lefd vfscometer at 1, 2.5, 5, 10, 20, 50, and 100 rpm using a
A spindle � mm dla and 30 mm depth!, except the paste containing
sodium alglnate. Vlscasfty measurements on the sodium alglnate-
containing paste were perfarmed after the paste was left for 24 hr 'ln a
refrfgerator. Consistency, flow behavior, and flufdfty Indfces were
obtained from shear stress vs shear rate.

Measurement of textural properties
The chopped surlmf paste was extruded into 30 mm d'fameter cellulose

cas'lngs and caoked at 90'C for 40 mfn In a water bath followed by
cooling In running tap water for 20 min. The prepared gels were feft
overn'lght at room temperature and cut fnto cylindrical shapes �0 mm
diameter and 25 mm long!.
Texturaf properties measured were compressive farce, percent expressible
mafsture and penetration force as an fndex of cohesiveness, water
holdfng abflfty and f lrmness. Detailed procedures are mentioned In
another paper of these praceedfngs. Gel samples were subJected to three
freezeWhaw cycles to evafuate the changes ln texture during acceferated
and adverse conditions af frozen storage. Samples frozen at -20'C for
five days were thawed and equilibrated to room temperature before
texture measurement was performed for campressfve force, percent
expressible mofsture, and penetration force.

Light microscopic study
Small surlml gel blocks were frozen ln Ifquld nitrogen and

sectloned at 5-8 um w'1th a cryamicrotame. Prepared sections were
mounted on slides and stained for examfnatfon.

RESULTS AND DISCUSSION

Flow curves af the surfmi sols containing various Ingredients are
shown In Flg. 'f. As more 'fngred lents were added, the surlmf sols became
less pseudoplastlc, indicated by a moderation of the flow curve  Fig. 1!
as welf as by an increased and a decreased flow behavior fndex and
consistency index, respectively  Tabfe 2!. This fs attributed to the
fact that 6'$ modified starch was fncorporated with the addition of Ice-
chflled water to adJust the moisture level to 78$. When other
'fngredients were incorporated, again, more calculated water was added
for the moisture adjustment. This indicates that flow behavior of the
paste ls malsture-dependent. Squid surfmf chopped with salt became
saupy ln texture and actually cauld be poured from one contaIner to
another. Sodium algfnate slgnif fcantly 'fncreased viscosity of the
suriml paste  Fig. 1!. This was because calcium 'tons react w'fth the
carbonyl lc groups of the algfnates and crasslink the molecufes. Thus,
Increasing the molecular weight and viscosity. Flow curves of Atlantic
pollock surfml paste prepared with and w'fthout starch are illustrated In
Fig. 1 to compare with the soupy texture of squid sur'lmi paste prepared
wfth var'fous Ingred'fents.
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IX

V
VIII

VII
VI

I 5 M
-1

SHEAR RATE  sec !
Flg. $. Flew curve of squid surlml sols
conta ining various ingredients.
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Table 2. Flow behav'lor, cons'lstency, and fluidity fndlces of
surfml sol containing various ingredients.

3.20
3.18
3.04
3.06
3.08
3.64
3.52
4.02
3.80

0.313
0.3'I 4
0 ~ 329

0.327
0.325
0.275
0,284
0.249
0.263

0.325
0. 329
0. 344
0.336
0.333
0.296
0.301
0.154
0.173

I
V

Vl

Vll

Vill

IX
X

pollock
pollock with
6$ modified starch

n = f lo~ behavior index; K = consistency index; F = fluidity
Index  K !.

Starch used fn this study ls a blend of potato and tapioca starches
 about 1:6 ratio, W/W! and modlffed by hydroxyalkylation for freeze-thaw
stabflfty. In F'lgs. 8a-8c, bigger granules are potato starch and
smaller ones, tap'loca. Intact starch granules before cooking show
characteristic maltese cross fn polarized I Ight  Flg. 8d!. Muscle
associated collagen can still be seen even though preparat'ion of surfmi
and surlml paste fnvolves a vigorous chopp'lng In a silent cutter  Fig.
8c!. Apparently, squid muscle fibers are not solubfllzed by chopping
with salt  Figs. 8a-8c! and when v'lewed between crossed polars, the
stained fibers show polarization color  Ffg. Bd!. M'lcrocrystall Ine
cellulose also shows bright blrefrlngence in polarized lfght. After
cooking at 90'C for 40 mfn, starch and fibers fost maltese cross and
birefr'lngence  F'lg. 9g!. Cellulose, however, stfll retained its
crystallinity after cooking and show bright b lrefringence even during
the freeze-thaw cycles  Figs. 9g, 10g, and 11g!.

During heat-induced gel format'ion, squfd surlmi gel prepared
without starch showed extreme shrinkage and expelled large amounts of
water from the gel matrix, resulting fn many broken areas on the surface
of the gef. Incorporation of 6$ modffled starch improved the problem
associated with thermal shrinkage of squid muscle protein holding the
mofsture in the gel during cooking and eliminated the broken areas on
the surface of the gel. The effects of various Ingredients with or
without starch on compressfve force, percent express'lble moisture, and
penetration force on squfd surlmi gets before and during successive
freeze-thaw cycles are shown ln Ffgs. 2-7. Although Type f-IV gels
prepared without starch expelled large amounts of water during cooking,
percent expressfble moisture was still significantly high before and
after freezing of the gel  Fig. 4! as ev'ldenced by many afr cells before
freezing  Figs. 9a and 9b! and by many areas of fce crystals during
successive freeze-thaw cycfes  Figs. 10a, 10b, 11a and 1fb!.
fncorporation of the freeze-thaw stable modif led starch lowered
compressive  Ffg. 3! and penetration  Ffg. 7! forces, while improving
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Flg. 2. Effect of various lngr edlents without
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Flg. 3. Effect of various lngredlents with 6'5 modlf led
starch on compressive force of surlml gel during
f reez~haw cycl es.
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Squid surlmi pastes prepared with various ingredients. CG:
collagen; CS: cellutose; EP: excessively gelatinized potato
starch; MC: muscle associated collagen; MF: muscle fibers;
MP: muscle protein; PS: potato starch; SP: soy protein con-
centrate; TS: tapioca starch.  a! Type Vl;  b! Type Vill;
 c! Type XI;  d! same as Fig. Bb, but photographed In
polarized light.
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percent express'Ibie mo'Isture  Fig. 5! by preventing air eel I farmatlan
caused by the Increased volume of swallen starch, which resulted ln a
decrease fn the volume af the gel matrix. This reduced the space for
afr cell farmatfon  Ffg. 9c-9e!. There were relatfvely fnsfgnlflcant
changes In compressive  Fig. 3! and penetration  Flg. 7! forces durfng
freeze-thew cycles In the gets prepared wfth the modified starch
campared to the ones prepared without the starch. By holding the water
absorbed from the gel metr'Ix during caoklng, modified starch controlled
the moisture mlgratfan and thus fce crystal formation dur'Ing freezing
 Figs. 10c-10e and 11c-1'fe!. Control of fce crystal farmatlon, I.e.,
percent expressible moisture during freeze-thaw cycles was
synergistically supparted by soy prateln concentrate and cellulose  Flg.
5!. Mere about this phenomenon will be mentioned later. Accordingly,
the water holding ability was 'improved by the Incorporatfon of freeze-
thaw stable modlf led starch  Fig. 5!. Decreased compressive and
penetratlan forces before freezing caused by the incorporation of starch
may be explained by two reasans: 1! prolonged heating af squid meat
causes excessive shrinkage af the muscle fibers such that the fibers
become hardened and densely packed as shown In Figs. 9a-9e; 2! starch
granules fn squid protein tend to be gelatinized and salubllfzed
excessively dur'Ing cook'Ing due to the large amount of water resulting
from dehydration af squid muscle tfssue. Thus, malecular arrangement
within the gelatinized starch embedded fn the squid gel Is loose enough
to lower the gelmtrength.

On the other hand, gel-strengthening ability of starch In fish
proteins gel has been well known. The camposlte gel-reinforcing effect
of starch In fish protein gel Is due to starch granules embedded fn
protein gel metr'Ix which, when swollen, exerted pressure an and drew
mofsture from the matrix. This caused the gel matrix to become more
campact and firm. There fs a competition for water between starch
granules and f Ish protein system during cooking. Water binding In the
protein gel reduced the availability of water for the geiatfnizat'Ion of
starch more so In the fish prote'In gel than In the squid protein gei.
This was evfdenced by the difference In water holding ab 11 Ity among Type
V, Type XI, and Type XII geis. Addlt'Ion of pallock surlml to squid
surfmf slgnlf Icantly reduced percent expressible moisture <Type XI!.
Increasing 'In pollack surlml further decreased In percent expressible
moisture  Type XII, Fig. 5!. In this way, swollen starch In fish
prateln gel acts as an elastic mass, whereas that In squid protein daes
not. This also reflected the difference fn the shape of the gelatlnfzed
starch. As can be seen In F'Ig. 9c, there are many excessively
gelatinized potato starch granules In Type V gel as evidenced by the
salubflization and the leaching of part of the gelatinized starch. In
eantrast, there are few excessively gelatinized potato starch granules
'In Type XI gel  Fig. 9f!.

When squid gels prepared without freeze-thaw stable modif led starch
were subjected to successive freeze-thaw cycles, they shawed
significantly Increased freeze-thaw lnstabilfty such that the gei became
more brittle as Indicated by great decreases in compressive <Fig. 2! and
penetration  Fig. 6! forces, and Increases In percent expressible
moisture  Ffg. 4!. Type II and III gels even did not show break pa'Ints
at 9� deformatlon far the measurement of compressive force after second
freeze-thaw cycle  Fig. 2!.
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Fig. 9. Sur'imf gels prepared with various Ingredfents. GC: gelati-
nizedd collagen; GP: gelatinized potato starch; GT: gelati-
tapioca starch; SM: shrinked collagen or muscle fibers.  a!
Type I;  b! Type II;  c! Type V;  d! Type Vl;  e! Type Vill

 f! Type Xl;  g! same as Ffg. 9e but photographed in po-
larfzed fight.
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Soy protefn concentrate  SP! dfd not demonstrate gel-strengthenfng
ability as much as egg white  Figs. 3 and 7!, but shawed good water
halding ability  Fig. 5! as Is vlsualfzed In Figs. '10d and 11d by
controlling fce crystal formation dur'fng freeze-thaw cycles. Thfs may
expla'fned by the fact that SP fmbibed water from the protein gel matrix,
swelled during cooking  F'Ig. 9d!, preserved fts orfg'fnaf structure
 Figs. 10d and 11d! during freeze-thaw cycles, and held mofsture wiihfn
the structure to prevent fce crystal grawth. However, It d'fd not
reinforce gel strength like an elastic mass of gelatinized starch due to
loosely arranged fnternal structure as 'fs shown in Ffg. 9d. Gef
prepared with egg whfte  EW! and starch  Type VII! demonstrated the
highest cohesfveness  Fig. 3! and firmness  Fig. 7! with good water
hold!ng abff Ity  Flg. 5! except those prepared with pallock surfmi.
Although sodium afg Inatemontafn Ing paste was h'fghi y pseudopfastlc  Flg.
1!, fts heat-induced gels  Types III, IV, and X! did not show greater
gel strength compared to others  Fig. 2-7!. ThIs may be explained by
the fact that gel formed by lon exchange between sodium and calcium, In
other words, fnsoluble calcium alglnate formed from sofubfe sodium
alglnate apparently fs not stable at the cooking conditIons used ln this
study. Furthermore, gel matrix of the calcium alglnate In the paste fs
disrupted during cooking by the excessive shrinkage of,squid protein.

lt has been claimed that mlcracrystallfne ceIlulose  MC! helps
prevent mo'fsture migration and also fnhiblts the Irreversible
aggregation of prote'In and ather saffds during cooking and frozen
storage of foods. MC alone fn the gel  Type II! cauld not control the
aggregatfon of squfd protein leading to the formatfon af many areas of
air cells  Ffg. 9b! and high percent expressible moisture before
freezing of the gel. MC was not very helpful In the preventfan of Ice
crystal growth  Figs. 10b and 11b! resulting ln high percent expressible
moisture during freeze-thaw cycles  Flg. 4!. MC, fts role as a physical
barrier to aggregation of protein and moisture m'fgratian, cannot play a
slgnlf'fcant role alone lf the protein shrinks excessively. If used with
6$ modified starch  Type VIII!, MC synergistically demonstrated
slgnlf'fcantly law percent expressfble moisture befare and during freeze-
thaw cycles  Fig. 5!. After a third freeze-thew cycle, MC still
malntafned Its homogeneous state of the system durfng drastic phys'Ical
changes ln the gei  Ffg. 11b and 1le! and demonstrated brfght
bfrefringence fn palarfzed light  Flg. ilg!. Being located In air cells
or in ice crystal area, MC physically can prevent the free water
migration upon thawfng. Results af percent expressibfe moisture before
and during the freeze-thaw cycles and microstructure of gels  Types Vl
and VIII! suggest that absorptfan of water from surrounding gef matrix,
retafnment of the absorbed water, and preservation af lts original
structure are essential for an ingredient to provide a freeze-thaw
stabfl lty.

Squfd suriml gels prepared with those ingredients discussed so far
 Types I-X! had poor textural propertIes and would not be accepted
commercially. In an attempt to Improve texture, varlaus levels af
Atlantic pallock surfmf were added to squid surfmf with 6'$ modffIed
starch. Formulations prepared with more than 6� pollock surfml  Types
XI and XII! provided desirable texture for compressive force  FIg. 3!,
percent expressible moisture  Fig. 5! and penetratIon force  Fig. 7!.
Textural propertfes were supported by the gel microstructure before
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Flg. '10. Surimi gels after first freeze-thaw cycle. CP: col lapsed
potato starch; tC: ice crystal.  a! Type!;�! Type 1 l;  c!
Type V;  d! Type V I;  e! Type V I I 1;  f ! Type X 1;  g ! same
as F'lg. 10e, but photographed in polarized light.
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Flg. 11. Surlml gel s after th'lrd freeze-thaw cycle.  a! Type I;  b!
Type I I;  c! Type V;  d! Type VI;  e! Type Vl I I;  f! Type
X I.
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 Fig. 9f! and during successive freezeWhaw cycles  Figs. 10f and 1'If!.

In summary, 1! there Is no significant difference in sol
characteristics among squid surlmi pastes containing various lngred'fents
except those containing sodium alglnate; 2! sadlum alglnate containing
sol showed slgnlf fcantly higher consistency and lower flow behavior
indices than EW, MC, and SP cantaln lng sol; 3! incorporation of starch
'fn the squid gel decreased compressive and penetration forces due ta
excessive gelatinization of starch granules; 4! alglnate gel matrix did
not demonstrate the gel-strengthening ability prababiy due ta excessive
shrinkage of squid protein; 5! ln arder ta reinforce gel strength, an
ingredient must absarb moisture fram gel matrix, swell to exert pressure
on The surrounding gel matrix, and malnta'in internal structure to some
extent ta be able to act as an elastic mass In the gel matrix; 6! In
order to act as a physical barrier ta freely moving water and to provide
a freezeWhaw stability, 'Ingredient must withdraw moist'ure from gei
matrix during cooking and retain its orig lnaI state of structure and the
absorbed water within the structure during drast'Ic phys'Ical changes due
to successive freeze-thew cyclesi 7! squid surlml gei prepared wIth mare
than 6� poi lock surlml and 6$ mod'if led starch had commercial ly
acceptable texture; 8! structure study reflected the textural properties
of gels.
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U.S. FISHERY BYPRODUCTS: A SELECTIVE UPDATE AND REVIEW
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In this paper we would like to discuss three types of fish byproduct
utilization, two of which originated in Northern Europe and the third in
Canada, and all of which are being actively developed and commercialized in
this country today. Our three topics are: composting of fish wastes with peat;
fish protein hydrolysis; and utilization of fish meal in dairy cow rations.
Each represents a very different approach towards the handling of fish
processing plant wastes and industrial fish, and each of these approaches will
make sense for some processors and fisheries.

Com ostin fish wastes with eat: On the surface, composting fish wastes
with peat is the simplest, of the three technologies under discussion and,
indeed, of all fish waste disposal methods, with the exception of dumping which
is becoming both economically and environmentally unacceptable. Composting
requires minimal capital investment, no engineering, and little training on the
part of the operator. It is particularly attractive for three reasons. First,
if properly handled it offers a completely clean method of waste disposal,
generating no leachate and very little odor. Second, it produces an odorless,
organic, nitrogen enriched soil amendment, which is saleable to home gardeners,
highway departments, and others. Third, it is capable of handling not only
standard finfish processing wastes but also extremely intransigent wastes which
are unacceptable for rendering, such as those from dogfish or shellfish
processing. On the other hand, composting, like many biological technologies,
can be quite variable. Experienced operators get a "feel" for building and
maintaining workable piles and can diagnose and cure most problems.
Inexperienced operators are advised to start small and use an experienced
consultant.

The initial work on composting fish, shellfish, and seaweed wastes with peat
was done by Dr. Sukhdev Mathur of Agriculture Canada and his group  Nathur,
1986!. Dr. Nathur's group has made two major contributions. First is the use
of peat with which to compost fish. Under aerobic conditions, rotting fish
generate significant quantities of ammonia, while sphagnum-dominated peats have
high exchangeable acidity which permits the peat to adsorb ammonium ions up to
3X of dry weight. Air-dried peat also has an enormous water absorbing capacity
� up to thirty times its dry weight � and this is a key point in preventing
leachate. Their second major contribution is the design of a compost pile
which is self-aerating and thus saves the labor and equipment costs associated
with turning or mixing.

Mathur's work was subsequently repeated and extended by Joan Brooks  Brooks,
1986! of the University of Naine, who showed that even dogfish wastes could be
effectively handled by this technology. At the end of the composting period
almost all of the wastes have disappeared; the small amounts of bone, fin, or
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3. Each fish layer must have compost starter inoculum added to it. This may
be purchased commercially. After the first batch has composted, a portion of it
may be used to start subsequent piles.

4. Experimental piles should be monitored for temperature; this is generally
done by burying a thermistor in the pile. The temperature should rise to
between 45oC and 65 C in a pile of this size. Composting is complete when the
temperature falls to near ambient; generally eight to fourteen weeks in the
Northeast. Variations exist with the material composted and with the weather;
composting has been carried out in cold, wet weather but not in winter.

5. Peat used for composting must have a water content of 30 to 60K; if the
water content is lower than this, the pile could combust.

This technology is said to be in commercial use in Quebec. At least two
Maine processing companies  one handling dogfish and one packing sardines! are
investigating and developing composting as an environmentally innocuous and
potentially profitable means of waste disposal.

Maine has been a center for research on fish processing waste composting.
One of the most active workers over the past year has been Phil Averill of the
Maine Department of Marine Resources  DMR!, who has concentrated on developing
alternatives to peat for composting with fish. Currently, Maine envisions
large scale regional composting centers where most processors would bring their
wastes; only a relatively small number of isolated processors would do their
own composting. One area of interest to the Maine DMR at this time is the
materials handling aspects of such centers, where extremely large piles
requiring turning and aerating would be built, and where stocks of carbohydrate
sources would be maintained.

Among the questions currently being asked by composting researchers,
including those mentioned above, the authors of this paper, and others, are:

"Can composting be done outdoors in Northern winters?

+What problems arise from composting indoors?

Can sawdust, manure, pomaces, etc. replace some or
all of the peat?

+Can the process be speeded up?

"Can a higher ratio of fish to other components be
composted?

"What are the size limits of a static pile using pipes for aeration?

Fish rotein h dro| sis: Like composting, fish protein hydrolysis  FPH! is
an old technology which started out as a simple, low capital cost method for
waste utilization. However, unlike composting, this technology has developed
and expanded enormously, and has become complex and costly in some
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applications. Balancing this increase in cost is an increase in value of the
end products, which are finding new market niches in this country  Seafood
Management Corporation, 1986!.

All hydrolysing technologies use proteolytic enzymes to digest the fish
protein and liquefy the mass of gurry. The major differences lie in the
enzymes used, the extent to which digestion is controlled, the separation of
one or more components of the hydrolysate, and the methods used to stabilize
the final product.

The direct ancestor of FPH was fish silage, a product developed in Norway
during World War II. For silage, the fish is ground and then preserved by
acidification, usually with organic acids such as formic. The proteolytic
enzymes in the fish are active at the levels of acidity used, and gradually
digest and liquefy the fish. This technology is related to the ancient process
by which fish sauces are produced; however, fish sauce is preserved during
autolysis by salting rather than acidification.

Fish silage is still manufactured; in fact, the advantages which suited it
to wartime Europe make it, a useful technology for Third World countries and
small fish processors. The equipment can be quite simple. All it takes is a
grinder, a wooden tub, paddies and acid-proof storage containers. If the proper
amount of acid has been added, fish silage may be stored for years with no odor
or spoilage. Fish silage of this sort can be further processed into a high
quality fertilizer or utilized as a livestock feed of rather mediocre quality
 Raa, 1982; Windsor and Barlow, 1981; Winter, 1983!.

In the next stage of complexity, heat can be added to one or more steps.
Heat added to the digestion stage speeds up liquefaction. Heating also permits
oil to be separated off. An additional advantage of the heat applied for oil
separation is that it is sufficient to inactivate the enzymes. One reason why
the primitive silages are poor feedstuffs is that they tend to be overdigested,
since the viscera provide a mix of enzymes which continue to work on the
protein present until a significant proportion of single amino acids and even
non-protein nitrogen is generated. Stopping the digestion at a set point,
before digestion has progressed too far, gives a product which is both of
higher nutritional value, and more consistent from batch to batch.

Many wastes lack viscera entirely and, even when viscera are present, the
quantity and quality of their enzymes varies. Thus, some of the most recent
hydrolysis technologies involve the use of commercially available proteases.
These provide limited, consistent, highly controllable digestions. Since
digestion occurs so rapidly, spoilage is not a problem and digestion may be
carried out at a neutral pH. When the process is completed, the product may be
stabilized by drying or by acidification. Particularly if the product is to be
dried or concentrated, equipment costs for this process can be quite high, and
plant design becomes both complex and expensive  American Composite Technology,
1986; Windsor and Barlow, 1981!. In addition to controlling digestion by the
use of specific enzymes under set conditions of time, pH and temperature,
recent advances include the use of anti-oxidant and anti-mold ingredients to
improve palatability and shelf-life.

Hydrolysates are still minor products in the U.S. compared to, say, fish
meal, but they are increasing rapidly. They are also extremely variable
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compared to a commodity like fish meal. Because hydrolysates are so new and so
varied, it is appropriate to list the unique qualities which specific
hydrolysates can offer the marketplace.

«Palatability enhancement for a wide range of monogastric species, ranging
from cats and dogs to salmon.

«Improved digestibility for very young animals.

«No antigenic reactions in the immature gut.

«High solubility.

«A choice of oil contents.

«A choice of wet, semi-moist, or dry product forms.

«A choice of peptide size ranges.

«Extremely high protein contents.

«Low ash contents.

Sprayability.

To processors, hydrolysis offers the advantages of being environmentally
benign, of having lower capital costs than fish meal, and of having potentially
higher profits than fish meal. However, there are disadvantages as well. Some
of the emerging markets for hydrolysates are small and hard to locate and/or
define. Nachinery and engineering are less well defined and harder to locate
than that for older, better known technologies. Offal may need to be separated
into streams in some operations. And, as with many other byproducts, the rule
of "garbage in; garbage out" still holds true.

At this time there is probably more commercial work on hydrolysates in the
U.S. than there is academic research. However, Dr. Robert E. Levin of the
University of Massachusetts in Amherst, and the senior author, under contract
to the New England Fisheries Development Foundation, looked at a cross-section
of variables in hydrolysis technology. Basic hydrolysis procedures are not
complex. However, the fact that there are so many potential variables in
hydrolysis, and that each of them affects the suitability of the product for
its end market � plus the fact that these markets are young and still changing
rapidly � creates complexity in hydrolysis.

Much of the more general aspects of what was learned from the above project
will be published by the Foundation in the form of a "how-to-do-it" handbook
for fish processors and other non-specialists  Goldhor, 1988!.

The major investment and interest in North American commercial fish
hydrolysing has been in producing a feed ingredient for the booming salmon
aquaculture industry. However, industrial approaches vary. There are single-
minded companies like some aquaculture feed or fertilizer companies or a
California company which opened a plant about a year ago to produce a spray
dried, enzyme hydrolysed whitefish product aimed at the weaner pig market and

2l7



patterned after a classic French product made by Soprapeche. At the other end
of the spectrum are companies like Bioproducts  Oregon!, which produces a wide
variety of aquaculture feeds and pet food palatability enhancers, and which
hydrolyses a number of feed stocks, or Stinson Canning Company  Maine! which
has mounted an impressive R & D operation resulting in a group of imaginative
new products, ranging from a moist baby pig product acidified by a
lactobacillus fermentation, to pet food palatability enhancers, to a product
which is mixed with dry ingredients and extruded under heat and pressure to
produce a dairy cow supplement.

Pish meal for dair cows: The first mention of proposed U.S. research on
feeding fish meal to cattle was at the Boston AFT conference two years ago.
Since that time, support for this project has come from the New England
Fisheries Development Foundation, the Center for Applied Regional Studies,
Cornell University, the International Association of Fish Meal and Oil
Manufacturers, and the Zapata Haynie Corporation.

Why feed fish meal to dairy cattle? The answer to this question lies in the
nature of the rumen. The rumen of a cow or sheep is best viewed as an enormous
vat full of culture medium for a zoo of microorganisms. The cow eats grass,
the microbes digest its cellulose and protein, and the cow gets her protein
from the bodies of the microbes. This arrangement worked well up until
recently; however, for a modern, high producing dairy cow, the microbial
protein produced on a grass diet is inadequate in both quantity and quality.
Such a cow needs high quality rumen undegradable protein  sometimes
inaccurately called "by-pass protein" ! which will pass through the rumen and
arrive intact in the gut where it can go to the cow instead of to the microbes.

Fish meal is a particularly good source of such protein. Only 30 to 40X of
fish meal degrades in the rumen, which is less than most other protein sources
fed to cattle. Current thinking in the field holds that the portion of fish
meal that is rumen degradable has an amino acid profile particularly useful for
stimulating bacterial growth, and a slow rate of release helpful in maintaining
rumen nitrogen levels, while the portion of fish meal which is digested in the
gut has an amino acid profile which complements that provided to the cow by the
rumen microorganisms. Fish meal also appears to increase the efficiency with
which cows utilize their feed. inst impressive, all of these benefits are
conferred by feeding low levels of fish meal averaging one pound per cow per
day- There are close to ten million dairy cows in the U.S. so that even if
only, say, a quarter of those cows got a pound of fish meal for a quarter of
the year, that would account for close to 250 million pounds of fish meal per
year at a time when sales to the poultry industry have been declining. Indeed,
this has been the economic rationale behind our work on this project.

The British have been feeding fish meal to dairy cows for about a decade but
British fish meal, British dairy cow diets, and British milk are all different
from ours. Two years ago, when we started this project, most U.S. dairy
nutritionists knew almost nothing about fish meal and were very suspicious of
it. The major fears were first, that fish meal would be unpalatable to cattle
so that they would go off feed, and second, that fish meal would taint the
milk. We are pleased to report that work by Drs. David Barbano and Charles
Sniffen at Cornell has just been completed which demonstrates that even
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quantities of fish meal significantly higher than those recommended for diary
feeding will not taint milk. A relevant point here is that the use of the anti-
oxidant, ethoxyquin, in fish meal is a relatively recent improvement. Some of
the earlier animal feeding experiments were done with unprotected meals which
had turned rancid.

It is true that even good quality fish meal is unpalatable to cows when it
is first introduced. Once cows become used to it, however, they seem to like
it. The problem is that while they are getting used to it, milk production
drops dramatically. After we had learned this � the hard way � we started
recommending that cows be introduced to fish meal at least two weeks before
they started the lactation cycle. This way, if they do cut down on feed, it
does not affect milk production.

Although fish meal is a more consistent product than hydrolysates, it is far
from uniform. Fish meal is made from different types of fish or fish
processing wastes with widely differing oil and ash contents; the stick water
or solubles pressed out of the initial cooked presscake may or may not be
returned to the meal, and no two plants in the U ~ ST seem to use precisely the
same method of drying the meal.

Two years ago, visiting British fish meal specialists suggested that the
best meal to feed to dairy cows was a whitefish meal with no solubles added
back. The reasoning behind their suggestion was, First, that the long chain
polyunsaturated fatty acids of fish oil are toxic to rumen microbes, while
whitefish meal is extremely low in oil. Second, solubles, because they would be
expected to literally be soluble in the rumen, do not add to the'rumen
undegradable protein, so they should be eliminated. These reasons were logical
� so much so that we ought to have been suspicious. But, since the major U.S.
fish meal is a high oil, high-to-moderate solubles menhaden meal, we entered
the arena believing that a potential opportunity for a specialized ruminant
meal made of whitefish processing wastes might exist here. However, when
Cornell researchers, Drs. D.E. Hogue and M.L. Thonney, supplemented their
earlier work in feeding menhaden meal to sheep and cattle with feeding trials
using whitefish meal, no advantages and some potential disadvantages were seen
 Hogue and Adam, 1982; Thonney and Hogue, 1986; Thonney et al., 1987!.
Meanwhile, we had become curious about the bypass value of fish meal. Was it
really as uniform as implied by standard feed tables, which list a single
value? Samples of fish meals were solicited from the U.S. industry which
responded more generously than analytical capabilities could handle. Rumen
degradability was measured by Dr. C.J. Sniffen's laboratory at Cornell using a
variant of the method of Krishnamoorthy  Krishnamoorthy et al., 1983! and the
values differed enormously. In general, although not invariably, meals with a
higher bypass value had a higher oil content.  In fact, E.R. Orskov, at the
Rowett Research Institute in Aberdeen, Scotland, had seen this earlier  Orskov,
1982!, but his work had escaped our notice. It also turns out that the British
do not feed mainly whitefish meal to cattle but, rather, intermediate oil
herring meals'� !

We then obtained, from the Zapata Haynie corporation, meals with and without
added solubles. There was no consistent relationship between solubles content
and rumen degradability except in meals which had been vacuum dried, the
gentlest drying method. Our current theory is that the more common, harsher
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drying methods impart a reasonable degree of rumen undegradability to the
solubles.

There are still a number of challenges remaining and we are still involved
with trying to solve them.

1. Fitting fish meal to the economics and management practices of U.S. dairy
farms. Fish meal is by far the most expensive source of protein a dairy farmer
can use. It is not economical for all cows, all the time, on all diets, and
under all management practices. We need to find out when it is economical and
get that information to farmers, nutritionists, extension agents, and feed
manufacturers. In general we believe that highly rumen degradable diets, such
as those high in alfalfa, hay, and their silages will benefit the most from
fish meal.

2. Solving the fish oil problem. The polyunsaturated fatty acids in fish
oil are toxic to the rumen microorganisms, in such a way that although milk
production may not be affected, butterfat production may go down. The reasons
are not understood, although a number of theories exist. We have just started
to work on ways to diminish or eliminate the butterfat depression by changing
the cow's diet while continuing to feed a reasonably high oil meal.

3. Working with the fish meal industry. In Great Britain and Scandinavia,
fish meals are labelled and sold as specialty products � not as a generic
commodity. We believe that this is the right approach. Ruminant feed markets
want to know accurate oil levels and rumen undegradability as well as total
protein, ash, etc. They also want. meals selected for 1'ower oil content and
moderately high undegradability. We believe that such selection and labelling
will exist in this country within two to three years.

REFERENCES:

American Composite Technology. 1986. Fish Waste Handling Systems for New
England: Engineering Specifications. New England Fisheries Development
Foundation, 280 Northern Ave, Boston, MA 02210.

Brooks, J. LE 1986. Composting fish and shellfish scrap with peat. Report,
Department of Civil Engineering, University of Maine, Orono, ME 04469.

Goldhor, S. H. 1988. Fish Protein Hydrolysis: A User's Guide. New England
Fisheries Development Foundation, 280 Northern Ave, Boston, MA 02210.

Hogue, D. E. and Adam, A. A. 1982. Protein sources for young rapidly growing
lambs. Proc. Cornell Nutr. Conf., pp. 103-106.

Krishnamoorthy, U., Sniffen, C.J., Stern, M.D., and Van Soest, P.J. 1983.
Evaluation of a mathematical model of rumen digestion and an in vitro
simulation of rumen proteolysis to estimate the rumen-undegraded nitrogen
content of feedstuffs. British J. Nutr. 50:555-568.

Mathur. S. P., Daigle, J.-Y., Levesque, M., and Dinel, H. 1986. The

220



feasibility of preparing high quality composts from fish scrap and peat with
seaweeds or crab scrap. Biol. Agric. and Hortic. 4:27-38.

Orskov, E. R. 1982. Protein Nutrition in Ruminants. Academic Press, New
York, p. S8.

Raa, J. and Gildberg, A. 1982. Fish silage: a review. CRC � Critical
Reviews Series in Food Sci. and Nutr. 16:383-419.

Seafood Management Corporation. 1986. New Markets for Maximizing New England
Fisheries Byproduct Values. New England Fisheries Development Foundation, 280
Northern Ave, Boston, MA 02210.

Thonney, M. L. and Hogue, D. E. 1986. Fish meal or cottonseed meal as
supplemental protein for growing Holstein steers. J. Dairy Sci. 69:1648-16S1.

Thonney, M. L., Fox, D. G., Duhaime, D. J., and Hogue, D. E. 1987. Fish
meal and apple pomace for growing cattle. Proc. Cornell Nutr. Conf., pp. 106-
114.

Windsor, M and Barlow, S. 1981. Introduction to Fishery By-Products. Fishing
News Books, Ltd., Farnham, Surrey, England.

Winter, K. A. and Feltham, L. A. W. 1983. Fish silage: the protein solution.
Contribution 1983-6E, Agriculture Canada, Research Branch, P. 0. Box 1210,
Charlottetown, Prince Edward Island, ClA 7M8, Canada.

221



RECOVERY OF PROTEIN FROM MECHANICAL SHRIMP PEELER EFFLUENTS:
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Protein was recovered from mechanical shrimp peeler effluent by HC1
precipitation and centrifugation. Percent recovery of solids was 1X � 2X
of the untreated effluent by weight and was predictable from untreated
effluent turbidity. Total aerobic plate counts of bacteria recovered
from the protein and unprocessed shrimp were 10 5 � 10 6 CFU/g,
approximately 1.5 logs higher than peeled shrimp and untreated effluent.
The acid precipitation and centrifugation process reduced effluent total
organic nitrogen, biochemical oxygen demand, and turbidity by 45.0X,
53.8X, and 92.4X, respectively, compared with the untreated effluent.

INTRODUCTION

Disposal of seafood processing effluents is one of the most serious
problems facing Bayou La Batre seafood processors. Currently, most
seafood processing effluents are directed to the Bayou La Batre municipal
sewage treatment plant, which also receives domestic sewage. The Bayou
La Batre municipal sewage treatment plant was designed and constructed to
provide tertiary treatment for 1 million gallons per day � MGD!.
However, best estimates indicate that seafood processors send over 2
million gallons of effluent to the sewage treatment plant each day during
peak months  Polysurveying, 1986! ~ Added to that amount is another
600,000 gallons of domestic sewage per day.

The sewage treatment plant does not have adequate capacity to treat
between 2.5 MGD and 3 MGD, and has been forced to bypass any volumes of
domestic sewage and seafood processing effluents which it receives that
are in excess of 1 MGD. This situation led to regulatory actions by
state and federal environmental agencies, which stipulated that Bayou La
Batre municipal and seafood processing effluents achieve compliance with
National Pollution Discharge Elimination System  NPDES! limitations by
June 30, 1988.
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Several solutions were proposed by the City of Bayou La Batre and
effected processors. The final alternative resulted in the formation of
BJV, Inc., composed of three shrimp processors. BJV has funded a $1
Million project  currently underway! to construct a new seafood
processing effluent collection and outfall line to serve the needs of its
principals and the other 15 seafood processing plants located along the
route of the outfall line. While this method of disposal will improve on
the present arrangement by segregating seafood processing effluents from
domestic sewage, it will not provide any treatment of the seafood
processing effluent beyond in-plant screening of solids. The effluent
will be treated as a wastewater, not as a processing stream which
contains recoverable byproducts. Prior research has shown that seafood
processing effluents generated by plants which operate mechanical shrimp
peelers contain substantial amounts of recoverable shrimp protein  CRESA,
1971!,  Johnson and Lindley, 1982!,  Johnson and Gallanger, 1984!,
 Mauldin and Szabo, 1974!,  Meyers and Sonu, 1974!,  Perkins, 1977!,
 Perkins and Meyers, 1977!,  Soderquist, 1973!,  Toma and James, 1975!,
 Toma and Meyers, 1975!.

METHODS

Fifteen collections of mechanical shrimp peeler effluent were made
from June 23, 1987 through August 17, 1987. The effluent was derived
from a Laitram Model A mechanical shrimp peeler.

All liquid effluent samples were collected in 2 gal Nalgene carboys
which had been previously sanitized with a solution of 1600 ppm sodium
hypochlorite and rinsed with deionized water.

Samples of mechanically peeled raw shrimp tail meat were taken on
eleven occasions. Since the peeled shrimp meat was a portion of the
mechanical peeler discharge flow, it was included in the Nalgene carboys
along with the liquid effluent. The carboys containing either liquid
effluent or the liquid effluent/peeled shrimp combination were placed on
ice in an insulated styrofoam cooler.

Raw head-on shrimp samples were taken on four occasions during the
last seven collections. Samples were collected by hand  previously
sanitized in 400 ppm RPH solution! from the mechanical shrimp peeler feed
hopper. The shrimp were placed in sterile Nasco Whirl-Paks, sealed, and
placed on ice in an insulated styrofoam cooler.

Potable influent  city water! samples were taken on three occasions
during the last seven collections. Samples were collected by filling
sterile Nasco Whirl-Paks from a thawing tank fill pipe. Filled bags were
sealed and placed on ice in an insulated styrofoam cooler.

All samples were immediately transported by automobile to the
laboratory �2 miles from the sample collection location!. This trip
usually took 20 minutes. Because the amount of time required for sample
collection averaged 15-20 minutes, none of the samples were more than 45
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minutes old upon arrival at the laboratory. All samples were immediately
re-iced upon arrival at the laboratory, and held on ice until analyzed.

Note: Throughout all succeeding methods, all laboratory glassware,
plastic ware , and stainless steel implements were sterilized prior to
use.

Preci itation and Centrifu ation

Carboys containing liquid effluent or the liquid effluent/peeled
raw shrimp combination were shaken to assure uniformity of liquid
effluent. The liquid effluent/peeled raw shrimp samples were first
screened on a 5 - mesh stainless steel screen to remove peeled raw
shrimp.  Peeled raw shrimp samples were placed in sterile Nasco Whirl-
Paks and re-iced!. A 2,000 ml aliquot of each liquid effluent sample was
measured in a graduated cylinder and transferred to a 4,000 ml glass
beaker. A magnetic stirring bar was inserted, and the sample beaker was
placed on a magnetic stirrer.

Initial pH measurements were taken with an Orion Model 201 digital pH
meter, and the values recorded. A 50 ml buret containing 1.0 N Reagent�
Grade HCl  C.A.S. Reg. 7647 � 01 � 0! was positioned over the sample
beaker. The magnetic stirrer was turned on and set to operate at a slow
speed. Slow  drop-by-drop! addition of the hydrochloric acid was
initiated. The pH was continually monitored until a pH in the range of
4.65 � 4.80 was reached, at which point addition of hydrochloric acid was
discontinued. Values for final pH and amount of hydrochloric acid added
were recorded.

200 ml aliquots of acidified liquid effluent samples were immediately
transferred to sterile 250 ml centrifuge bottles which had been
previously tared on a Nettler Model PK � 3600 digital scale, and the
weights recorded. Filled centrifuge bottle weights were taken and
recorded.

Bottles of acidified liquid effluent were centrifuged at 7,000 rpm
for 1 min at 40 F in a Sorvall Model RC-5B centrifuge. Supernatant
fractions were pooled, placed in sterile containers, and returned to iced
storage. Weights of centrifuge bottles containing precipitate were taken
and recorded. Precipitate fractions were pooled, placed in sterile
containers, and returned to iced storage.

Measurements for turbidity of both liquid effluent and supernatant
 clarified wastewater! were taken on fourteen of the sampling dates and
the readings recorded. Turbidity measurements were made with a Hach
Model 2100 A turbidimeter which had been previously calibrated with
standard tubes.
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Total K 'eldahl Nitro en Ammonium Nitro en and Biochemical Ox en Demand

Subsamples of liquid effluent, supernatant  clarified wastewater!,
and precipitate were collected on each of the fifteen sampling dates,
placed in sterile Nalgene plastic bottles, and stored in a -20 C
freezer. Subsamples were maintained at -20 C until after three or
four sampling runs had been completed.

The frozen subsamples were removed from frozen storage, iced in an
insulated plastic cooler, and transported to a commercial chemistry
laboratory in Pascagoula, MS �5 minutes away! on four occasions. The
subsamples were allowed to thaw overnight in a 38 F refrigerator. All
subsamples were subjected to Total Kjeldahl Nitrogen and Ammonium
Nitrogen analyses according to standard methods  AOAC, 1980!.
Subsamples of liquid effluent and supernatant were subjected to
Biochemical Oxygen Demand analyses on three occasions. Biochemical
Oxygen Analyses were conducted according to the standard Winkler Azide
Modification  EPA, 1983!.

Analyses for total aerobic plate count and fecal coliforms were
conducted on the following samples for the indicated collections:

Collection Numbers Sample Types

All sample handling and preparation, total aerobic plate count, and
fecal coliform methods conformed to standards prescribed in the F.D.A.
Bactarinln ical ~Anal tical Manual  A.O.A.C., 1984!.

RESULTS AND DISCUSSION

Preci itation and Centrifu ation

Percent recovery of solids from the peeler effluent stream was
calculated by the following formula:
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Total Aerobic Plate Count and Fecal Coliforms

1-15

1-15

1-15

1,2,4-15
9,11,13,15

9,11,13

Liquid Effluent
Supernatant
Precipitate
Peeled Raw Shrimp
Raw Head-On Shrimp
Municipal Water



Weight of Recovered Solids
I 100 ~ Percent Recovery

Weight of 200ml Untreated Effluent

Percent recovery data are presented in Table 1:

Table 1. Percent Recovery of Solids.

%Recovery, Range XRecovery, Mean Standard Deviation

1.16 � 1 ~ 94 0.261.55

The number of milliliters of 1.0 N HCI required to attain a pH in the
range of 4.65 � 4.80 varied considerably. Hydrochloric acid data are
presented in Table 2:

Table 2. Hydrochloric Acid Addition.

ml 1.0 N HC1 added,
Range

ml 1.0 N HC1 added,
Mean

Standard

Deviation

2.7 � 7.0 4.9 1.26

Figure 1 plots the relationship of the percent recovery of solids
from peeler effluent samples to the number of milliliters of 1,0 N HCI
required to attain a pH in the range of 4.65 � 4.80. Regression analysis
yielded a correlation coefficient of R ~ 0.8544. This indicates that,
despite the extremely variable nature of the peeler effluent samples, the
number of milliliters of 1.0 N HC1 required to attain a pH in the range
of 4.65 � 4.80 was a good predictor of the percent recovery which might
be expected.

Turbidity measurements, expressed as Fluorometric Turbidity Units
 FPU's!, indicated the relative levels of liquid effluent and supernatant
clarity. Turbidity data  excluding Collection 3, which was simply
forgotten! are presented in Table 3:
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Table 3. Turbidity.

Standard DeviationRange Mean

42.8
2.8

92.4

15.6
1.6

5.6

20 � 75

1.5 � 7

75 � 98

Peeler Effluent, PTU
Supernatant, FTU
Percent Reduction

The extreme variability of the peeler effluent and supernatant
turbidity data  note large standard deviations! illustrates very well the
variable conditions under which shrimp are mechanically processed. The
peeler effluent turbidity data simply indicate that at any given time, an
unscheduled "grab sample" can yield turbidity readings which may vary by
as much as 3.75 times. A composite  flow vs. time! sampler would help to
alleviate this variability. Likewise, supernatant tubidities which
result from subjecting variable peeler effluent samples to precipitation
and centrifugation may vary by as much as 4.6 times.

However, percent reduction of turbidity

 PEELER EFFLUENT TURBIDITY � SUPERNATANT TURBIDITY!

PEELER EFFLUENT TURBIDITY
X 100
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data reflect that, regardless of the peeler effluent turbidity value, the
turbidity of the supernatant will be reduced to a mean value which is
only 1.6X of the effluent. The consistency of this capability to reduce
turbidity by a mean of 92.41X is supported by the rather low standard
deviation of 5.61.

Figure 2 plots the relationship of peeler effluent turbidity to the
percent recovery of solids from peeler effluent samples. Regression
analysis yielded a correlation coefficient of R 0.80. Although
turbidity is a slightly less accurate predictor of percent recovery of
solids from the peeler effluent than the number of milliliters of HC1
added  Figure 1!, it provides an estimate of the range of recoverable
solids.

Figure 3 plots the relationship of peeler effluent turbidity to the
number of milliliters of 1.0 N HCl required to attain a .pH in the range
of 4 ' 65 � 4.80  Collections 1,2,4-15! ~ Regression analysis yielded a
correlation coefficient of R = 0.8775. This indicates that turbidity is
a very good predictor of the amount of HC1 required to attain a pH in the
range of 4.65 - 4.80. More importantly the use of turbidity measurements
to predict the amount of HCl necessary for isoelectric precipitation
would provide an effective method of on-line process control for a pilot
or production � scale effluent treatment and byproduct recovery system.



Figure 1. Percent Recovery of Shrimp Solids due to Additio~ f HCl.
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Figure 2. The Effect of Effluent Turbidity on Percent Recovery
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The results of Total Kjeldahl Nitrogen  TKN! and Ammonium Nitrogen
analyses, plus calculated Total Organic Nitrogen  TON! values  Calculated
as TON TKN � Ammonium!, are presented in Table 4:

Table 4. Nitrogen.

Precipitate,
ppm

Untreated

Effluent, mg/1
Supernatant

mg/1

46 � 188

118.7

40.2

9094 � 25, 200
15,913

4,228.6

81 � 675

233.9

139.2

Range
Mean

Std. Dev.

TKN

1-6

4.3

1.6

1-9

4.9

2.1

7 � 3710

475.1

1,132.5

Range
Ammonium Mean

Std. Dev.

80 � 666
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137.6

45 � 181

114.3

38.7

9068 � 25,174
15,394

4127

Range
Mean

Std. Dev.

TON
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Total Kjeldahl Nitrogen values were extremely variable, as evidenced
by the wide ranges and large standard deviations listed in Table 4. The
variability in untreated effluent TKN was probably due to uneven product
flow  with constant water flow! through the mechanical shrimp peelers.
Supernatant fraction and precipitate fraction TKN values were equally
variable. This was a logical result since those two fractions were
derived from the untreated effluent.

Ammonium Nitrogen, an indicator of age or degree of spoilage in
shrimp, varied somewhat more than did TKN. This is to be expected since
the age and quality of shrimp encountered during the processing season
would likewise tend to vary.

Mean percentages of TKN recovered as total organic nitrogen from
untreated effluent, supernatant, and precipitate samples were 97.8X,
96.4X, and 97 ' 3X, respectively. Although standard deviations of
calculated mean TON values for untreated effluent, supernatant, and
precipitate samples were large, the percentage of TKN recovered as
ammonium nitrogen exceeded 4.5X on only 2 occasions. This means that, in
43 of 45 instances, TON values were no more varible than their
corresponding TKN values.

Precipitation and centrifugation proved an effective method for
recovering TON from mechanical shrimp peeler effluents. Table 5 presents
TON data for untreated effluent and supernatant samples, plus percent
reduction of TON values:



Table 5. Percent Reduction of Peeler Discharge TON.

Standard DeviationRange Mean

Untreated Effluent, mg/1 80 � 666
Supernatant, mg/1 45 � 181
Percent Reduction 29.3 � 72.8
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114.3

45. 0

137.7

38.7

13.7

Biochemical Ox en Demand

Biochemical oxygen demand  BOD! determinations were conducted . on
three occasions to provide another indication of the effectiveness of
removal of organic matter from shrimp peeler effluent. The results are
presented in Table 6:

Table 6. Biochemical Oxygen Demand.

Range Nean Standard Deviation

Untreated Effluent, mg/1 1800 � 2600 2066 461.8
Supernatant, mg/1 800 � 1000 933 115. 5
Percent Reduction 44.4 � 61.5 53.8 8.7

These data suggest that roughly half of the demand for oxygen
remained in the supernatant following percipitation and centrifugation.
This is consistent with prior work in the area of shrimp protein
precipitation  Perkins, 1977!. The investigators are unsure why this
reduction cannot be exceeded. Perhaps the isoelectric precipitation
range  pH 4.65 � 4.80! was too selective. The need for further
experiments to examine the effectiveness of a two � phase precipitation
and centrifugation process appears to be in order.

Total Aerobic Plate Count.

Total aerobic plate count  APC! determinations were conducted for all
liquid samples, the various fractions derived after precipitation and
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These data suggest that roughly half of the available TON was left
behind in the supernatant following precipitation and centrifugation.
This is consistent with prior work in the area of shrimp protein
precipitation  Perkins, 1977!. The investigators are unsure why this
mean percent reduction cannot be exceeded. Perhaps the isoelectric
precipitation range  pH ~ 4.65 -4.80! was too selective. The need for
further experiments to examine the effectiveness of a two � phase
precipitation and centrifugation process appears to be in order.



centrifugation, plus raw head-on and peeled raw shrimp samples. The
results, expressed as LoglO APC, are presented in Table 7.

Table 7. LoglO Total Aerobic Plate Count.

Range, Logl0 APC/ml
Untreated Mean, Log10 APC/ml
Effluent Standard Deviation

3.11 � 5.00

4.12

0.56

Range, Log10 APC/ml
Supernatant Nean, LoglO APC/ml

Standard Deviation

0.30 � 2.83

1.51

0.51

Range, Logl0 APC/g
Precipitate Mean, LoglO APC/g

Standard Deviation

4.98 � 6. 86
5.70

0.51

Range, Log10 APC/g
Mean, Logl0 APC/g
Standard Deviation

4.52 � 5.52
5.06

0.50

Raw

Head-on

Shrimp

Range, Log10 APC/g
Mean, LoglO APC/g
Standard Deviation

3. 78 � 5. 04

4.30
0.42

Peeled

Raw

Shrimp
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All municipal water APC determinations were negative  no growth!.
Several trends can be noted based on the LoglO APC data. Mean log 10

APC/ml of the supernatant fraction was 2.61 logs less than the mean log
10 APC/ml of the untreated effluent from which it was derived.
Correspondingly, mean log10 APC/g of the precipitate fraction was 1.58
logs greater than the mean loglO APC/ml of the untreated effluent from
which it was derived. These data indicate that the precipitation and
centrifugation process concentrates colony forming units in the
precipitate fraction while reducing their numbers in the supernatant
fraction.

The mean log10 APC/g of the precipitate fraction was only 0.64 log
greater than the mean log10 APC/g of raw, head-on shrimp, and was within
the same order of magitude �0 5 !. Likewise, the mean log10 APC/g of
the peeled raw shrimp was only 0.1.8 log greater than the mean logl0
APC/ml of the untreated effluent in which it was contained. Mean logl0
APC/g of peeled raw shrimp and mean loglO APC/ml of untreated effluent
were also within the same order of magnitude �0 !.

Figure 4 plots the relationship of untreated effluent log10 APC/ml to
precipitate loglO APC/g. Regression analysis yielded a correlation
coefficient of R = 0.8775. These data indicate that there is a definite,
linear relationship between log10 APC of untreated effluent samples and
the logl0 APC of solids precipitated from them. This is especially



Figure 4. Effluent Log� APC versus Precipitate Log]0 APE
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Fecal Coliforms

Fecal coliform determinations were conducted for all liquid samples,
the various fractions derived after precipitation and centrifugation,
plus raw head-on and peeled raw shrimp samples. Fecal coliform ranges
are presented in Table 8:

Table 8 ~ Fecal Coliform Ranges,

Range, Fecal Coliforms/ml or /100gSample Type

Untreated Effluent 0 � <18

Supernatant

Precipitate

Raw Head-On Shrimp

Peeled Raw Shrimp

0 � <1.8

0 � 1700

<18 � 3500

<18 � 20

All municipal water fecal coliform determinations were negative  no
growth!.

Fecal coliform counts for untreated effluent samples ranged from 0�
<18/ml. Specifically, counts of 0 were noted on 5 occasions, and counts
of <1.8/ml were noted on 7 occasions. Otherwise, counts of 4/ml, 7.8/ml,
and <18/ml were each noted on one occasion.

Fecal coliform counts for supernatant fractions ranged from 0
<1.8/ml. Specifically, counts of 0 were noted on 6 occasions, and counts
of <1.8/ml were noted on 9 occasions. This represents a slight
improvement over untreated effluent fecal coliform counts.

Fecal coliform counts for precipitate fractions ranged from 0 � 1700.
Specifically, counts of 0 were noted on 3 occassions, counts of <18/100g
were noted on 4 occasions, counts of 18/100g were noted on 3 occasions,
and counts of 45/100g were noted on 3 occasions. Otherwise, counts of
20/100g and 1700/100g were each noted on one occasion. Discounting the
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remarkable when consideration is given to the widely variable � logs!
range of APC values noted in the untreated effluent.

Figure 5 plots the relationship of untreated effluent log10 APC/ml to
supernatant logl0 APC/g. Regression analysis yielded a correlation
coefficient of R ~ 0.8185. These data indicate that there is also a
linear relationship between log10 APC of untreated effluent samples and
the log 10 APC of the supernatant remaining after precipitation and
centrifugation. The data contained in Figures 4 and 5 provide good
models for predicting rates of recovery of colony forming units in the
precipitate and supernatant fractions following precipitation and
centrifugation of peeler discharge samples.



Figure 5. EffIuent Log� API" versus Supernatant Log 1 0 Al C
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one high count of 1700/100g, these data suggest a slight reduction in
quality from untreated effluent fecal coliform counts.

It should be noted that the precipitate fecal coliform count of
1700/100g occurred on the same collection date �7/27/87! when a fecal
coliform count of 3500/100g was noted in a sample of raw, head-on shrimp.
This leads the investigators to assume that raw product contaminated vith
fecal coliforms will logically produce precipitated shrimp protein which
is also contaminated with fecal coliforms.

Fecal coliform counts for raw, head-on shrimp samples of <18/100g,
45/100g, 110/100g, and 3500/100g were each noted on one occassion. These
data serve to provide a base of understanding about the wide diversity in
quality of raw product entering the mechanical shrimp peeler.

Fecal coliform counts for samples of peeled raw shrimp ranged from
<18/100g � 20/100g. Specifically, counts of <18/100g were noted on 9
occasions, and counts of 18/100g and 20/100g vere each noted on one
occasion. Obviously, passage of shrimp through a mechanical peeler  at
the rate of one pound of shrimp per 8.6 gallons of water! serves to
reduce the amount of fecal coliforms found in the final product.

RECOMMENDATIONS

Based on the results of this initial bench-scale project, the
following recommendations are made:

Reductions in supernatant TON, BOD, and turbidity are significant
enough to warrant continued experiments to increase the
effectiveness of the precipitation and centrifugation process.

Precipitated shrimp byproduct, quality is sufficient to varrant
continued recovery efforts.

Scale-up to a pilot plant installation to recover larger
quantities of solid material from mechanical peeler effluent.

Assess quantity and quality of solid materials recovered from
pilot � scale recovery system.

Assess effectiveness of reduction of organic matter from
mechanical shrimp peeler effluent by pilot � scale recovery
system.

Assess market potential of recovered solid materials by allowing
key food research and development laboratories to further test
samples.

Determine economic viability of the pilot � scale effluent
treatment and byproduct recovery system.
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FREEZE-THAW CONCEN'.PRATION OP SHELLPISH

EXTRACT AND ITS PLAVOR PROPILE

Charles N. Jayarajah and Chong M. Lee
Department of Food. Science and Nutrition

Uaiversity of Rhode Island
Kingston, RI 02881.

INTRODUCTION

Shellfish flavor imparts distinctive taste to
surimi-based products, soups and. souces. Eowever, the method.
currently followed in the extraction process often results
in the loss of aromatic and flavor-giving compounds. The
flavoring agents presently marketed are in either natural or
artificial versions. Natural flavor extracts are often used
in combination with artificial source to achieve maximum
efffect. Due to consumer preference, natural flavor extracts
are added, as a principal constituent.

The first and, one of the most important stages of
extraction process is the selection of cost efficient aad
relatively abundant supply of raw materials, Shellfish
waste weighing thousands of pounds are generated. from
seafood, processing plants annually  Eood et al, 1976!.
Lippincott and Lee   1984! reported that meat of lobster
bodies comprising 14% of the overall flesh is often
discarded. as waste. These bodies also resulted in waste
disposal problem. The meat of these bodies are suitable for
flavor extraction process. In an earlier work done by
Eayashi et al �981! on omission aad addition tests of
sensory analysis stated that the characteristic taste of
shellfish is contributed by 44 water soluble extractive
components. The major water soluble extractive components
of shellfish are amino acids, aucleotides, organic bases,
sugars, organic acids and minerals  Konosu et al, 1978,
Eayashi et al. 1978 and. Eayashi, 1979!. The commercial
natural flavorings at present are produced by a traditional
evaporatioa technicpxe which culminated in the development
of an off-flavored and dark product. To overcome these draw
backs as well as to meet the ever increasing demand for
natural shellfish flavors, a non-thermal process was
developed.. Freeze-thaw concentration and. freeze
concentration processes were compared to determine the
possibility of recovering shellfish notes in the
preconcentrate. Although one is concerned with the retention
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of all the flavor givt.ng components ia the preconcentrate,
in this paper only the important amino acids are
~antitatively identified. to evaluate the feasibility of the
approach.

MATERIALS AND METHODS

Lobster bodies   ! were collected from
shellfish processing plants and were frozen stored. until a
reasonable quantitity was reached. A flov diagram of the
method, followed is shovn in Fig. 1. These bodies vere thawed.
in water to fascilitate the removal of carapace aad sandy
substances. The carapace removed. body vas vashed in a jet
stream of water to discard the unwanted entrails. The
cleaned. bodies were ground, at moderate speed, vithout the
perforated. cutting plate. This procedure enables water to
get in contact vith increased meat area. The minced. bodies
vere combined with water weighing half the weight of mince
and steam � cooked for 20 minutes. This step destroys spoilage
causing eazymes and may also help in reducing
microorganisms. The cooked. mince vith vater was filtered
through a cheese cloth and the filtrate vas collected. This
product vas referred to as the first extract. The reteatate
containing minced meat vas pressed. in a hand press using a
pressure of 2000 psig to recover the juice from the meat.
The juice from this step vas combined with the first extract
to obtain final pool of extract. The pooled extract was
centrifuged at 4500 rpm in a refrigerated centriguge for 10
miautes. The supernatant vas collected and. f~rther subjected
to freeze-thaw concentration and freeze concentration
processes.

% solute X volume of con.
% solids recovered -----------------

% solute X feed volume
X 100
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In the feed vas frozen
in different size blocks at varying temperatures. The frozen
blocks vere thawed. on the next day at different time
intervals. The partially thawed blocks vere filtered under
vacuum pressure. The resulting concentrate vas referred, to as
freeze- thav concentrate. ln t , the feed
vas crystallized by dry ice ia isopropanol cooling medium.
The slurry was cenrtrifuged and. the concentrate vas separately
collected, from ice crystals. This vas referred to as freeze
concentrate. The recovery rate for flavor giving
constituents was calculated by using erpxation as follovs:
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Fig. 1-Flow chart of flavor recovery process,
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Chemical analysis

Proximate analysis vas done according to AOAC �975! on
raw body flesh, feed stream, freeze concentrate and
freeze-thaw concentrate. Total protein nitrogen content of
the products vas obtained by Kjeldahl method.. Non-protein
nitrogen content vas also determined by Kjeldahl method
after precipitating the protein with 10% trichloroacetic
acid..

Amino acid analysis

Acid hydrolysed as well as the non � hydrolysed portions
of flesh, feed and concentrates vere analysed for amino
acids by Perkin-Elmer computerized. HPLC unit equipped with
a reverse phase cation exchange column.

RESULTS AND DISCUSSION

The proximate analysis results obtained for rav lobster
flesh. feed. stream, freeze concentrate and freeze-thaw
concentrate are shown in Table 1.

Table.1-Proximate composition of sample

The total protein. nitrogen content of flesh vas 13.56%.
Out of this non-protein nitrogen portion constituted, 5.33% of
the total protein nitrogen. The fat content of feed and
concentrates vas very much lower than the flesh. This has an
added advantage as it has been reported that the flavor
components with fat in aqueous medium undergo hydrolysis
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 Chang and. Reineccius, l985!. A seven percent iacrease in
non-protein nitrogen was observed in case of freeze-thaw
concentrate compare to freeze conceatrate. Here non-protein
nitrogen fraction is of primary interest since it constituted
peptides and free amino acids.

The effect of recovery rate on freeze-thaw concentration
is shown in Table 2. The percent total solids in the
coacentrate increased up to 575 ml size frozen block.
Beyond. this size, an increment in the block size
drastically reduced the total solid content. Percent volume
reduction ia concentrate aad the ratio of concentrate
volume to feed volume also showed a minimum value for the
block size of 375 ml.

Table 2-The effect of recovery rate on freeze-thaw
coacentration.
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Fig. 2 shows the optimum thawing time for uniform sized.
frozen blocks, The blocks thawed. for 30 minutes, recovered
relatively. a good. quantitiy of solids within a short time.
Among the temperatures studied, blocks frozen at -12' C gave
a maximum recovery rate.
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Fig. 2-The effect of thawing time on recovery rate.

The effect of block size on flavor recovery rate is
illustrated in Fig. 3. The block size with the capacity of 375
ml showed maximum recovery rate. A decline in flavor recovery
was noticed, when the block size exceeded. 375 ml. Freeze

concentration was compared with freeze-thaw concentratio~ with
regard. to performance.

245



For this purpose, the concentrate from the freeze
concentration was recrystallized five times to reach a
recovery rate closer to the value of freeze-thaw concentrate
done under optimum conditions. Freeze-thav concentration
showed. a tvo fold increase in total solid, content vith
substantially reduced water content.
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Fig. 3-The effect of block size on recovery rate.

The HPLC profile of acid, hydrolysed, lobster body flesh
is presented in Fig. 4. The number of major amino acids'
quantified vere 18. The most abundant amino acid in lobster
body muscle vas glutamic acid� followed by aspartic acid�
lysine. arginine. leucine, alanine, proline, glysine,
isoleucine. valine, phenyl alanine. threonine, tyrosine,
serine, methionine and histidine. The least abundant vas
taurine. Among these only three amino acids namely,
glycine. arginine and glutamic acid are reported to play a
key role in producing shell fish-like taste  Take et al,
1964 and Hayashi et al, 1981!.

The ~antitative data, of these three acid hydrolysed
amino acids from the flesh, crude water extract,
supernatant and sediment are shown in the form of bar
diagram in Fig. 5. The water soluble extract vas observed
to recover 20% of glycine, 10% of arginine and 8% of
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Fig. 4-Amino acids of acid hydrolysed lobst;er body muscle.
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glutamic acid from the lobster body meat. A 10% decrease
in the levels of all three amino acids was noticed. in the
feed vhen it vas compared vith extrat. The sediment
collected from the centrifugation step, as such contains a
slightly reduced quantities of amino acids to that offlesh. 20

1 800

1600

r +00

S 1200

800

600

oo

H QX7JRACT SUJET'. SKD.
300

250

g 200 t
'6

g
I 1@Or

100 I

8 50

Fi~ phraser SUP.

Fig. 5-The important flavor giving amino acids of samples
analysed.
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The bar diagram of fig. 5 also, illustrates the amount
of hydrolysed amino acids obtained from non-protein
nitrogen fractions of flesh, extract, feed. and sediment.
Glycine vas the predominant amino acid of the three
quantified. Camien et al �951! analysed. aon-protein
nitrogen fraction of lobster muscle and reported that
glycine vas the most abundant amino acid. Reduced levels of
arginine and, glutamic acid vere noticed. This could, mean
that these amino acids were present in the form of protein
nitrogen and glycine in free and short peptide chaias.

The performance of freeze conceatration and freeze-thaw
concentration in terms of retaining amino acids are shova in

in fig. 6. ! 000
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Fig. 6- Comparison of freeze-thaw concentration and. freeze
concentration processes.

Freeze-thav concentration was observed to concentrate 10
times of that of freeze concentration method. The bar chart of
hydrolysed fraction of concentrates shows a 15 fold. increase
in glutamic acid.

CONCLUSIONS

Among the three main processes currently used, namely �!
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freeze concentration, where vater is separated in ice form
�! membrane separation, where water is removed in li~id
state as water and. �! evaporation with water removal in the
gaseous state as vapour, the former two are suitable for
shellfish flavor extraction process. The freeze-thaw
concentration process vhich vas developed in thi.s study
recovered. fairly highly levels of flavor giving constituents
compare to freeze concentration. The freeze-thaw
concentration method, is diferent from the continuous freeze
concentration technique with regard to ice crystallization
and solid phase separation process. In the former technique
the solid phase transfer is accomplished by slow melting of
a large ice block, vhereas the latter one is performed, by
conti.nuous formation of small ice crystals from the water
phase. A prelimiary study conducted with plate and. frame
reverse osmosis membrane separation unit vhich is of the
type used by Ohya et al �981!, indicated that a relatively
good quantity of water could. be separated  Jayarajah and
Lee, 1986!. Considering the fact that the demand. for
surimi-based products vill increase in the years to come, an
increased requirement for a good natural flavoring agent is
antici.pitated,.
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INTRODUCTION

Recovering and marketing products of higher value from
fishery wastes can reduce rising disposal costs while increasing
profits and employment for the nation's seafood industry. The
blue crab industry which yearly generates approximately 180
million pounds of crab by-products has been particularly
vulnerable to waste disposal problems  Murray and DuPaul, 1981!.
Steam-processed blue crabs yield approximately 104 picked meat, by
weight. Remaining by-products are discarded or further processed
as crab meal which sells for $100 to $150 per ton  Murray and
DuPaul, 1981!. Mechanical extraction of minced meat from crab
picking by-products could recover an additional 15 to 204 edible
meat. Nationally, annual recovery of minced crab meat could
approach 30 million pounds  Thompson, 1985!. Minced meat
currently sells for $0.70 to $1.00 per pound and is used as an
extender in deviled crab, seafood stuffings, soups, and chowders.

Grey-to-brown appearance and high microbial levels limit
marketability. Minced meat produced in Georgia is packed in ring-
sealed, five-pound plastic tubes and pasteurized in hot water,
which further darkens the product. High tube-failure rates have
forced processors to freeze meat for wholesale distribution.
Processors market meat with poor knowledge of nutritional,
sensory, and storage qualities. Improved quality would increase
market demand, and new products could expand sales through
production of white and claw meat analogs.

The following describes pre'Iiminary findings of a Sea Grant
research project to improve quality and appearance of minced blue
crab meat. Yields, chemical, sensory, microbiological, and nutri-
tional qualities were determined for meats extracted from picking-
room by-products. In-plant methods to reduce microbial loads were
investigated. Low-temperature pasteurization and chemical
additives were evaluated for potential reduction of heat-related
darkening or "blueing." Chemical, sensory, microbiological, and
nutritional changes in mixed minced meat and minced claw meat were
monitored monthly during frozen storage at less than -4'F  -20'C! ~

METHODS

Hinced meat was extracted from picking-room by-products of
mechanically-backed  C. and K. Lord Backing Machine, Cambridge,
MD!, hand-picked, steam-retorted blue crabs using a Baader 694
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deboning machine. Drum perforations were 1.3 nm. Two cooperating
blue crab processors provided plant time and equipment for the
project.

Picking-room by-products were separated into four components
to evaluate extracted meat types and yields for the followinga

1. Mixed minced meat � recovered from all picking-room by-
products except claws

2. Minced white meat � recovered from "slabs" removed by the
pickers first dorsal cut, containing only white body
meat

3. Minced leg meat � recovered from separated legs and swiraning
legs

4. Minced claw meat � recovered from separated claws

Chemical and nutritional parameters determined in duplicate
for minced meat samples includeds percent moisture, percent
Kjeldahl protein, percent ash, and percent fat  Williams, 1984!.
Microbiological quality was assessed through duplicate standard
plate counts, MPN total coliforms, MPN K. coli, and MPN coagulase
positive staphylococci analyses  Food and Drug Administration,
1978' Speck, 1984!. An ACS Spectro Sensor was used to read minced
meat Hunter L, a, b color values  Hunter and Harold, 1987!.

A trained fiv~nember sensory panel determined appearance,
flavor, odor, and textural characteristics of extracted minced
meat  Cardello, 1981I Civille and Szczesniak, 1973I Civille and
Liska. 1975> Gates et alee 1984ag Jellinek, 1985!. Sensory
profiles were developed for unpasteurized and pasteurized minced
meat samples:

i. ~glue in c ba abviaus biueing is g. 1004 blueing is 6.

2. Wet-to-dr a earance~ 0 is dry, 6 is free 1 iquid draining
from sample.

3. Amnonia odors 0 is none detectable, while 6 is the odor of
free amnonia that would strongly irritate the nose and eyes.

4. Cooked-crab adora 0 is none detectable, 6 is an overwhelming
crab aroma reminiscent of the odors evolved from steaming
crabs.

5. Putrid< 0 is none detectable, 6 is the odor associated with
rotten meat.

6- Fish or TMA odors 0 is none detectable, while 6 indicates
the "fish" odor associated with old fish that are getting
"off" and are barely edible.
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Cereal odori 0 is none detectable, while 6 indicates a
strong cereal-bread-yeasty aroma.

7 ~

Moistnessc The perceived degree of oil and/or water in the
smnple during chewing. 0 is a very dry sample, 6 indicates
free liquid readily oozing from the sample.

Fibrousnesse The perceived degree  number x size! of fibers
evident during mastication. 0 is no fibers evident, 6
indicates many large fibers.

2 e

Adhesivenesss The force required to remove mater ial that
adheres to the mouth during the normal eating process.

3 ~

0 ~ no adhesion

3 ~ cream cheese
6 ~ peanut butter

4. Ghewinessa The length of time required to masticate a sample
at constant rate of force to reduce it to a consistency
suitable for swallowing.

0 Rye bread
2 Jujubes
4 Black cow candy
6 Tootsie rolls

Particle sizes Average size of particles detected during
mastication.

0 smooth

chalky
2 ~ gritty
3 ~ grainy
4 ~ coarse
6 ~ chunky

6. Cookedmrab tastes Relative strength of crab taste.
0 ~ none detected, 6 ~ overwhelming crab taste.

~Astrin entp 0 none detected. 6 the feeling of pure alum.7.

8. Sournessa Relative strength of acidic components, 0 ~ none
detected, 6 pure lemon juice or vinegar.

~Rancldit 6 The after taste associated with country ham. 0
none detected, 6 ~ objectionable rancidity  old country ham!.

9.

Freezerburnc The taste associated with a stale refrigerator
or freezer that has been used to store food. 0 ~ none

detected, 6 ~ overwhelming taste.

10.
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minced crab meats



11. Old-seafood flavort The aromatics associated with cooked

seafood that is getting "off" but still acceptable. 0
none detected, 6 overhweiming taste of seafood that has
developed strong off flavors and is barely edible.

Bacterial levels in mixed picking-room by-products were
evaluated during four hours of iced- or room-temperature storage
to determine the most effective holding condition and maximum
acceptable storage period before extraction.

Effects of low-temperature pasteurization, 177'F  80.5 C!,
and blueing inhibitors on minced meat color were determined for
mixed minced and minced white meat samples pasteurized in eight-
ounce aluminum cans. The following buffer deveioped by the
National Marine Fisheries Service was used in the additive portion
of the study  Waters, 1971!.

Na MPOH3lfiH!I!
NaC

20.79 g
16.64 g
21.99 g

Sodium phosphate, citric acid, and sodium chloride were diluted to
one liter with deionized water to complete the buffer. Five low-
temperature pasteurization treatments of minced white meat and
mixed minced meat were evaluated at 177 F  80.5'C!I

1. 8 ounces �26.8g! of minced meat

2. 8 ounces �26.8g! of minced meat plus 64 ml buffer

3. 8 ounces �26.8g! of minced meat plus 64 ml buffer well
mixed

4 ~ 8 ounces �26.8g! of minced meat plus 91 ml buffer

5. 8 ounces �26.8g! of minced meat plus 91 ml buffer well
mixed

Bufferiwas either poured into a can of meat without mixing or
thoroughly stirred into the meat prior to sealing. Meat was
pasteurized for three hours at 177'F  80.$'cj to Ftii 37 i5
Cool ing was 1.5 hours in an ice slurry at 37.44F �'C!. Three
cans of meat were composited for duplicate chemical,
microbiologica'I, color, and sensory analyses.
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Pasteurization times, temperatures, and F-values were
determined f' or meat packed in five-pound plastic tubes using a
Digitec temperature recorder linked with an IBM-XT  Gates et alee
1984b !. Initial pasteurization temperatures were reduced to 1E2'F
 83.3 C!. because processors noted excessive blueing of meat
pasteurized at 186'F  85.5'C!. Product color was evaluated by the
sensory panel and by Hunter L, a, b color values  Boon, 1975I
Strasser et alas 1971' Waters, '1971!.



Mixed minced meat and minced claw meat used for the frozen-
storage study were packaged in 5 mil, low-density, polyethylene
tubes containing approximately one pound of meat. Tubes were
sealed at each end with steel rings, pasteurized in a hot water
bath at 182'F  83.3'C! for 180 minug~s, and cooled in an ice
slurry for 90 minutes. The mean F $5 value was 44. Meat was
blast-frozen at -11.2'F  -24'C!. !amples were held in a walk-in
freezer at less than 4 F  -20'C!. Chemical, sensory,
microbiological, and nutritional changes were monitored monthly
for nine months to date. Three tubes of meat were composited for
duplicate analyses'

Chemical, sensory, microbiological, color, and nutritional
differences in minced meat smnples were statistically compared
using Personal Computer SAS  Joyner, 1985' Sasser, 1985!.
Differences among means were determined using the GLM procedure
and Duncan's multiple-range test  Joyner, 1985!. In the remainder
of' the paper, "significant" refers to statistically significant
differences among means at the 0.05 level.

RESULTS AND DISCUSSION

Minced meat yields based on uncooked green crabs were'

3.184
13.894
10. 714

2.6A
6. 394

minced white meat
mixed minced meat
mixed minced meat less "slabs"
minced leg meat
minced claw meat

76.634
59.454
40.444
38.Opt

minced white meat

mixed minced meat
minced leg meat
minced claw meat

Mean proximate analyses of the four meat types are presented
in Table 1. Minced leg meat had signif icantly higher moisture
levels than minced white or claw meat. Moisture contents of
minced leg and mixed minced meat were significantly greater than
minced claw meat. Minced white meat moisture content was
significantly less than that of minced leg meat. Minced leg meat
had significantly lower ash content than other meat samples.
Minced claw protein levels were significantly greater than mixed
minced meat. Fat levels were low for all minced meats, but claw
meat had significantly less fat than leg meat which had
significantly lower fat levels than white or mixed minced meat.
Mixed minced meat had significantly greater moisture-free ash
content than other meats. Leg meat had significantly greater
moisture-free protein levels than mixed or white minced meat.
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Total recoverable minced meat was approximately 224 of an uncooked
crab's weight. Yields based on by-product type as the starting
point were<



Table 1. Mean Proximate Analyses with Duncan's Analyses of
Differences Among Means for Minced Crab Meat*

ANALYSESANALYSES

Moisture Heat AshMeat

Protein MeatHeat Fat

Meat Hoistur~ree Ash Heat Moisture-Free Protein

+Means with the same letter are not significantly different at the
0.0 level

Tab le 2 presents mean Hunter color L, a, b results for the
four meat types. Mean L values are significantly different for
a» minced meats. Order of decreasing whiteness is< white,
mixed, claw, and leg. Mean Hunter a values show mixed minced to
be significantly more red than other meats. Blue components  b
values! of mixed and ~hite minced meat are significantly greater
than blue components of claw and leg meat.

Table 2. Mean Hunter Go'lor L, a, b Values with Duncans Analyses
of Differences Among Means for Minced Grab Meat*

NEAT L MEAT a MEAT b

* Means with the same letter are not significantly different at
the 0.0 level

Mean sensory appearance and odor ratings for minced meat
samples are reported in Table 3. Leg meat appeared to be signifi-
cantly more wet than white meat. Leg meat had significantly
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Leg
Hi xed

White

Claw

G'law

White

Leg
Mixed

Mixed

White

Leg
C 1 aw

White

Hixed

G law

Leg

81.54A
81.02AB
78 F 29 BC
77.99 G

18.54A
16.79AB
16.75AB
14.91 B

».48A
9. 40B
8 ' 53B
8.36B

61. 43A
54.96B
46.25G
41.21D

Mixed

Leg
G 1 aw

White

Mixed

White

Claw

Leg

White
Ni xed

Leg
G law

Leg
Claw
Nixed

White

4.88A
3.11B
2.87B
2.49B

2 ' 39A
2.04AB
1.85AB
1.57 BC

1. 73A
1. 12A

0. 29B
0. 13C

90. 71 A
84 ' 23AB
79.31 B
77 ' 42 B

Mixed

White

C 1 aw

Leg

13-06A
12.34A

5 ' 25B
4.70B



stronger ammnia odors than white meat. No significant differ-
ences were determined for cooked crab or putrid odors. Leg meat
had significantly greater TMA odor ratings than other minced meat.
White meat cereal odor was significantly less intense than other
meats.

Table 3. Mean Hedonic Appearance and Odor Ratings with Duncan's
Analyses of Differences Among Means for Minced Crab
Meat*

HEDONIC RATINGHiEDONIC RATING

Aslnonla OdorMeat Wet-Or A earance Meat

Cooked-Crab Odor Putr>d OdorMeat

TMA Odor Cereal OdorMeatMeat

*Means with the same letter are not significantly different at the
0.0 level

Textural prof iles of minced meat determined by the sensory
panel are presented in Table 4. Claw and leg meat were
significantly more moist than white meat. Claw meat was rated as
significantly more fibrous than mixed minced meat. No significant
differences were determined for adhesiveness or chewiness. White
and claw minces had significantly larger particle sizes than mixed
minced meat.

Mean hedonic flavor prof iles for the four minced meats are
shown in Table 5. Mixed mince meat had a significantly greater
astringent feeling than other meat. Claw meat rated significantly
higher old-seafood flavors than other minces. No significant
differences were determined among minced meats for sour, rancid,
or freezer-burn flavors.
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Leg
C law

Mixed

White

C I aw

Leg
White

Mixed

Leg
C I aw

Mixed

White

4.07A
3.57AB
3.00 8
2.50 C

3 ' 29A
2 ' 64A
2.57A
2.57A

1. 43A
0 ' 578
0.368
0. 148

Leg
Mixed

C 1 aw
White

Leg
Claw

Mixed

White

Claw

Mixed

Leg
White

1.93A
1 ~ 14AB

1.07AB
0.43 8

0. 29A
0. 14A

0. 14A
O.OOA

3 ~ 57A
3.43A
3.14A
1.938



Table 4. Mean Hedonic Textural Ratings for Pasteurized Minced
Meat with Duncans Analyses of Differences Among Means*

HEDONiC RATING HEDONIC RATINGHEDONIC RATING

Neat Ho stness Heat Fibrousness Neat Adhesiveness

article

SizeNeat Chewiness Meat

* Means with the same letter are not significantly different at
the 0.0 level

Table 5. Mean Hedonic Flavor Ratings for Pasteurized Minced Meat
with Duncan's Analyses of Differences Among Means+

HEDONIC RATING

Heat Cooked-Grab Taste
HEDONIC RATING

Meat Astrin ent Taste

Meat Rancid TasteSour TasteMea't

Neat Freezer-Burn Taste Meat Old-Seafood Taste

o.67a
0.50AB
0. 'I 7AB
0 F 00 B

*Means with the same letter are not significantly different at
the 0.05 level

Mi~ced me!t exhibited excessive microbial levels, ranging
from 10 to 10 organisms per gram  Figure 1!.
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C 1 aw

Leg
Mixed

White

White

C 1 aw

Leg
Mixed

Leg
Mixed

White

C I aw

M I xed

Leg
C 1 aw

White

C 1 aw

Leg
Mixed

White

3.58a
3.33A
3.o8aB
F 25 B

1 ~ 92A
1. 33A
1. OOA

o.83a

3. 33A
2.92A
2.58a
2.42a

O. 17A
0 ~ OOA

O.OOA
O.OOA

O.OOA
O.OOA

O.OOA

O.OOA

Claw

White

Leg
Mixed

3.00A
2.67AB
1. 92AB
1 ~ 75 B

Mixed

Leg
Claw

White

Claw
Nixed

Leg
White

C 1 aw
Hixed

Leg
White

Leg
C 1 aw

White

Mixed

White

C 1 aw

Leg
Hixed

2 ' 33A
1. 08B
1.O8B
0.92B

0. 50A
0. 17A
0. OOA

O.OOA

2.o8a
2.00a

1. 75a
1. 58A

2.58a
2.50A
1. 58AB
0.83 B



PASTEURITZD AD UNPASTBURlZED lGNCED CRkB REST

AER08IC PLATE COUNTS

'IO UW'AVERRED PA5lflgI2ED
ThfAneNT OF WCKD I%AT

~ cuw ~ exm K2I Lse RZI mlm

Figure 1. Mean minced meat aerobic plate counts before and after
pasteurization

Pasteurization at 182'F  83.3'C!  F185 44! reduced plate
counts to less than 3,000 organisms per gram  Figure 1! ~ No total
coliform, E. coli, or coagulase positive staphylococci were
detected in pasteurized meats. Hourly clean-up and sanitation of
the Saader machine improved product qualityT however, by-product
microbial levels increased rapidly when held in the picking room
at room temperature. Extraction within 1.5 hours of picking
sho~ed little increase in the microbial population of mixed by-
products. Delayed extraction beyond 1.5 hours required icing of
picking-room by-products within plastic bags at a ratio of 2> 1
ice-to-product to control microbial growth  Figure 2!. Sy-product
temperature dropped below 40'F �.4'G! within 70 minutes of icing
 Figure 3!.

Pasteurization at 182'F  83.3'C! effectively reduced
microbial levels for all minced meats  Figure 1!T however, meats
darkened following pasteurization. Hunter color L, a, b values
before and after pasteurization are presented in Figures 4, 5, and
6, respectively. Hunter L or whiteness decreased f' or all
pasteurized meats  Figure 4!.

Hunter a or redness decreased for all pasteurized samples
 Figure 5! ~ Hunter b values decreased for all pasteurized
samples, indicating increased levels of blueing  Figure 6!.
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CRILB PICKNG BYPRODUCT lQCROBQL LIPID

ROOM TEMPERATURE VS ICED STORAGE

IE+07

I K+00

IE+OS 0 I 2 4
TIME SI HOURS

~ PLATE COUNTS  ROOM TEMPER'ATURK! + KNIKROCOCL2  MOM TEA%%TURK!
o PLATE COUNTS  ICEO! ~ KNTBLOCOCL2  CKO!

Figure 2. Mean microbial levels of mixed picking-room by-products
held on ice and at room temperature

PiCKiNG BYPRODUCT TNCPERAVURE PROPKR

HEU! ON ICE AND AT ROOM TEMPERATURE

120 100 200 2'

1IME H MIIAIIES
ROOM TEMPERATURE � RN ~TURK � ICKO SYPROOUCT
ICEO SYPROOUCT � SYPRLNUCT AT ROOM TEMP. - - SYPROOUCT AT ROOM TEMP.

Figure 3. Temperatures of mixed picking-room by-products held on
ice and at room temperature for four hours
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lBBITBR L COLOR DATA FOR MlNCBD KELT

SLACK~0, CREY~SO, WHITE~100

10

Figure 4. Mean Hunter L color values for leg, claw, mixed, and
white minced meat before and after pasteurization at
182'F  83.3 C!

HUM.'BR a COLOR DATA FOR LGNCBD REJLT

ORKEEP � ~ REO ~ +

Figure 5. Mean Hunter a color values for leg, claw, mixed, and
~hite minced meat before and after pasteurization at
182'F  83.3'C!
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HUNTER b COLOR 9k' FOR MINCED i%AT
SLUK ~ �, YELLOW ~ +

12

10

Figure 6. Mean Hunter b color values for leg, claw, mixed, and
white minced meat before and after pasteurization at
182 F  83.3'C!

Hunter color L, a, b values for minced white meat and mixed
minced meat pasteurized at 177'F  80.5'C! and 182 F  83.3'C! are
presented in Figures 7 and 8. respectively. Minced white meat
pasteurized at 177 F  80.5'C! was significantly more white and
less blue than meat pasteurized at 182'F  83.3 C! as indicated by
Hunter L and b values, respectively  Figure 7!. White minced meat
blended with 64 ml of buffer was significantly whiter than
untreated ~hite minced meat when both were pasteurized at 177'F
 80.5'C!. Unpasteurized white minced meat was more red or had
greater a values than all pasteurized white meat. All treated
white minced meat except for the unblended sample containing 64 ml
of buffer exhibited less blueing or higher b values than untreated
meat pasteurized at 177'F  80.5'C!. There was no significant
difference between unpasteurized white minced meat and meat
treated with 91 ml of phosphate buffer.

Mixed minced meat pasteurized at 177 F  80.5'C! was
significantly whiter as indicated by greater Hunter L values than
meat cooked at l82'F  83.3'C!  Figure 8!. Hunter b values showed
significantly more blueing at 182'F  83.3'C! than at 177 F
 80.5 C!. Mixed minced meat treated with buffer and pasteurized
at 177'F  80.5'C! was significantly whiter than untreated meat
pasteurized at the same temperature. Mixed minced meat treated
with phosphate buffer was significantly more red than
unpasteurized mixed minced meat.
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lGNCED %HITE LOW TEMPERATURE/kDDlTÃR PkSTSUEKATION
MEAN HUNTER COLOR

10

MfXED ~ P$1 P$1$ P$E PSEM

IEXED ISCE0 1K' 1$EATQENI$
ggi L-1$E ~ e-1$E ~ b-1$2
~ 1.-177 ~ e-177 ~ b-177

Mean Hunter L, a, b color values of mixed minced meat
pasteurized at 182'F  83.3 G! and 177'F  80.5'C!,
including added buffers at 177 F  80.5'G!i mixed ~
unpasteurized, P~ixed pasteurized, PB1 64 ml
phosphate buffer, PB1M 64 ml buffer mixed, PB2 ~
91 ml phosphate buffer, PB2M ~ 91 ml phosphate buffer
mixed

Figure 8.
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P$1 P$1M P$2 P$EM

MPIEQ wHIK ICAT 1$EAllaNT5

PP L I77 Q 177 8 b-177
Figure 7. Mean hunter L, a, b color values of minced white meat

pasteurized at 182'F  83.3'C! and 177'F  80.5'C!,
including added buffers at 177'F  80.5'C!i white ~
unpasteurized, Pwhite ~ pasteurizedi PB1 ~ 64 ml phos-
phate buffer, PBlM ~ 64 ml buffer mixed, P82 91 ml
phosphate buffer, P82M ~ 91 ml phosphate buffer mixed

MKBD lQNCED L0% TJQQ'BRKTURE/ADD1TDtE Pk.'3TlHHKhlTLON
QEAN HUNTER COLOR



Pasteurized minced meat was separated into three significantly
different leve'Is of increasing blueing by Hunter b valuess �!
meat blended with phosphate buffer, �! meat treated with
phosphate buffer without blending, and �! untreated meat.
Pasteurization at 177'F  80.5'G! effectively reduced bacterial
populations. Total aerobic plate counts for pasteurized mixed
minced and minced claw meat ranged from none detected to 160
organisms per gram. No total coliform, E. col i, or coagulase
positive staphylococci were detected.

Mixed minced and minced claw meat stored at less than W'F
 -20'C! exhibited no significant differences in the following
parameters during nine months of frozen storageI �! proximate
composition, �! blueing, �! wet-to-dry appearance, �! aIIsIIonia
odor, �! cooked-crab odor, �! TMA odor, �! cereal odor,  8!
perceived moistness,  9! f ibrousness,   10 ! adhesiveness,   11!
chewiness, �2! particle size, �3! cooked-crab taste, �4!
astringent taste, or �$! sourness.

The sensory panel rated minced claw meat significantly more
putrid in the ninth month of frozen storage than meat evaluated in
months zero through seven  Figure 9!. Claw rancidity was
significantly greater in month nine than all other samples  Figure
9!. Figure 10 shows minced claw freezer-burn levels to be
significantly greater in month nine than levels found in months
one through three. Old-seafood flavors were significantly greater
in month nine than all other sampled months. Mixed minced meat
rancid levels were significantly greater at months six and nine of
frozen storage. Old-seafood flavor levels peaked for mixed minced
meat during month nine of the frozen-storage study.

lQNCRO CIA AND lGXED RBfCRD FROZEN STORAGB
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Mean minced claw and mixed minced meat hedonic odor

and flavor ratings that were significantly different
during nine months of frozen storage

F igure 9.
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Figure 10. Mean minced claw and mixed minced meat hedonic flavor
ratings that were significantly different during nine
months of frozen storage
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Mean Hunter L, a, b values determined for minced claw
and mixed minced meat during nine months of frozen
storage

Figure 11.
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Both claw and mixed minced meat darkened with time as
indicated by decreasing Hunter L values  Figure 11!. Significant
negative regressions were determing between time and Hunter L
values. Claw and minced meat had r values of 0.41 and 0.48,
respectively.



CONCLUSIOHS

Blue crab picking-room by-products were separated into four
components prior to extraction with a Baader 694 machine. By-
product types weres �! "slabs," the portion of hand-picking by-
product containing only white body meatI �! mixed by-product that
includes all picking-roam by-products but clawsi �! separated
legs< and �! separated claws. Minced meat yields based on the
weight of an uncooked green crab were8 white meat, 3m 18%I mixed
minced meat. 13.894   10.714 if slabs are separated!I minced leg,
2.62CI and minced claw, 6.394. Total recoverable minced meat is
approximately 224 of an uncooked crab's weight. Yields based on
by-product type as the starting point were8 76.63, 59.45, 40.44,
and 38.074 for "slab," mixed, leg, and claw by-products,
respectively.

Four meats with distinct chemical compositions, colors,
flavors, and textures were extracted. Leg and mixed minced meat
had the highest moisture contents. Ash contents were low, ranging
from 1.574 for leg meat to 2m 144 for mixed minced meat, indicating
little shell contamination. Fat content was low, ranging from
Oa 124 to 1.734. Mixed minced and white meat had significantly
higher fat contents than minced leg or minced claw meat. Minced
claw had the highest protein content, 18.544. "Slabs" produced a
dry, white, textured mincey mixed by-product produced a moist,
golden-brown minceI legs produced a smooth, flavorful, dark-brown
meaty and claws produced a highly-textured, less-flavored, chewy,
brown mince.

MI!ced me~t exhibited excessive microbial levels, ranging
from 10 to 10 organisms per gram. Hourly clean-up and
sanitation of the Baader machine improved product quality>
however, by-product microbial levels increased rapidly when held
in the picking room at room temperature. Extraction of by-
products within 1.5 hours of picking showed little increase in the
microbial populations of mixed by-products. Delayed extraction
beyond 1.5 hours required icing of picking-room by-products within
plastic bags at a ratio of 28 1 ice-to-product to control microbial
growth. Iced by-product temperature dropped below 40'F �.4'C!
within 70 minutes.

Reduced pasteurization temperatures signif icantly improved
the appearance of minced meat and effectively reduced microbial
populations. Initial reduction of pasteurj~ation temperatures
from 186'F  85.5'C! to 182'F  83.3'C!  F ldI5 44! improved the
appearance of pasteurized meats. However, all minced meats still
darkened following pasteurization at 182'F  83.3 C! as indicated
by Hunter L values. Pasteurization of minced slab meat and mixed
m ncad meat at 177 F  80.$'c   F Ig 383 significantly
improved appearance of pasteurizd meats. Both minces were
significantly more white and less blue than meat pasteurized at
1824F  83.3'C! ~ The addition of citric-acid-phosphate buffer to
minced slab and mixed minced meat pasteurized at 177'F  80.5 C!
produced pasteurized product that was significantly whiter and
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less blue than nonWuffered meat cooked at 177'F  80.5'C!.
Buffered meats were not significantly darker or more blue than
unpasteurized minced slab or mixed minced meat as indicated by
Hunter L, a, b color values.

I.ocal processors adopted a five-pound, ring-sealed, low-
density, polyethylene plastic tube for pasteurized minced meats.
Bag failure rates approaching 504 during shipping and handling
required processors to blast-freeze pasteurized products. Monthly
chemical, microbiological, and sensory monitoring of frozen minced
claw and mixed minced meat showed initial sensory deterioration in
both meats at nine months of a continuing frozen-storage study.
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The Menhaden Surfmi Demonstration Plant-
A Progress Report

Malcolm B. Hale
National Marine F i sheri es Servi ce

Charleston, SC 29412

Anthony P. Bimbo
Zapata Haynie Corporation

Reedville, YA 22539

INTRODUCTION

Menhaden landings comprised approximately 40% of the total volume
of U.S. commercial ff sheries landings in 1986, but accounted for less
than 3.5% of the ex-vessel value  NMFS, 1987!. With the exception of a
small fraction used for bait, the menhaden harvest is used only for the
production of fish meal and oil. Continuing economic pressure by
cheaper vegetable-based products has encouraged increased efforts to
develop higher valued products for direct human food use of menhaden
 Hale and Ernst, 1986!. Both Lanier et al. �983! and Regier et al.
  1985! have reported on laboratory and small pilot scale investigations
of surimi production from menhaden. With a rapid growth in demand and
imports, surimi was targeted as a potential food use of menhaden. The
remarkable growth in the V.S. supply of surimf products in recent years
is shown in Figure 1.
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Figure 1. United States supply of surfmi products, 1975-1987.
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R 8 0 Contract
s

2-year, $2 million menhaden surimi project was awarded to the Zapata
Haynie Corporation. About $1.3 million in U.S. Government funds was
supplied for the contract, with technical monitoring performed by the
National Marine Fisheries Service. Zapata Haynie Corporation provided
in excess of $600,000. The functional and financial responsibilities of
the two parties were specified as follows:
Zapata Haynie, Inc. must provide:

An appropriate physical site with immediate access to fresh
supplies of Atlantic menhaden.

An appropriate food grade building with walls, floors, drains
etc. meeting sanitation standards for food fish plants.

Refrigerated holding facilities for menhaden between delivery and
processing.

A plate freezer of sufficient capacity to freeze surimi block
production.

Frozen storage facilities to hold surimi products at a temperature
of -IO F  -23'C! or lower.

Utilities installations to support plant operations.

Amounts of fresh food grade menhaden to meet surimi production
requi rements; harvested, handled, and delivered according to spe-
cified procedures.

An acceptable means for the disposal/utilization of both solid
wastes and processing waste waters.

Government funds may be used for:

The purchase of fish processing equipment.

U.S.

Installation and maintenance of processing equipment.

In response to industry needs and the opportunity for true economic
growth, the U.S. Congress designated increased FY 1985 funding for
menhaden research and development in the conversion of whole menhaden
into surimi and minced forms. The National Marine Fisheries Service in
cooperation with industry was directed to use the funds to achieve the
following objectives:  I! determine the economic and technical feasibi-
lity of producing menhaden surimi, �! produce developmental quantities
of test menhaden surimi material for formulation and evaluation of end
products by food scientists, and �! determine onboard and inplant pro-
cedures necessary to maintain menhaden quality for human consumption.



Plant operating expenses.

* Collection of data required for technical and economic evaluation
of the process and products.

* Storage and distribution of menhaden surimi samples.

* Preparation of interim and final reports.

Conductfng public access/technology transfer activities.

Project overhead costs'

The contract calls for a plant capable of producfng at least I ton
of surimi per 8-hour day. Although the contract spells out the steps
needed to produce surimi, it recognizes that the processing requi rements
to make a quality surimi from menhaden are not well defined and pre-
scribes a flexible plant design to allow evaluation of a number of
different processing options through experimental runs. The contract
requires that at least 30 tons of menhaden surimi be produced under U.S.
Department of Commerce fnspection and that samples be made available for
public distribution.

THE PROCESS

A top quality, food-grade processing facility was constructed by
Zapata Haynfe Corporation on a site adjacent to their fish meal and oil
plant at Reedvf lie, Vfrgfnfa. Fresh Atlantic menhaden are supplied by
either a small bait purse seiner, modified to quickly chill and hold the
fish below 40'C using a recirculating fce water spray system, or by
boats of the Zapata Haynie fishing fleet. On the decks of the Zapata
boats, the fish are chilled and held in slush ice in 35 cubic foot insu-
lated containers. On one boat, the EARL J. CONRAD, the containers are
connected to a circulating refrigerated water system. All fish for the
surimi plant are pumped directly from the water to the insulated storage
containers, bypassing the main fish hold. The containers are taken off'
the vessel with a crane and are trucked from the dock to a refrfgerated
holding room adjacent to the processing area in the surimi plant. Plant
chilled water can be circulated through the containers during the
holding period. When required for processing, the individual containers
are hoisted and dumped into a water-filled tank where the ice is removed
by flotation. The fish are lifted from the tank by an inclined conveyor
to a belt scale which weighs them as they are transported into the pro-
cessing area.
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In the processing area the fish are partially hand sorted as time
permits on the feed belt leading to the two Baader 331 filleting
machines. Solid waste from the fi 11eters and rejected fish are conveyed
from the building and trucked to the fish meal plant. The butterfly
fillets  backbones removed! are washed with chilled water in a rotary
washer before they are fed to the mechanical deboner. Initially the
deboned mince was washed three times in the batch wash tank followed by
rotary screening and refining. In July an inline washing system was
installed. Menhaden mince is fed into the wash system by a Moyno pump
while chilled water is metered in at a 5 to 1 ratio of water to mince.
Static mixers inside a series of stainless steel retention loops provide
good contact between the water and mince for extraction of soluble pro-
tein and color bodies. The slurry exits to a decanter centrifuge for
recovery of the washed mince.

The washed mince is refined and then dewatered in a screw press.
It is mixed with cryoprotectants �% each sugar and sorbitol plus 0.2$
polyphosphate! in a cutter-mixer to produce the surimi . The surimi is
extruded into polyethylene bags and formed into blocks in metal trays.
Some 1 and 2-kg blocks as well as the standard 10-kg blocks are pro-
duced from each batch. The formed blocks of surimi are frozen in a
plate freezer and then stored in a holding freezer at -30 F  -34'C!.

OPERATIONS

First Year

gu pment was ordered and installed and much of the basic work on
harvesting methods was done during the spring and summer of 1986. Plant
construction was completed in early October. After several shake down
runs, a decision was made to produce and store frozen fillets for use
during the winter. A full-scale production run was made in November
which demonstrated the 1 ton per day capacity of the plant.

The winter work provided the opportunity to test the administrative
structure of the project as well as the operation of the various pieces
of equipment. Most batches run during the winter, with frozen fillets,
were small and the press was not operated until near the beginning of
the 1987 fishing season. The deboner, washing cycle, and refiner were
extensively tested.

1 The mention of trade names does not imply endorsement by National
Marine Fisheries Service, NOAA.
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Cur rent Year

Initially, lab studies were made to determine the best quality
surimi that could be produced from the white flesh of the menhaden. The
results from those runs were averaged and used as the initial benchmark
for menhaden surimi. The first extended production runs were made in
June and were followed by more experimental runs alternated with produc-
tion runs. All production runs are federally inspected and a11 product
for distribution bears the U.S. Department of Commerce inspection seal.

Other types of equipment and procedures were evaluated including
Beehive and Yield Master deboners, replacing the refiner with a
straine~, smaller screen sizes in the deboner, and different wash
cycles. In late July, we began testing the Alfa Laval inline wash
system and decanter centrifuge. Most of the fat is removed with the
liquid phase from the centrifuge. The solids are refined and dewatered
before mixing with the cryoprotectants.

RESULTS AND DISCUSSION

Many of the equipment tests were inconclusive, but some changes
were indicated and results from the inline washing system look
promising. Surimi quality is at least as good as that from the batch
system, yields are improved, water use is reduced, and there is a defi-
nite savings in labor. The inline wash system has remained in operation
since late July.

The sur imi process is essentially an isolation of the muscle pro-
tein of the fish from the other components of the flesh. Changes in
protein, fat and ash through the processing steps are shown
 moisture-free basis! in Figure 2. There is an increase in protein
through the process but the level drops in the surimi block because of
the addition of 8% cryoprotectants �4% dry basis!. These are carbo-
hydrates and thus are not reflected in the ash content.

Data collected so far indicates that residual fat in the surimi is
related to the fat content of the starting material. In Figure 3 the 5
fat in the frozen surimi block is plotted versus X fat in the whole fish
from which it was made. However, more data points from fatty fish are
needed to confi rm this positive correlation. Of more significance
perhaps is the question of what fat level is acceptable in the final
product. The menhaden surimis produced at Reedville have exhibited
excellent gel strengths. Based on some earlier work at the Charleston
Laboratory, the fatty acid profile in the residual lipids is similar
to that of the fish fi'tlet lipids and should have positive nutritional
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Figure 2. Changes in protein, fat, and ash content  dry basis! through
the menhaden surimi process.
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Figure 3. Fat content of surimi versus fat content of whole menhaden.
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Table 1. Omega-3 fatty acids and lipid content of two menhaden surimis
processed at NMFS, Charleston.

Species:

Form:

5 Total Lipid:

Atlantic Menhaden Gulf Menhaden

Fi 1 1 ets Surimi Fi I1ets Surimi

0.93 0.54 4. 61 1. 85

Omega-3 Fatty Acids
Area X: 40. 3 30.440.7 26 ' 5

gm/100 gm Tissue: 0. 29 0. 16 1.26 0.42

There have been wide fluctuations in yields for menhaden surimi at
the Reedville plant, as shown in Figure 4. This has been due to large
variations in fish size and also to experimental changes in equipment
and procedures. Mechanical sorting befo~e fi1leting should improve
yield significantly. The goal is to improve yields without sacrificing
qua 1 i ty.

The primary quality problem is color, assuming that the surimi is
to be used in analog products. Changes in instrumental color values
through the process are shown in Figure 5. Washing removes blood and
pigment., increasing the lightness  L value! and decreasing the red color
 a value!. Significant changes in the L and a values also occur when
the surimi is cooked into a kamaboko gel. The yellowness  b value!
remains essentially unchanged through the processing steps, however.

A 400-lb sample of menhaden surimi from the Reedvi lie plant was
processed at Sea Fest Products in Motley, Minnesota into a crab analog
products The color was darker than desired but the flavor was accep-
table and the texture of the product was very good.

Samples of menhaden surimi are currently available from Surimi
Project, Zapata Haynie Corporation, P.O. Box 175, Reedvi lie, Virginia
22539. The product may be obtained free for evaluation or product deve-
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value. This is indicated by the data in Table 1. The calculations of
grams of fatty acid per gram of tissue are based on the method of
Weirauch et al. �977!. We did not measure whole fish fat levels, but
the level in these Atlantic menhaden fillets was low. The fat levels in
the gulf menhaden fillets and surimi were higher, but there were no
significant flavor changes during 6 months of frozen storage at -20'C.
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lopment, but the recipient must pay shipping charges  by overnight air
express! and is asked to provide feedback information on product appli-
cations and results.

Some additional contract money was provided to continue operation
of the processing line through the fall, to test the use of higher fat
fish. The current contract runs through January. It is anticipated
that Congress will appropriate money for the additional work that is
needed during the next fishing season. This would include:

* Determine methods to improve the color of the surimi and ways to
f urther reduce fat content.

* Determine the flavor stability of the surimi and the need to
remove additional fat.

* Establish reproducible specifications for menhaden surimi.

* Optimize yields at acceptable quality levels.

* Evaluate Atlantic mackerel as a surimi source.

* Evaluate gulf menhaden as a surimi source.
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INTERACTION OF FROZEN STORAGE TEMPERATURE

AND FOOD ADDITIVES WITH COD FILLET AN! FRAME MINCE
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INTRODUCTION

As the Northeast U.S. examines its alternatives for the use of its
fishery by-products, the need to produce human grade products from these
wastes becomes obvious. The simplest alternative in many cases may be
the production of mince or mechanically deboned fish flesh from various
filleting wastes. This would reduce the waste generated by 15 to 30K and
would produce a more valuable product that could help offset the cost of
removing the remaining waste. The available by-product raw material will
vary from the very white mince of the V- or J-cut of a fillet to the very
red frame mince obtained by deboning the fillet rack  assumed to be
headed and gutted!. The latter, however, contains much more iron and
possibly more omega-3 fatty acids. The nutritional availability of iron
and the actual content of omega-3 fatty acids in various minces are both
areas that require further research.

One of the obvious uses of this redder fish mince would be in the
manufacture of red meat-like products. In this case the presence of the
iron would be of great nutritional benefit as iron is one of the
nutrients that is often lacking in the American diet including many pre-
menopausal middle and upper class females and red meats are one of our
best sources of this nutritionally important mineral. Thus, it becomes
important to establish the effect of switching from red meat to minced
fish on the iron status of potential consumers.

The frame mince, although excellent for many new food product
development efforts, is difficult to store frozen. Particularly the
gadoid minces, i.e., those from cod, haddock, hake, whiting, pollock, and
cusk, undergo a textural change that leads to a toughening of the fish
meat. The texture is often characterized as "spongy" or "cottony'� " The
textural change is believed to be due to a series of chemical changes
initiated by enzymes specific to gadoids  and a few other species! that
takes the naturally present trimethylamine oxide  TMAO! and converts it
to dimethylamine  DMA! and formaldehyde  FA!. The FA is a reactive
compound that is believed to then go on to crosslink the proteins,
causing the undesirable texture changes.

Previous work in our laboratory has indicated that the measurement
of DMA, however, does not always follow the observed texture changes
well, particularly in the presence of additives. Thus, we have developed
various tests that specifically follow the textural changes; these
include instrumental texture measurements, human panel texture
evaluations, and protein functionality tests that can under some
circumstances predict textural behavior. For example, with cod minces,
the expressible moisture of the raw fish predicted the human panel
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determined binding scores of cooked product quite well for a large number
of different salts.

From work with surimi, researchers have identified compounds that
seem to protect surimi from texture changes during frozen storage. These
chemical additives are often generically referred to as cryoprotectants,
i.e., materials that prevent changes during freezing. Surimi differs
from mince in that most of the soluble compounds have been washed out
and, thus, the level of compounds like TMAO is much lower. However, it
is possible that, the same cryoprotectants would have a beneficial effect
if they were added into mince as is or to mince which has been washed
once simply to reduce the level of soluble components. Some of these
cryoprotectants might also be appropriate ingredients for further
processed final products that may be made from the mince and, therefore,
their presence in the mince might not provide a barrier to the further
use of the mince.

The reactions leading to texture changes occur at different rates
when fish is stored at different temperatures. The colder the
temperature the slower the reaction. However, the reaction of TMAO to
form DMA and FA does have a measurable rate down to -29oC or so. Thus,
long term cold storage below that temperature is recommended, but is
currently not commonly practiced in this country. Discussions of the
possible benefit of making extra-cold storage available to the fishing
industry are occurring in the Mid-Atlantic region. Some newer
technologies, such as the use of a stored energy carbon dioxide system
 i.e., making dry ice at night and using the cold during the day! might
make lower temperature cold-storage economically feasable, by permitting
more of the energy needs to be met in the evening when electricity is
cheaper. Lowering of the day-time electricity demand would also help the
economics of such a system.

We are also studying the possibility that minces stored at -40 C or
so for a few months will not undergo as rapid a change in texture at
normal cold storage temperatures  -15 to -20oC! as would mince placed
directly into normal cold storage.

In the work presented here, we have attempted to take a look at
various food-type additives added to cod fillet and frame mince that were
then stored at different temperatures  -7, -20 and -40 C!. Among the
additives tested were:

1. Sorbitol. This compound is often used as a cryoprotectant with
surimi. It is not as sweet. as sugar, the other compound normally found
in surimi.

2. Polydextrose. This compound has been proposed for use as a
cryoprotectant by Dr. Lanier's group at North Carolina State. It is lower
in calories and less sweet than sorbitol.

3. Starch. Starch is a traditional ingredient in further processed
surimi. Preliminary data from our lab suggests that this compound does
have a cryoprotectant action.  See appendix I for a copy of this report.!
Also, some of the further processed minced fish products which we have
developed require starch as an ingredient. Starch of the four compounds
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tested in this study would also be expected to meet with the least amount
of consumer resistance with respect to labeling etc.

4. Soy Protein Isolate. We have chosen to examine an extremely
functional soy protein with no detectable flavor contribution to the
mince.

METHODS AND MATERIALS

Samples preparatian

Very fresh cod  estimated to be less than three days old on arrival
in Ithaca! was obtained from Connolly Bros. in Boston. Both fillet trim
and frames were shipped. The heads were removed from the frames.

The fish samples  fillets and frames! were minced using a Bibun
deluxe model 15 mechanical deboner with 5 mm holes. The fillets were done
before the frames.

Half of each type of mince was washed with tap water with a ratio
water to fish of 2:1  v/w!. The mince was agitated for 10 minutes while
being kept at 4 C. The water, after washing, was drained out and further
moisture was removed by pressing the washed mince in cheesecloth. These
samples are referred to as washed fillets and washed frames. The other
pair of minces are referred as non-washed fillets and non-washed frames.

The following additives were used in this study. Starch 806  Amaizo;
Hammond, Indiana!, isolated soy protein Ardex SP6  Archer Daniels Nidland
Co.; Decatur, Illinois!, polydextrose FCC  Pfizer Inc.; New York, N.Y.!,
and sorbitol N.F., F.C.C.  Pfizer Inc.; New York, N.Y.!. Each additive
was added to samples of the various minces so that the final additive
concentration was 2X w/w.

These additives were selected because:

1. These additives have been extensively studied and are known to have a
beneficial effect on the water retention properties of food systems.
Water retention deteriorates during the usual frozen storage of fish.

2. The change in texture associated with the frozen-storage of fish has
been associated with physical changes of some of the fish muscle
proteins. Some of the additives utilized  sorbitol, polydextrose! are
considered to possess cryoprotectant properties and are utilized with
that objective at the industrial level  mainly in the surimi industry!.

One oz. Nalgene jars were filled to the top with minced fish samples;
trying as the cups were packed to avoid air pockets. Each sample was then
frozen at -20oC in a large walk-in freezer and transferred to freezers at
-7, -20 and -40oC and stored for 90 days. Samples were taken at days 2,
10, 60 and 90. The samples were then thawed in a cold room at 10oC for 24
hr, and analyzed for cook loss, expressible moisture, human texture panel
evaluation of springiness and cohesiveness of raw product, and texture
profile  on the Instron Universal Testing Machine! to determine hardness,
cohesiveness, and springiness.
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Cook loss of the samples was measured by cooking the mince, while
still in the cup, for 15 minutes in boiling water. The samples were
drained, cooled to room temperature, and weighed. The weight difference,
expressed as a percentage of the starting weight, is the cook loss.

Expressible moisture was measured by taking 0.8 to 1.0 g of raw fish
and placing it on preweighed Whatman 1 filter paper. The sample was in
contact with Whatman No. 5 paper and three additional layers of Whatman
No. 3 were used. The sample and the filter paper were put into a Sorvall
polycarbonate centrifuge tube and centrifuged in the RC2B refrigerated
centrifuge at 4oC  SS-34 head! for 10 minutes at 3,000 rpm. The weight
gain of the filter paper divided by the starting weight of the fish is
the percentage expressible moisture.

The human raw texture panel evaluated a 1/4 pie shaped piece of the
mince removed from the cups. Springiness and cohesiveness were measured
on a 11 point scale with 0 representing the absence of any springiness or
cohesiveness and 10 representing an extremely springy or cohesive sample.

The General Foods Texture Profile on the Instron involves placing
the minced fish sample removed from the plastic cup between two parallel
plates. The upper plate is lowered onto the sample which is then
compressed to 65X of its original height. The instrument reverses and
returns to its original position. It then goes through a second
compression cycle. The chart records the amount of force on the upper
plate as a function of the time during the compression/relaxation cycle.
From these curves, the brittleness  fracturability during the first
compression!, hardness  maximum compression force on the first
compression!, the instrumental cohesiveness  change in area under the
compression part of the curve for the second compression divided by that
from the first compression!, and the instrumental springiness  distance
on the second curve from the beginning of compression until the maximum
force is reached! were measured. The cohesiveness is a measure of the
percentage of work needed to compress the sample during the second
compression in comparison to the first compression. The springiness is a
measure of how much height the sample recovered between the first and
second compression  elasticity!. With all of the samples studied, no
brittleness peak was observed. In addition, if the sample adheres to the
upper plate an adhesion value can also be calculated. However, this
value depends heavily on the nature of the surface of the upper and lower
compression plates. A small amount of adhesion was observed with the
fish samples, but the detailed results will not be reported.

RESULTS AND DISCUSSION

A storage temperature of -15 to -20oC is most commonly used in the
fish industry. Thus storage at -20oC represents the best commercial
storage conditions. At &OoC, the biochemical reactions that affect the
organoleptic acceptability of the fish are theoretically stopped. Other
changes should be minimized. However, we have observed on various
occassion that some changes, such as in expressible moisture, can still
occur even at this temperature. Thus although this temperature can
usually be considered as an invariant control; caution must be exercised
in interpreting results which are compared to samples stored at this
temperature. At -7oC we are looking at an abuse temperature. This
temperature would be expected to highlight any changes observed with the
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different samples within a reasonable amount of time. Generally this
would be a condition that is worse than might be expected in even
mediocre frozen storage conditions.  However temperature variation in
frozen storage may be even more important than the actual temperature.
These studies do not address this important point.!

The first property examined with each sample was the cook loss.
These are shown in Table I and 2.

The washed minces had a much greater cook loss, with the fillets
possibly having a bit more cook loss than the frames. This suggests that
the original moisture removal may not have been as complete as compared
with the original material. Within the time-frame of the experiment and
because of the high variability of the measurement, no differences as a
function of time are obvious except possibly for the non-washed fillets
at -7 C where a peak at day l0 is observed. Limitations in the
availability of sample prevents one from establishing whether any
differences actually exist for the different temperatures, but the
absence of change at the higher storage temperature would suggest that
changes would not be observed at the lower temperatures. In all cases
the soy protein isolate and starch have the lowest cook loss. In the
case of the washed fillets the results are particularly obvious and also
to some degree in the washed frames. The starch would be expected to
gelatinize on cooking, which should certainly aid in holding moisture.

The next series of experiments involve the expressible moisture of
the raw mince. These are shown in Table 3 and 4 ~

The difference between the expressible moisture for the washed and
non-washed samples seem to reflect moisture differences of the same order
of magnitude as the cook loss data, i.e., the actual difference is about
the same although the actual amount of expressible moisture is about
double that of the cook loss. The soy protein isolate again seems to
suggest some benefit in minimizing expressible moisture changes. Unlike
the cooked samples, the starch shows no particular benefit. This is not
surprising since the starch effect would only be expected in cooked
samples after gelatinization.

The results of the raw human texture panel work is shown in Tables 5
and 6. The change in texture is clearly indicated after 60 days and 90
days. With washed frame mince the best improvement in quality is seen
with the polydextrose. Soy protein seems to aggravate the texture change
slightly. In general the non-washed minces did surprisingly better than
the washed frame minces at -7oC. This was certainly an unexpected
result. The process of washing may have disrupted the fish more and the
probably presence of more water in the washed samples might have also
influenced the effectiveness of the various additives.

The same pattern of washed doing more poorly than unwashed is seen
with the fillets. With fillets, at 60 days but not at 90 days the
polydextrose seemed to have the greatest beneficial effect. We also
again see that the soy protein was detrimental to the quality of the raw
mince.

The General Foods Texture Profiles on the Instron on shown in Tables
7 and 8. Notice that the hardness of the washed frames and fillets were

283



TABLE 1. COOK LOSS FOR FRAMES

TIME

 Days!
WASHED FRAME MINCE

10 60 90

T -7 -20 -40 -7 -20 -40 -7 -20 -40 -7 -20 -40

N 20.2 19.4 23.4
S 14.3 15.0
So 22 F 4 24.7
P 14.5 17.8

NON-WASHED FRAME

9060

-7 -20 -40T -7 -20 -40 -7 -20 -40 -7 -20 -40

Each value represents the mean of 3 sub-samples of the same batch
of fishy T, temperature in degree Celsius; N, no additives; S,
starch; So, isolated soy protein; and P, polydextrose. Each
additive at 2X w/w.
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N
S

So
p

7.4 6.0
4.9 5.8
5.1 5.0
5 ' 8 10.1

7.6

5.1

3.6
6.7

22.2

15.4
17.1

25.6

11. 1

7.7

8.7

10.9

19.3 23.0
13.8

16.0
22.7

4.3
3.0
3.7

5.8

22.5 24.2
15.5 16.8

18.1 19.8
25 ' 1 27 ' 4

6.5

6.7
3.1

8.0



TABLE 2. COOK LOSS FOR FILLETS

TIME

 Days!
WASHED FILLETS

60 9010

-7 -20 -40 -7 -20 -40-7 -20 -40T -7 -10 -40

23.9N 26.3 25.8
S 18.2 17.6
So 19.4 17.4
P 27.8 28. 7
Sr 25.9 26.5

T1ME

 Days!
NON-WASHED FILLETS

60 9010

-1 -20 -40 -7 -20 -40 -7 -20 -40T -7 -10 -40

4.2 1.6
3.2 5.5
0.3 0.8
4.1 3.3
1.2 G.B

6.214.1 � 7.7

9 7 � 3 3

11.9 - 4.4
15.2 � 11.2
15.2 � 7.9

Each value represents the mean of 3 subsamples of the same batch
of fish. T, temperature in degree Celsius; N, no additives; S,
starch; So, isolated soy protein; P, polydextrose; and Sr,
sorbitol. Each additive at 2X w/w.
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N
S

So
P

Sr

2.6
2.5

1.6
3.6

1.7

24.4

19.9

15.8
22.8

24.9

24.9
19.2

18.3

28.6

27.1

14.1

B.B

11.8

14.9

13 ' 4

25.8
20. 1

17.7

29.4

26.1

24.0

16.4

17.6

26.3
22.6

11.7

6.3
2.2

11.9
11.4

24.7

16.0
17.0

25.8
23.3



TABLE 3. EXPRESSIBLE MOISTURE FOR FRAMES

906010

-7 -20 -40 -7 -20 -40 -7 -20 -40T -7 -20 -40

47.0

46.1
N 43.9 46.2 43.0 44.2
S 46.0 49.8 � 47.2
So 43.6 � 42.6 43.6
P 44.8 43 ' 8 � 47.8

TIME

 Days!
NON-WASHED FRAME

9010 60

T -7 -20 -40 -7 -20 -40 -7 -20 -40 -7 -20 -40

Each value represents the mean of 3 subsamples of the same batch
of fish. T, temperature in degree Celsius; N, no additives; S,
starch; So, isolated soy protein; and P, polydextrose. Each
additive at 2X w/w.
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N 37.7 38.3 35.9
S 404 40 ~ 5 39 ~ 8
So 35.0 40.0 34.9
P 37.6 40.0 36 ~ 2

39.8

42.7

35.3

39.4

TINE

 Days!
WASHED FRANK

51.2

45.8
44.7

47.4

43.0

44.5

38.8
39.6

46 ' 2 45.7
46.7 47.5
46.4 44.7
46.4 48. 2

40.6
43.1

41.2
40. 7



TABLE 4. EXPRESSIBLE MOISTURE FOR FILLETS

TIME

 Days!
WASHED FILLETS

60 9010

T -7 -20 -40 -7 -20 -40

42.9

TINE

 Days!
NON-WASHED FILLETS

906010

-7 -20 -40 -7 -20 -40T -7 -20 -40 -7 -20 -40

32.5 36.1
40.2 41.6
36.4 33.2
39.4 37.3
37.3 29.8

Each value represents the mean of 3 subsamples of the same batch
of fish. T, temperature in degree Celsius; N, no additives; S,
starch; So, isolated soy protein; P, polydextrose; and Sr,
sorbitol. Each additive at 2X w/w.
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N 41.6 42.2 42.3
S 48.9 44.9 47.4
So 41.2 37.4 42.5
P 40.1 42.4 42.6
Sr 40.4 42.4 37.3

1

N 34.2 34.3 38.7
S 38 ~ 0 404 390
So 29.4 28.2 31.8
P 37.0 36.9 34.3
Sr 34.5 31.0 33.5

43.1
48.0
42.3
41.3
45.2

48.4
45.7
39 ' 9
46.2
39.8

50.9
44.8

43.1
46.3
44.9

37.2
43.9
37.3
40.8
42.4

37.1
40.6
39.1
33.4
37.1

45.3

50.6
44.2
47.7
42. 7



TABLE 5. HUMAN RAW TEXTURE PANEL EVALUATION OF FRANZ MINCES

TINE
 Days!

WASHED FRAMES

10 60 90

-20 -7 -20 -7 -20

Si
N

Co

1.0 2.3 1.8 6.0 3.2 7 ' 2 3.1

1 ~ 0 2.0 1.0 5.2 2.7 5.7 2.0

Si
S

Co

1.8 2.0 1 ~ 5 5.2 6.9 3.03.0

1.3 1.0 1.0 5.2 2.2 5 ' 2 1.7

Si
So

Co

2.5 1.5 2 ' 5 3.05 ' 7 7.7

1.82.0 1.0 5.2 6.2 1.7

Si
P

Co

1.5 1.8 1.3 6.7 2.05.0

1.01.0 1.0 4.2 4.7 1.2

TIME
 Days!

FRANZ NON-WASHED

906010

-7 -20 -40

2.22.7Si 1.0

N Co 1.0
3 ' 31.3 1 ~ 5

1.0 1.0 1.52.22.8

2.23.0Si 2.5 1.6 1.3

Co 1.3 1.3 1 ' 0

Si 1.3 1.3 2.3

Co 1.0 1.0 1.5

2.8

2.22.22.5

3.73 ' 8
So

3.23.0

2.02.81.0Si. 1.0

P Co 1.0 1.72.01.0
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Each value represents the mean of 4 subsamples of the same batch
of fish. T, temperature in degree Celsius; Si, springiness; Co,
cohesiveness; N, no additives; S, starch; So, isolated soy
protein; and p, polydextrose. Each additive at 2X v/w.



TABLE 6. HUMAN RAW TEXTURE PANEL EVALUATION OF FILLET MXNCES

TIME
 Days!

FILLETS WASHED

60 9010

-7 -20 -40 -7 -20 -7 -20 -7 -40

Si 4.8 2.5

4.0 1.8

4 ' 3

Co

Si
S

Co 3.5

Si 5.3

4.8

3.5

So
Co

Co 2.8 3.7

Si
Sr

Co

3.5

2.8

TIME
 Days!

NON-WASHED FILLETS

6010

-20-20 -7-7 -20 -40 -7

1.81.81.51.0 1.0 1.3 1.3

1.0 1.0 1.3 1.3

1.3 1.3 1.5 1.3

1.0 1.5 1.5 1.0

1.5 1.8 1.8 1.5

1.0 1.8 I ~ 8 1.0

1.0 1.0 1.3 1.0

1.0 1.0 1.5 1.3

1.0 1.0 1.0 1.3

I ~ 3 1.3 1.0 1.3

Si

Co 3 ' 31.0 I ~ 5

3.02-31.3Si
S

Co 2.31.31.8

3.32.31.0Si
So

Co 3.82.01.3

2.31.01.0

2.3Co 1.0 1.0

2.31.0 1.8Si
Sr

Co 1.81.5 1.5

Each value represents the mean of 4 subsamples of the same batch
of fish. T, temperature in degree Celsius; Si, springiness; Co,
cohesiveness; N, no additives; S, starch; So, isolated soy
protein; P, polydextrose; and Sr, sorbitol. Each additive at 2X
w/w.
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2.8 2.5 3.5

I ~ 8 1.5 2.0

3.3 4.3 3.8

2.0 2.4 2.3

3.5 3.0 3.3

2.5 1.8 1.8

2.5 2.3 2.5

2.0 1.0 1.5

2.0 1.0 1.3

1.5 1.0 1.3

2.5 1.5

1.5 1.3

2 ~ 8 2.0

2.0 1.3

2.5 1.3

2.0 1.3

4.0 1.3

1.3 1.0

1.8 1.0

1.0 1.0

3 ~ 2

3.0 3.2

5 ' 2

3.7

5.7 2.5

4.0 2.0

4 ' 7



TABLE 7. TEXTURE PROFILE ANALYSIS OP FRAME MINCES

TIME
 Days!

MASHED FRAMES

90602 10

7--20 -40 -7 -7 -20

1.90 1.60
64.78 39.45

.85 .52

Si 4.83
N Hl 13.80

Co .35

2.20 1.3
8.08 22.8

.76 .9

1.69
27.94

1.04

2.23 1.61
144.80 60.80

.81 .46

Si 4.30 4.07
S Hl 23.80 11.81

Co ~ 25 .44

1.67
27.64

.94

2.14
94.50

.81

1.82 1.38
55.31 28.48

~ 87 .75

1.95 1.62
69 ' 63 33.30

.87 .60

Si 3.90 1.35
So Hl 11.55 22.25

Co .16 .76

1.76
42.16

1.01

2.26
171.73

.77

1.3

Si 2.45 1.31
P Hl 12.55 15.67

Co .66 ~ 67

1.59
- 23.36

.97

2 ' 07
114.80

.71

1.87 1.51
55.40 36.05

.88 .67

TIME
 Days!

NON-|2tASHED FRAMES

906010

-7 -20

1 ~ 25
18.63

.79

1.25
30.76

.42

1.18
9.39

~ 61

Si
N HI

Co

.75
5.91

.50

1.23
14.49

.91

1.29
29.11

.46

Si .90 .93 .93
S Hl 10.02 10.75 10.68

Co .50 .50 .43

1.30
59.93

.47

1.70
16.93

.77

1.38
38.34

.59

1.23
63.85

.43

1 ~ 19
23.65

.65

Si
So Hl

Co

.98 1.09
18.74 15.62

.43 .53

1.27
21.30

.59

Si .84
P Hl 7.94

Co .49

1.06
11.18

.81

.70
6.20

~ 46

.73
6.68

.46

1.19
42.36

.43
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Each value represents the mean of 3 subsamples of the same batch
of fish. T, temperature in degree Celcius; Si, springiness  mm!;
Co, cohesiveness  work!; Hl, maximum compresion force on the first
compression cycle  Newtons!. N, no additive; S, starch 806; So,
isolated soy protein; and P, polydextrose; Each additive at 2
w/w. The samples were compresed 65 X of their original height in
each of the compression cycles.



TABLE 8. TEXTURE PROFILE ANALYSIS OF FILLET MINCES

TIME

 Days!
WASHED FILLETS

906010

-7 -20-7 -20 -40

291

Si 1.31 1.46
N Hl � 26.10

Co .61 .74

Si 1.42 1.42
S Hl 25.60 17.65

Co .69 .67

Si 1.53 1.50
So Hl 29.12 25.00

Co .47 .65

Si 1.19 1.25
P Hl 18.30 17.45

Co .59 .66

Si 1.16 1.11
Sr Hl 14.30 14.56

Co .55 .53

1.4

23. 2
.7

1.4

19.9
.7

1.5
21. 1

.8

1.2

16.6
.6

1.1
16.9

.5

1.33 1.24
25.47 21.62

.81 .79

1.31 1.5
26.37 26.01

.79 .95

.94
28.10

.69

1.26

26.19
.66

1.27 .98

16.73 21.95
~ 77 .60

1.95
87.21

.59

2.40
113.21

1.00

1.84

109.27
0.58

1.44
70.08

.43

1.84

44.32
1.02

1.76
49.89

.78

1.83

64.31
.86

1.67
45. 43

.70

1.34
38.28

.67



TIME

 Days!
NON-WASHED FILLETS

6010 90

-20 -40 -7 -20 -7 -20

Si .89 .90 .89
N Hl 9.69 11.84 12 ' 63

Co .41 .37 .37

1. 12 1.01

16. 78 11. 17

.58 .44

1.24
49.03

.33

1 ' 41
32.71

.44

.98
42.14

.29

1.20 1.02

62.44 49.35

.39 .35

Si .91 ~ 89
S Hl 12.56 14 .00

Co .46 .37

1.17 .95

15.23 15.54

.53 .47

Si 1.0
So Hl 16.64

Co .43

1.26 1.04
22.42 18.69

.51 .38

1.34 1.22
72.24 49 ' 65

.32 .35

1.09 ~ 77
46.93 39.75

.33 .23

Si .82 .73
P Hl 12.51 15.40

Co .44 .30

.79

8.79
.44

1.03 .86

14.71 10.16
~ 47 .51

Si .79 .69
Sr Hl 12.53 10.53

Co .40 .35

.77

9.81
~ 37

.98 .87
15.84 11.98

.45 .38

1.19 ~ 74
46.83 33.42

.34 .28
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Each value represents the mean of 3 subsamples of the same batch
of fish. T, temperature in degree Celcius; Si, springiness  mm!>
Co, cohesiveness  work!; Hl, maximum compresion force on the first
compression cycle  Newtons!. N, no additive; S, starch 806; So,
isolated soy protein; P, polydextrose; and Sr, sorbitol. Each
additive at 2 X w/w. The samples were compresed 65 X of their
original height in each of the compression cycles.



higher than those for the unwashed. Generally sorbitol seems to be among
the lower samples, while the soy protein is generally among the additives
giving the greatest hardness. In general the springiness was helped
slightly by the additives with polydextrose followed by sorbitol having
the greatest beneficial effect. Cohesiveness of the non-washed fillets
seems to be the lowest, while cohesiveness seems to be highest for the '
washed frames.

CONCLUSIONS

The results to date are consistent with the observation that a high
temperature is detrimental to the storage of the mince. The length of
storage time used in these experiments does not permit one to distinguish
between -20 and -40oC. The detrimental effect of washing on the flesh
was unexpected while the beneficial effects of polydextrose is at least
what one might have expected. With respect to whether the
cryoprotectants used for surimi would work with minces, it was hoped that
they would but little experimental evidence existed, and the results to
date suggest that they do not function the same way. The results of Xu
and Regenstein �986! agd this work both suggest that starch, if
beneficial works only on the cooked material. The results in this work
suggest that further studies of the role of additives with cooked and raw
texture are in order. Other work, currently coming out in an informal
reports from South Africa and with gums from Holland suggest that the
benefits of additives are less than the benefits of improved temperature
of storage.

Overall these results indicate that the problem of stabilizing
minces is sufficiently different from those encountered with surimi that
results from one system to the other cannot be extrapolated, but rather
that mince requires its own experimental work.
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THE BENEFITS OF CARRAGEENAN AS A SEAFOOD PROCESSING AID

CHARLES W. BULLENS, JAMES J. MODLISZEWSKI, AND JAMES J. NAVARRO
Marine Colloids Division of FMC Corporation
2000 Market Street, Philadelphia, PA 19103

INTRODUCTION

Carrageenan is a natural chondrus seaweed extract classified as GRAS
�1 CFR - 182.7255! in accordance with FDA regulations. Applications
using specially formulated carrageenan have been developed to enhance
the quality of processed seafood. Seafood analogues, from surimi,
benefit from using carrageenan as a binder which also serves to
customize texture and provide freeze/thaw stability. Thawed raw shrimp
can be returned to their natural moisture level by infecting a brine
solution containing carrageenan which then entraps moisture normally
lost during cooking thereby enhancing sensory benefits.

RESULTS AND DISCUSSION

Seafood anglo ues

Seafood analogues are an ever increasing new application which uses
surimi  washed, minced fish! as the main food matrix component.
Diverse products, such as fabricated shrimp, lobster and crab legs have
found great acceptance by the consumer today.

Transportation of finished products is in the cooked, frozen state.
Problems occur upon thawing due to ice crystal formation which dehy-
drates and denatures the protein matrix structure resulting in exces-
sive moisture loss and poor taste.

Additional problems occur due to utilization of inferior quality surimi
which contains enzymatically denatured protein with poor binding/
strength characteristics. Using carrageenan based systems help improve
textural qualities providing increased firmness, better shape retention
after cooking and improved storage stability of the seafood analogue.

Carrageenan's unique property of complexing with proteins helps produce
better textured, more organoleptically acceptable products. In addi-
tion, carrageenan's ability to entrap moisture in a gel matrix helps to
control the detrimental effect of ice crystal formation during frozen
storage.
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An experimental seafood analogue formula using karine Colloids
carrageenan-based stabilizer is displayed in Table 1.

Table l. Experimental Seafood Analogue Formula

CONCENTRATION  X!INGREDIENTS

50.0-60.00Surimi

Optional ingredients: Proteins, humectants, colorants

The ex erimental rocedure for re aria the seafood anglo ue is

described below:

l. Add pre-weighed frozen  -20 C! surimi to a vacuum cutter/mixer and

process until a paste is formed.

2. Add ice water and continue to mix until uniform*.

3. Add dry ingredients except the NaC1 and mix.

4. When uniform, add NaC1 last and mix until product reaches a consis-

tent paste texture  dough-like!.

5. Deaerate mixture and carefully fill into casings   ~ 25 mm.!.

6. Seal ends, taking care to remove any trapped air.

7. Place filled casings into a water bath of ~ 85'C for 40 minutes.

8. After cooking, cool with a tap water spray and then refrigerate

overnight  ~ 4'C!.

9. Product can then be evaluated for textural and organoleptic proper-

ties.

+ Note: Process temperature should be controlled to below 10'C

 preferrably 5'C!.
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Carrageenan-based Stabilizer
Potato starch

NaCL
Flavors, Preservatives
Mater  Ice!

0.2-1.0

4 ' 0-8.0

2.0

q.s.

to LOOK



Processed Shrim

Raw shrimp go through a freeze/thaw cycle before processing which
results in drip loss and changes in texture. Unaided processing of the
shrimp results in additional moisture loss during cooking and cooling
as well as additional texture changes reducing the organoleptic accept-
ability of the product.

In]ecting a brine solution containing carrageenan into the shrimp after
the raw product is thawed aids the shrimp in maintaining its natural
moisture content. As the shrimp cooks and cools, carrageenan forms a
unique matrix which prevents additional moisture loss. The yield
depends upon the amount of brine injected and the size of the shrimp.
Yield increases of 20 percent have been achieved in experimental trials
using carrageenan solutions.

Carrageenan also serves to improve the texture and organoleptic appeal
of the shrimp due to its moisture retentive properties.

Figure 1 illustrates how Gelcarin. SA 911 carrageenan functions during
the injection, cooking, and cooling process.

Figure l. How Gelcarine SA 911 Works

100-

Solution 60-I
Thickness

 Relative
Percentage!

30-I

30 60 90 120 140 150 170 150 120 90 60 30

Brine Temperature in the shrimp 'F
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A Gelcarine SA 911 particles disperse in brine and are injected in
shrimp

8 Gelcaria SA 911 particles absorb moisture
C Gelcarin SA 911 particles begin to unravel
D Gelcarin SA 911 starts forming network entrapping moisture
E Gelcaria SA 911 gell network controls purge aad maintains yield
The formula for preparing a brine solution containing carrageeaaa for
injection is displayed in Table 2.

Table 2. Brine Formula For Injecting Shrimp to
Replace Ten Percent Moisture Loss

CONCENTRATION  X!INGREDIENTS

Gelcarine SA 911 carrageeaan
Sodium chloride

Water

Ice

3.2

1.5
69.8

25.5

100.0Total

Note: Ten pounds of the above formulation would be injected into 100
pounds of shrimp resultiag ia a finished weight of 110 pounds.

1. Dissolve the sodium chloride in the water and add ice. Solution
temperature should be maintained below 5'C.

2. Agitate the brine and disperse Gelcarin SA 911.

3. Maintain brine containing carrageenan at a temperature below 5'C
with agitation during injection.

Additional trials are recommeaded to customize aad optimize the
experimental formulas and procedures.

Marine Colloids and Gelcarin � FMC trademarks

O 1987 FMC Corporation
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The procedure for preparing a brine solution containing carrageenan is
described below.



iFZELNICAL PROPERTIES OF FISH GELS l"1ADE FROM NIXED SPECIES thtITHOUT
ADDED SODOM CHLORIDE

K. Vareltzisp E.Yi. Buck, and H.O. Hultin
Dept. of Food Science and Rutrition, University of Massachusetts

Amherst, iiA 01003

INTRODUCTION

There has been much interest, in recent years, in the traditiona1
Japanese process of making fish eels and as a result, a significant
industry has developed, and is continuing to develop, relative to the
production of surimi and various seafood analogs.

One of the unique properties of fish protein is its ability to
form highly elastic gels. It has generally been thought that 2.5 to 37
sodium chloride must be added to the minced fish prior to gel formation
in order to attain the desired elasticity. Ve have recently found and
reported however, that it is possible to produce excellent protein gals
from certain fish proteins without added sodium chloride. The
nutritional advantages of such a process are obvious.

In this study we investigated the affect on gel quality of adding
a species previously demonstrated to produce good gels in the absence
of sodium chloride, namely red hake  ~Uro h cis ~chose, ro a species
which did not possess this property to the same extent, winter flounder

NATKRIALS AND i"imiHODS

Red hake and winter flounder were purchased from day boats
operating out of Gloucester, Massachusetts during the period October
through December, 1986. The whole fish were transported on ice to the
University of Massachusetts at Amherst where they were hand skinned and
filleted on the same day, then held on ice overnight.

The boneless fillets were ground through the 1/4" plate of a table
grinder. iiixing of species was done immediately after grinding by
vigorously mixing by hand for 1 min. In those cases where a slurry was
used, the appropriate amount of red hake was blended with 100 ml nf
distilled water for 1 min. The slurry obtained was then added to the
flounder mince which was already being mixed in the bowl of a Hobart
mixer set on high. Mixing was continued for 1 min. An equivalent
amount of distilled water was mixed into red hake and flounder controls
prior to further processing. Washing was accomplished by placing one
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volume of minced fish in an aluminum container with three volumes of
iced distilled water. The washing process was repeated two more times.
The third wash contained 0.15K iVaCl to facilitate de-watering.

De-watering was accomplished by placing the cheese cloth wrapped
mince on the bed of a hydraulic press and applying pressure gradually
over the next 2 min, until the gauge read 15,000 psi. lt was then held
at that pressure for an additional 15 min.

The de-watered mince was removed from the presa and made into gels
following a 2 hr chill period at 2 C. Cryoprotectants were not added
since no storage was involved.

Gel Production

Gels were made in 220g batches using a Cuisinart Food Processor
for chopping. The well-chilled mince was placed in the bowl of the
food processor which had been previously chilled to -25 C. It was
chopped at high speed for 2 min. This procedure ensured that the
temperature of the fish paste was kept below 15 C at all times. No
sodium chloride was added to any of the gels in this process.

The resulting pastes were immediately transferred to a hand
sausage stuffer and stuffed into nylon cylinders �.1 cm x 13 cm!. The
ends were stoppered with cork and the cylinders were immersed first
into a 40 C water bath for 30 min. and then into a 90 C water batn for
20 min. The cylinders were removed from the second water bath and
cooled by placing in a mixture of ice and water for 20 min.

The mechanical properties of the gels were determined by three
different procedures.

Fold-Test. This procedure involved folding a 3 mm thick by 2.1 cm
diameter slice of gel first in half and then into quarters, if possible
 Kudo et al. 1973!. A score of 5  AA grade! was awarded to a gel slice
that could be folded into quarters without cracking at the fold lines.
iso cracks on folding in half was equal to a 4  A grade!. Some cracking
when folded in half was equal to a 3  B grade!. Breaking in half when
folded in half was equal to a 2  C grade! and breaking of the slice
into fragments from finger pressure was equal to a 1  D grade!. Values
reported are the average of four slices per ~el.

Warner-Bratzler Shear. A Warner-Bratzler Shear  Model 2000!
equipped with a dial calibrated in 0.02 lb. increments to 10 lbs. was
used to shear gel cylinders perpendicular to their long axes. Values
reported are the average of five measurements per sample.

Instron. Duplicate specimens, 1.5 cm in length by 2.1 cm in
diameter were cut from each gel perpendicular to the long axis of the
cylinder and tested on an Instron Universal Testing Machine  Model TM!.
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RESULTS AIG! DISCUSSION

The first experiment was conducted to determine the effect on gel
properties of mixing species, and the effect, if any, of holding mixed
minces before washing. The effect of mixing species after separate
washings was also investigated.

The pH and percent moisture contents of the initial minces used in
experiment 1 are shown in Table l. All values are in expected ranges
and are typical of those recorded for the other experiments. In the
interest of saving space, these values will not be reported again. It
should be noted that the moisture content of the mince from mixed
species shows an additive effect.

TABLE 1. pH AND PERCENT MOISTURE CONGAS OF
INITIAL NINCES. EXPERIIKVZ 1.

%%d

MoistureTreatments

Red Hake 7.05 84.6
Flounder 1 6.83 78.1
Fl+RH25� min.! ' 6.79 80.2

1. Nixture of 75%%d flounder and 25%%d red hake
mince held 0 time after mixing and before
washing.

In subsequent experiments, only the moisture, fold test, and
percent deformation values will be reported since they are the most
significant, however, in Table 2 all mechanical properties measured are
shown.

Flounder gels were approximately twice as hard or rigid as red
hake gels as measured by shear force or Instron deformation values.
Rigidity of mixed gels appears to be greater than that which can be
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The deformability modulus, which is a measure of the resistance of the
gel to deformation, or hardness, was .calculated by methods described by
Johnson et al. �980!. The deformation recovery was also determined
from a compression-decompression cycle using a deformation rate of 1
cm/min. in both directions. The gels were subjected to 60%%d deformation
since beyond this level specimens fractured. The recovery is expressed
as a ratio between recovered and total deformation multiplied by one
hundred.



accounted for from additive effects alone. The greatest effect was
achieved by mixing minces and holding for 30 min. prior to washing.

Measures of elasticity  fold test and Instron percent recovery!
also do not show simple additive effects, however, in this case results
are skewed towards the characteristics of the red hake.

Best results for elasticity were obtained by washing minces
immediately after mixing  no holding! or mixing species after separate
washings.

TABLE 2. PERCEiVT NOISTURE AIR bKCHAÃICAL PROPERTIES OF
GELS-~Iffy 1. 25Ã RED HAKE .

Lbs. Fold
X Shear Defor- Test

Treatments Vioisture Force mation Score Recover

1. PV  post-wash! indicates species were mixed after each was
separately washed and dewatered, rather than
before.

Our original hypothesis was that perhaps an enzyme catalyzed
reaction was involved in the ability of the fish proteins to form good
gels in the absence of iVaCl. The data shown from Experiment 1 are
consistent with this hypothesis.

In our next experiment we examined the effect of adding smaller
amounts of red hake, and the effect of holding mixed minces for various
times before washing, since if an enzyme was involved, one would expect
to see a change with time of holding. The results are shown in
Table 3.

Holding time apparently affected moisture content as evidenced by
the decrease with time. As might be expected, fold test scores also
decreased with time. Although fold test scores did not reach those of
the red hake control, both 0 and 30 min. holding produced scores better
than that of flounder alone.
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Red Hake 80.8
Flounder 74.0
Fl+RH25� min.! 76.3
Fl+RH �' min.! 75.3
Fl+RH>>PW � min.! 75.5

1.24
3.28

2.77

3.05
2.44

11.8

29.0

20.5
24.8

22.5

4.0 6o.3
2.0 50.0
4.0 70.3
3.5 58.9

4.0 68.5



Five percent added red hake decreased the hardness of the mixed
species gel at 0 time, however, hardness is apparently restored with
holding.

As the concentration of red hake added to the mixture is reduced,
mixing becomes a very critical process. This is particularly true
since much of the enzymic activity in red hake muscle has been
demonstrated to be associated with particulate fractions. Thus, in
subsequent experiments the slurry procedure, described earlier, was
used to facilitate distribution.

TABLE 3. HECRUGCAL PROPERTIES OF GELS CONTAIiJIi<G

SX RED HAKE - EXPERIJKVZ 2.
Fold

Test

Score DeformatinnlioistureTreatments

In our next experiment we investigated the effects of using even
smaller amounts of red hake, specifically, 5, 2, or 1X, without any
holding period after mixing and before washing. The results are shown
in Table 4.

The I moisture content of gels was significantly increased at all
levels of added red hake as was fold test score. The elasticity as
measured by the fold test score was superior at the 5X level of
addition. It should be noted that at the 5X level � time! slurry
mixing produced a superior gel �.5! as compared to hand mixing �.0,
Table 3!.
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Red Hake

Flounder

Fl+RH5 O min.!
Fl+RH5�0 min,!
Fl+RH5�0 min.!

78.5

76.1
76.2
73.5
69.9

4.0

2.5

3.0

2.8

2.5

11.8

29.0
20.5

24.8

22.5



TABLE 4. MECHANICAL PROPERTIES OF GELS CONTAINING
1 2 OR 5X ADDED RED HAKE � EXPERXHENT 3..

Fold

Test

Score Deformation

X
MoistureTreatments

5.3

8.3

8.5

8.7
7.7

Note: Red hake added as a slurry in this and
subsequent experiments.

Hardness of flounder gels was apparently not significantly
affected by the addition of red hake although there was a small
decrease at the 57 level.

Since there appeared to be a distinct positive effect on
elasticity at the 1X level, in the next experiment we investigated the
effect of various holding times at the 1X level. The results are shown
in Table 5.

Gels were clearly affected by the addition of only 1X red hake.
Noistures increased for all holding times with the greatest increase
occurring at 0 time. Fold test scores followed a similar pattern.

There was a tendency for the properties of the mixed gels to
revert to values closer to those of flounder gels with increased time
of holding. There was a general decrease in elasticity, and an
increase in hardness.

TABLE 5. iKCHQiICAL PROPERTIES OF GELS WlTH 1X RED HAKE
HELD 0-60 MIN. BEFORF, WASHING � EXPERli"EiT 4.

Fold

x Test X
tIoisture Score DeformationTreatments
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Red Hake

Flounder

Fl+RH1� min.!
Fl+RH2� min.!
Fl+RH5� min.!

Red Hake

Flounder

Fl+RH1� min.!
rl+RH>�0 min.!
Fl+RH1�0 min.!

81 ' 6

75.5

80.3

79.3
79.8

82.8

78.9

81.9

80.8

81.2

5.0

3.3

3.8
3 ' 8

4.5

4.8
3.0
4.5
4.0
3.5

3.9
12.2

7.3

10.0

11.3



These results suggest that if what we are seeing is an enzymic
effect, then it occurs relatively quickly since major changes are seen
at 0 time.

Finally, in our last experiment we investigated the effect of
holding a mince made-up of red hake only, for 0-60 min. before
processing,

As may be seen in Table 6, moisture contents and fold test scores
did not change significantly with holding, although there was some
increase in hardness. This suggests that the results obtained in the
foregoing experiments were due to an interaction of the red hake with
that of the flounder.

TABLE 6. FKCHANICAL PROPERTIES OF RED HAKE GELS
HADE FRY HIVE CES HELD 0-60 IG:N. BEFORE WASHING

EXPERIMENT 5.
Fold
Test

Hoisture Score DeformationTreatments

Red Hake � min.! 82.8 5.0 3.2
Red Hake �0 min.! 82.9 4.8 3.9
Red Hake �0 min.! 82.3 4.8 3.8

It has been previously reported that good fish gels could be
formed in the absence of salt if the muscle tissue was first washed

 Hennigar et al. 1987!. This phenomenon was found to be species
dependent, with red hake yielding the best eels, scoring 5 on the fold
test scale. Also, the ability to form these gels was not related to
the amount of contractile protein present.

The data reported here demonstrate that a small amount of red hake
tissue can significantly modify the properties of gels made from
flounder without added salt. It is suggested that something other than
the red hake protein itself is causing this effect.
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The ability of red hake to form good gels in the absence of salt
may be related to its ability to decompose Zi"IAO to DiIA and FA, since
red hake has a very active system for TiIAO breakdown. It lies been
reported that there is more than enough enzyme activity in red hake
muscle to accomplish desired results  Parkin and Hultin, 1982! and this
was evidenced by the small amount of muscle used in this study. In



practical terms then, efficiency of mixing may be at least as important
as the amount of muscle used.

In summary, small amounts of red hake tissue can significantly
modify the properties of gels produced without salt from flounder
muscle. Generally, there is a greater effect on elastic properties of
the gel than on hardness. Differences in hardness observed srrggest
that the properties of fish protein gels may be selectively modified,
perhaps to give a wider range of physical properties than is now
available. And finally, it would be expected that the phenomenon
reported here would also occur in the presence of salt.
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%AT IOIkL MAR I IE F ISHER I ES SERVICE
SALTOXSTALL-KEHEDY  S-K! FUND IIG:

TECHIICAL PEER REVIEW OF RATIONAL PRIORITY PROPOSALS

Paul Comar
Rational Marine Fisheries Service, SOAA,
National Seafood Inspection Laboratory,

P. O. Drawer 1207, Pascagoula, NS 39568-1287

IITRODUCTIOlf

The Saltoastall-Kennedy  S-K! kct mAes available to the Secretary
of Commerce up to 38 percent of the gross receipts collected under the
customs laws from duties oa fishery products. The Secretary must use a
portion of these funds each year to mike available grants to assist
persoas in carrying out research and development projects which address
aspects of Uaited States fisheries, including, but not limited to,
harvestiag, processing, aad associated infrastructures. This includes
both the camaercial and recreatioaal sectors of U.S. fisheries. For FY
87, 47.4 million was appropriated for the S-K program. Approximately
N59,008 was committed to fund the second aad third years of previously
approved multi-year projects, and about 4758,008 was placed in the
Fisheries Promotioaal Fund established by the Fish aad Seafood Promotion
kct of 1986. Therefore, about $6,1 million was used to fund new
fisheries research aad development projects.

The Rational Marine Fisheries Service  RIFS! identifies fisheries
fuadiag priorities in consultation with a wide cross section of the U.S.
fishiag industry. Priorities are identified on a regioaal basis
according to specific fisheries. These fuading priorities are listed by
region annually in the Federal Register with a deadline for submission of
proposals to address the needs. Priorities which cross regional
fisheries bounds or include all fisheries or regions are listed as
natioaal priorities. One portion of the entire proposal review,
evaluation aad approval proces is the technical peer review, which is
coordinated through the various Regional Offices. This paper describes
the process of the technical peer review for those proposals within the
national priorities designation,

METHOD

Over the past three years an average of 43 proposals have been
bmitted annually addressing national priorities as listed in the

Federal Register. These proposals are received, checked for
completeness and grouped under major headings by the S-K office ia
Vashingtoa, DC. The proposals are then sent to the WAIFS, Xational
Seafood Inspection Laboratory  ISIL! in Pascagoula, XS which coordinates
the technical peer review.

kfter receipt and review of the proposals at I'SIL, a list of
competent reviewers for each proposal is assembled. Through its conduct
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of the technical peer review over the past several years, the IISIL has
compiled a list of qualified aad committed reviewers who can assess the
technical merits of individual proyosals. Because funding priorities are
modified somewhat in the annual Federal Register solicitation, new
reviewers are added and some experienced S-K reviewers may aot be asked
to participate as necessary to address current year priorities. Usually
three to five reviewers are selected aad asked to review each proposal.
The proyosals are reviewed for technical merit by %IFS staff members from
the Vashington Office of Trade aad Industry Services; National Seafood
Inspection Laboratory, Pascagoula, IS; Resource Utilization Laboratories
ia Gloucester, Mk; Charleston, SC; and Seattle, VA. Additional reviewers
experienced ia the field of each proyosal are scientists and
professionals associated with other Federal agencies, universities and
other qualified groups. During the 1987 S-K process, there were 76
reviewers who participated in the national yriorities technical yeer
review. Gare is taken to ensure no conflict of iaterest by those taking
part in the review.

As detailed in the Federal Register solicitation, the proyosals are
evaluated under five general criteria:

1! Babism descriptioa and conceptual approach to resolve it;
2! Souadness of project design/technical apyroach;
3! Project management; experience/qualificatioas of personnel;
4! Project monitoring aa'd evaluation; aad
5! Project cost.

A standardized resyoase/scoresheet is completed by each reviewer on each
yroposal. Reviewers provide responses to specific questions and thea
score the proposal up to a set maximum point value in each of the five
criteria. The response/scoresheets are returned to the BASIL - nearly
2M in the 1987 S-K process.

The BASIL preyares a synopsis of each reviewer's comments along with
the reviewer's techaical score total for each yroyosal, A comprehensive
briefing book is yrepared, assembled and printed by the XS!L which
includes among its various sections these synoyses and a further single
statemeat oa the technical merit each of proyosal synthesized from
the reviewer comments.

,Bach regional review office conducts its owa technical review of
yroyosals submitted for fuadiag under the Federal Register listiag of
regional priorities. Vhat has just been described is the process used to
conduct the yeer review of yroposals which address national priorities.
The followiag comments in this section are added to complete the picture
on the final decision making process on actual funding of proposals.

After the technical evaluation, each reviewing office solicits
comments from the fishing industry, consumer representatives, and
others, as appropriate, to rank the yrojects filed with the office.
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This review is carried out by correspondence or by formal meetings of
industry representatives. The reviewers rank each project in terms of
importance or need for funding and provide recommendations on the level
of funding XNFS should award to each project and the merits and benefits
of funding each project. The recommendations are submitted to the
Assistant Administrator for Fisheries, who determines the number of
projects to be funded based on the recommendations provided, consistency
of projects with the identified fisheries objectives, and the amount of
funds available for the program. The Department of Commerce reviews all
recommended projects and funding before final authority is given to
proceed on the project.

DISCUSSIOX

Through the Saltonstall-Kennedy Act, the %PS is able to fund
proposals to develop, support, and benefit the U.S. fishing industry,
Several million dollars is available to projects which address the
established needs and priorities of the industry. The entire S-K review
process helps ensure funding of the very best proposals of high technical
merit and importance to the industry. The S-K program as a whole can be
only as good as the technical review of proposals by qualified
professionals in the various priority areas. The technical review for
national priority proposals as outlined in this paper is conducted to
ensure that the cream rises to the top.

It would be most difficult at a panel meeting to review and digest
the many response/scoresheets generated � again nearly 280 from the
198'7 national priority proposals. The briefing book of reviewer
comments, scores and recommendations prepared by ISIL is used to describe
the technical merits of proposals to an industry review panel. Through .
the cooperation of ISIL with the %PS Vashington Office of Trade and
Industry Services, a solid review package is assembled and presented to
the industry panel so that it can make infonaed funding recommendations
to the agency.
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guality Changes Occurring in Hybrid Striped Bass Skinless Fillets
and in Headed and Gutted Hybrids During Iced Storage

Nichael Jahncke, Malcolm B. Hale and Janet A. Gooch
National Narine Fisheries Ser vice

P.O. Box 12607
Charleston, SC 29412

INTRODUCTION

The pond culture of hybrid striped bass has great potential in
South Carolina. Personnel at the South Carolina Marine Resources
Division have been able to produce, under intensive management, approxi-
mately 7400 pounds of hybrids per acre in 18 months  personal communi-
cation, T.S. Smith, 1987!. Little information, however, is available on
the sensory characteristics of hybrid striped bass. This information is
necessary if hybrids are to be successfully marketed in the United
States.

The objectives of this research were to determine the 1! sensory
characteristics, and 2! to monitor the changes in sensory charac-
teristics, TBA values and total aerobic plate counts of iced hybrid
striped bass skinless fillets and iced headed and gutted  HIG! hybrids.

MATERIALS AND METHODS

Collection of Sa les
e s use 1n this study were cultured in ponds at the Waddell

Hariculture Center near Bluffton, S.C. The fish averaged 36.0 cm in
fork length  FL! and 765 g in weight. The fish, which were immediately
iced after harvesting, were processed commercially and transported to
the National Marine Fisheries Service Laboratory in Charleston, S.C.

Stora e of Sam les
si xty y r ass were divided into two treatments and prepared as

skinless fillets or headed and gutted fish  H8G!. The skinless fillets
were rinsed with clean water, placed on styrofoam trays and over wrapped
with saran. These trays were then covered with ice, placed in drainage
trays, and stored in a refrigerator. The headed and gutted fish were
rinsed, placed in an insulated chest, from which melt water was allowed
to drain, covered with ice and stored in a refrigerator. Samples were
randomly selected and evaluated beginning at one day of iced storage.

P were trained, using several species of fresh marine
fish as standards, according to the flavor and texture profile method of
Kapsalis and Hailer �980!. An unstructured 15 cm line scale, however,
was used instead of a 0-7 category scale, since an unstructured scale
generates data which can be analyzed by standard statistical methods
which assume a normal distribution.
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Place a vertical mark across the horizontal 11ne according to your judgeamnt
as to the intensfty of the attribute. Hark only the attr1butes you detect.

Absent
TOj

.Strong

TFI Absent Strong

Absent
Sueetness

Strong

Strong

Strong
Earthy

StrongAbsent
Rancfdfty

Cents:

Table 1. Flavor Profile Score Sheet

Color

N te

Soft

Flakiness

Very FlakySl ght

Chariness

Very ChewySl ght

Fibrous

Very FibrousSl ght

Itof stness

Very HofstSl ght

Cents t

Table 2. Texture Profile Score Sheet
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Place a vertfcal mark across the horizontal 11ne according to your Judgement
as to the 1ntensity of the attribute, Your eoments are encouraged.



nl on

.The fnftfal or early total impact of
ador.

Total Odor Intensft TOI ..

.The fnftfal or early total impact
of flavors.

Total Flavor lntensft TFI .

The basic taste sensation of whfch the
taste of sucrose fs typical.

Snaetnass..

.The taste sensation produced by acids.
The taste of vfnegar or lexon are typf-
cal examples.

Sourness. .

~Earth e ~ .The flavor associated wfth slfghtly
undercooked bo1 led potato, soil, or
muddy fish.

~Rants ds t The flavor assocfated with strong, oxi-
df zed rank, acrid flavor.

~hatt -hrtn......... A combination af the taste sensatfans
of sodfum chlor1de and the other salt
compounds faund fn ocean water.

Sh liras hs The flavor assocfated w1th any cooked
shellfish, such as labster, clam, crab,
ate eral l nn

Table 3. Definitions of Sensory Terms for The Flavor of Fish

ure e n on

Col or n ~ ~ ~ ~ ~ ~ ~ ~ . The perceived degree of darkness of the
flesh, 1gnorfng any concentrated dark

. lateral lines.

Hardness ~ ~ a ~ e ~ ~ ~ ~ ~ .The percefved farce required to
campress the sample using the malar
teeth.

Flakiness......... . The perceived degree of separatfon of
the sample 1nto individual flakes when
manipulated wfth the tongue against the
palate.

Olewfn'ass ~ ~ 4 ~ ~ ~ ~ ~ ~ . The total perceived effort required to
prepare the sample to a state ready for
swallowing.

Ff brausness. ~ . ~ ~ . . The perce1ved degree  number x sfze! of
f1bers evident during mastication.

~ ~fest st ness. . The perceived degree of ofl and/or
water fn the sample during chewing.

Table 4. Definitions of Sensory Terms for the Texture of Fish



Individual fillets  n-3 fillets/treatment! were randomly placed
into boil-in bags with drainage pockets, and cooked to an internal tem-
perature of 70'C. A six member trained sensory panel determined the
flavor and texture profiles of the fillets. The score sheets are shown
in Table 1 and 2, and the description of the sensory terms is presented
in Table 3 and 4.

upi i cate, on homogeni zed cooked
fillet samples, by the method of Woyewoda et al., �986!.

determined on the same day that sensory and
TBA analyses were performed..The microbiological analysis consisted of
total aerobic plate counts  TAPC!. Fifty gram samples  in triplicate!,
were aseptically removed from three raw skinless fillets and three raw
H86 fish. These samples were serially diluted and plated on standard
plate count agar. The plates were incubated at 20'C for 48 hours  AOAC,
1985!.

Statistical Evaluation

Statistical Analysis System  SAS Institute Inc., Cary, NC! was used
to do a two way analysis of variance on the results. Fisher's LSD Test
was used to further evaluate the samples whenever the F test was found
to be significant.

RESULTS AND DISCUSSION

Table 5 shows the proximate composition of raw and cooked hybrid
striped bass fillets.

Table 5. Proximate Compositions  weight percent of tissue sample!
of Raw and Cooked Hybrid Fillets

Moisture

Raw Cooked

75.93 72.45

AshProtein at

Raw Cooked

1.07 1.11

Raw CookedRaw Cooked

19.38 21.40 2.56 2.76
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e and ash of the raw and cooked fillets were deter-
mined in duplicate by standard AOAC �985! procedures. Lipid was deter-
mined in duplicate by a chloroform-methanol extraction method  Smith et
al., 1964!.
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Figure 1. Total odor intensity score f' or cooked fillets prepared from
iced skinless fillets or iced headed and gutted fish.
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Figure 2. Total flavor intensity scores for cooked fillets prepared
from iced skinless fillets and iced headed and gutted
fish.
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The sensory results fndicated that initially the fillets had a mild
total odor intensity  TOI!  Figure 1! and total flavor intensity  TFI!
 F1gure 2! with moderate sweetness  Tables 6 and 7!. The fillets had
no shellfish flavor. The dark flesh did, however, have a slight earthy
flavor  Tables 6 and 7!. The texture scores indicated that the fillets
were moderately flaky, slightly fibrous, moist, soft and easy to chew
 Tables 6 and 7!.

Iced storage had no significant effect on any texture scores
 Tables 6 and 7!  P > 0.05!. Iced storage d1d, however, have an effect
on flavor profiles  Ffgures 1, 2, and 3, Tables 6 and 7!, TBA values
 Figure 4! and total aerobic plate counts  Figure 5!.

Figure 1 ind1cates that, at 6-7 days of iced storage, TOI scores
increased signiffcantly in cooked f11lets prepared from iced skinless
f1llets and in cooked fillets prepared from HAG f1sh  P < 0.05!. At 9
days of iced storage, TOI scores for cooked fillets prepared from iced
skinless fillets were significantly higher than TOI scores of cooked
fillets prepared from HAG f1sh  P < 0.05!. Figure 2 shows that TFI
scores increased significantly at 5 and 13 days of iced storage for
cooked f11lets prepared from iced skinless fillets and for cooked
fillets prepared from iced H8G fish respectively  P < 0.05!. In
addition, at 5 days of iced storage, cooked fillets prepared from iced
sk1nless fillets had significantly higher TFI scores than cooked fillets
prepared from H8G fish  P < 0.05!.

These higher odor and flavor intensity scores were primarily due to
a combination of bacterial growth  Figure 5! and rancidity development
 Figures 3 and 4!. The TAPC for raw skinless fillets and raw HSG fish
1ncreased throughout iced storage  Figure 5!. The bacterial counts on
the skinless fillets were always higher than the HAG fish, as additional
processing and larger cut surface area may have provided a better taedium
with more surface for growth.

Figure 3 indicates that at 7 days of iced storage, the sensory
panel noted a significant increase in rancidity of cooked fillets pre-
pared from iced skinless fillets  P < 0.05!. In contrast, there was a
gradual but not sign1ficant increase in rancidity scores of cooked
fillets prepared from HAG fish  P > 0.05!. Similarly, at 6 days of' iced
storage, TBA values were s1gnificantly higher in cooked fillets prepared
from skinless fillets  P < 0.05!, but not for cooked fillets prepared
from HSG fish  P > 0.05!  Figure 4!.

In addition, after five days of iced storage, sweetness scores had
decreased significantly for cooked fi'tlets prepared from iced skinless
fillets  Table 6!  P < 0.05!. Sweetness scores in cooked fillets pre-
pared from HAG fish also decreased, but not significantly  Table 7!
 P > 0.05!. Earthiness scores, on the other hand, increased gradually
but not significantly duri ng iced storage  P > 0.05!. Earthiness scores
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Table 6. Flavor and Texture Profile of Cooked Fillets Prepared from
Iced Skinless Fi'tlets  Mean + S.D.; 15 cm Descriptive Scale!

ays on Ice

Flavor Profile

Sweetness

Sourness

Earthy

Sa 1 ty-b ri ny

Shel 1 f i sh

Texture Profile

Color

Hardness

Flakiness

Chewiness

Fi brousness

Moistness

3.3+1.7ab I 6pl 2b 2.0+1.9b

1.3+1.2a

I 6+I 8b

2.4+1.3'

2.3+F 8

1.5+0.8

0.0+0.0

3.7+1.6a

0.4+0.4 0.7+0.4

1.5+1.5 1.8+1.2

1.8+0.7 1.6+I.I

0.0+0.0 0.0+0.0

2.1+1.5 1.8+2.0

1.5+0.7 1.8+1.2

0.0+0.0 0.0+0.0

6.5+1.1 5.8+0.9

4.6+2.1 4.9+1.2

5.6+1.8 4.7+2.8

3.4+1.6 5.8+2.0

3.0+1.3 4.1+0.9

9.0+1.2 8.0+2.3

5. 3+1. 0 5. 8+1. 0

3.1+1.3 3.8+1.8

3.7+1.4 4.5+1.3

3.5+1.3 3.8+1.7

3.3+1.3 3.1+0.7

5.6+1.0

3.8+1.5

4.2+1.4

3.0+1.3

2.8+1.0

8. 0+1. 48. 0+2. 4 8. I+1. 9
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Means within the same row with the same superscripts are not statisti-
cally different  P > 0.05!.



Table 7. Flavor and Texture Profile of Cooked Fillets Prepared from
Iced H8G Fish Mean + S.D.; 15 cm Descriptive Scale!

ays on ce

13

Flavor Profile

Sweetness 2.5+1.2 2.1+1.6ab

1.4+0.7a 2.2+1.5aSourness 0. 5+1.1 0.7+0.6

Ea rthy 1. 4+1. 5 1. 3+1. 3

Salty-briny 1. 5+1.3 1. 5+1.1

Shel l f ish 0.0+0.0 0.0+0.0

Texture Profile

0.8+1.0

Fi brous ness 3.4+1. 7 4. 0+0. 9

7. 3+2. I B. I+1. 7 7. 8+2. 3Moi stness 7.6+2.08.3+2.2 7.6+1.8

Means within the same row with the same superscripts are not statisti-
cally different  P > 0.05!.
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Color

Hardness

Flakiness

Chewiness

5.9+1.0 5.1+0.9

4.6+2.0 4.2+0.7

5.9+I.l 5.0+1.0

3.0+1.1 4.5+1.6

2.3+1.3 b 1.6+1.1 2.0+0.9 b 1.4+1.2

l. 6+1. 9 I. 6+1. 3 1. 8+I. 4 2. 5+2. 0

l. 5+1. 0 1.8+1. I l. 2+0.8 1. 4+I. I

0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

4.8+0.7 5.4+1.1 4.9+1.5 5.6+1.1

3. 4+1. 0 3. 9+0. 9 4. 7+1. 5 3. 9+1. 8

4. 7+2. 3 4.8+3. I 5. I+I. 2 5. 5+2.2

3. 6+1.6 3.8+I. 4 4. I+0. 4 3. 9+1. I

2.9+1.0 2.9+2.1 2.9+0.9 3.3+0.7
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Figure 3. Rancidity sensory scores for cooked fillets prepared from
i ced skinless fillets and iced headed and gutted fish
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Figul e 4 ~ TSA values for cooked fillets prepared from iced skinless
fillets and iced headed and gutted fish.
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of cooked fillets prepared from skinless fillets were also higher, but
not s1gnificantly higher, than earthiness scores for cooked f111ets pre-
pared from H8G fish  P > 0.05!. This earthy flavor was primarily asso-
ciated w1th the dark red muscle fibers of the lateral line. The red
muscle fibers have been shown to contain more lipid than the white
muscle fibers  George 1962, Thurston and MacMaster, 1960!.

Tables 6 and 7 show that at 5 and 7 days of iced storage, sourness
scores increased significantly fn cooked fillets prepared from skinless
fillets and in cooked fillets prepared from H&G fish  P < 0.05!. This
increase fn sourness scores may have been a result of bacterial activity
 F1gure 5!. At 13 and 16 dyes of 1ced storage, the study was ter-
minatedd, since TAPC were 10'/g and spoilage odors were present in both
the iced raw skinless fillets and iced raw H&G fish respectively  Figure
5!.

CONCLUSIONS

1. TOI scores increased significantly, at 6-7 days of iced storage,
fn cooked fillets prepared from skinless fillets and in cooked
fillets prepared from H8G fish  P < 0.05!.

2. At 9 days of iced storage, TOI scores of cooked fillets prepared
from skinless fillets were significantly higher than TOI scores of
cooked ffllets prepared from H&G f1sh  P < 0.05!.

3. TFI scores increased significantly at 5 days of iced storage
for cooked fillets prepared from iced skinless fillets and at
13 days of iced storage for cooked f i 1 1 ets prepared from H8G
fish  P < 0.05!.

4. At 5 days of iced storage, cooked fillets prepared from iced
skinless fillets had significantly higher TFI scores than cooked
fillets prepared from H8G fish  P < 0.05!.

5. TBA values and rancidity sensory scores increased significantly at
6 and 7 days of feed storage, respectively in cooked fillets pre-
pared from iced skinless fillets  P < 0.05!.

6. There wer e no significant changes in TBA values or rancidity sen-
sory scores fn cooked fillets prepared from H&G fish  P >0.05!.

7. Sweetness scores of all samples decreased during 1ced storage.

8. Earthiness scores of all samples fncreased gradually, but not
significantly, during iced storage  P > 0.05!.

9. There were no significant changes in texture scores of any samples
during iced storage  P > 0.05!.
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Figure 5. Total aerobic plate counts for iced raw skinless fillets
and iced raw headed and gutted fish.
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10. At 13 and 16 days of iced storage, respectively TAPC were 10 /g
and spoilage odors were evident in raw skinless fillets and in raw
H8G fish.
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INTRODUCTION

Pacific hake  t arlucc us productus! is an underutilized fish
resource in British Columbia. In 1982, the ddmestic catch was only
15K of the annual total allowable catch while the national and
co-operative fisheries of Poland, the USSR and Japan exceeded their
annual total allowable catch in Canada's 200 mile exclusive economic
zone. Co-operative fishing, where domestic boats transfer their catch
at sea to foreign vassals for processing and export, does employ
Canadian fisherman but, does not realize the potential profits
associated with post harvest production and marketing of value added
products.

The Pacific hake fishery in British Columbia occurs in two areas,
the primary area is in offshore waters west of Vancouver Island along
the edge of the continental shelf and a smaller secondary stock occurs
in the Strait of Georgia which runs between Vancouver Island and
mainland British Columbia. The fish in Georgia Strait have a slower
growth rate  Stocker, 1981! with an average weight of 580 g as
compared to 1080 g for offshore stock  Buechler and Proverbs, 1983!.

Pacific hake in Canadian waters are known to be infested with two
species of Kyxosporean protozoan parasites: Kudos ~th rsitis and Kudos
paniformis Kudos ~th .rsitis has keen found in hake harvested in
offshore waters west of Vancouver Island and in Georgia Strait;
however, Kudos paniformis has keen found only in the offshore stock
 Kabata and Whitaker, 1981!. Tsuyuki et al. �982! associated the
presence of Kudos pan formic with mushiness in the cooked texture of
Pacific hake. They found that the muscle tissue of fish infested with
only Kudos ~th rsitis contained an enzyme with a strong proteolytic
activity in the acid range. The acid protease was heat labile and did
not lead to an unacceptable mushy texture upon cooking. However,
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musola tissue of wast toast hake infested with Kudos geniyormte alone
or together with Kudos ~th rsitis demonstrated strong protaolytto
activity in both acid and neutral ranges. Muscle with proteolytic
activity in the neutral pH range would become mushy during slow
cooking and the enzyme concerned was relatively heat stable with an
optimum activity at 50-60'C. Willis �949! hypothesized that the
proteolytic activity was highly localized within pseudocysts and while
living, the host removed the enzyme by blood circulation. But, after
death of the host, the active proteolytic enzymes diffused from the
cyst to the adjacent muscle fibers and damaged the texture of the
flesh.

If Pacific hake is to be utilized for human consumption it is
critical that the cooked fish has acceptable textural qualities. The
objective of this work was to study the textural properties of Pacific
hake after quick heating by thermal processing in cylindrical and thin
profile cans.

METHODS

Fish used in these experiments were obtained in three lots from
two sources. West coast offshore samples, caught by a Polish midwater
trawler, had been frozen on board, sealed in polyethylene bags and
stored in paperboard cartons. Once obtained, the fish were stored at
-29'C for later filleting ~ Fish obtained from Georgia Strait were
stored on board in refrigerated seawater tanks at -1.1 C for up to 3
days prior to landing on shore. The first lot was then stored at
-29'C awaiting further processing while the second lot was kept on ice
in a O'C cold room for up to four days prior to the completion of
filleting. Both frozen sample lots were thawed in running tap water
mixed with ice before filleting on both sides of the body. The paired
fillets were cleaned, placed into barrier bags  Cryovac Division,
W.R. Grace 6 Co. of Canada Ltd kg Mississauga, ON!, vacuum packed and
stored at -29'C.

Kabata and Whitaker �981! reported that the two species of
myxosporean parasites in Pacific hake could be identified by
differences in the shape and size of their spores. In this study, the
occurrence and severity of parasitic infestation were evaluated by wet
mount microscopic examination of fish muscle tissue using a light
microscope  E. Leitz Wetzler! under phase contrast illumination at a
magnification of 40GX. The parasite spore intensity was evaluated by
observing the average number of spores in three randomly selected
fields. Severity of parasitization was arbitrarily categorized on the
basis of the average number of spores per field as: light, less than
6; medium, 6 to 19; heavy, 20 to 29; and very heavy, greater than 29.
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Three containers were used in the canning operations, three-piece
tinplate half �07x200.5! and quarter-pound �01x106! salmon cans and
two-piece aluminum quarter dingley �05x76x21.3 mm! cans. The fill.
weights were 175, 85 and 85 g, respectively. The half-pound salmon
cans were vacuum seamed and processed in a pilot scale vertical steam
retort  Patterson Boiler Works I.td., Vancouver, BC!, whereas the
quarter-pound salmon and dingley cans were sealed at atmospheric
pressure and processed in an F8C 500W water immersion pilot scale
sterilizer  FMC Corporation, Hadera, CA!.

Thirty heat penetration histories were recorded for each can type
to determine the processing times required to commercially sterilize
the fish. Temperature measurements in the tinplate cans were made
using Ecklund non-projecting thermocouples  O.F. Ecklund, Cape Coral,
FL! with Teflon insulated copper/constantan leads  Type TT-T-24, Omega
Engineering Inc., Stamford, CT!. Thermocouples of the same type were
introduced into the aluminum cans using Ecklund pouch packing glands
and the environmental temperature in the retort was also monitored
using type T thermocouples. All the thermocouples were calibrated in
a circulating oil bath against an ASTN thermometer at each processing
temperature.

Temperature measurements were recorded at one minute intervals on
a Kaye Ramp II Scanner/Processor data logger  Kaye Instruments Inc.,
Bedford, HA! and stored on digital tape  Columbia Data Products Inc.,
Columbia, HD!. The centerpoint temperature history data were analyzed
using a microcomputer to evaluate the heating and cooling rate indices
 fh and fc!, and the heating and cooling lag factors  jh and j c! for
each teat can. The lag factors were adjusted to correct for the
effects of the non-proj ecting thermocouple receptacles and Stumbo's
formula method  Stumbo, 1973! was then applied to calculate estimates
of the process times to achieve a target process lethality, Fo, of 6
min at an initial product temperature of O'C and retort temperatures
of 115, 120 and 130'C for each test pack. Estimates of the process
times were then calculated as 3 standard deviations above the mean
estimated process time determined for the individual test packs. This
approach acknowledged the variabilities in the retort heating
conditions and the can-to-can differences in the product, providing a
statistically based level of probability that. the target lethality
would be delivered to the product during processing  Tung and Garland,
1978!.

Fish samples from each lot were canned in three different
container types at processing temperatures of 115, 120 and 130'C.
Only fish with light or medium levels of parasite infection were used
to ensure homogeneity in raw material quality. Weight loss during
processing was assessed by comparing the weight of the cooked fish,
after draining over a sieve  /$10 mesh size, 2.0 mm! for 2 min, to the
original product weight.

323



Mechanical textural analyses were completed in duplicate using an
Instron 1122 Universal Testing Machine  Instron Corporation, Canton,
MA! equipped with a standard Kramer Shear-compression test cell. The
number of blades in the Kramer cell was reduced from 10 to 4 and the

cell capacity was also reduced for the experiments. The crosshead
speed was set at 50 mm/min, the chart speed at 100 mm/min and the
sensitivity at 100 kg full scale. A 25 g sample of white muscle from
the cooked fish was separated from the skin, bones, dark muscle and
blood vessels, flaked and packed in the cell for each test. Thorough
flaking of the fish improved the homogeneity of the test sample and
increased the randomness of the fiber orientations with respect to the
shearing blades. The compression cycle was terminated when the blades
passed through the bottom of the cell. The force curve was examined
to determine the hardness and firmness of each sample. Hardness was
measured as the peak force observed and firmness as the slope of the
initial straight line portion of the curve.

RESULTS AND DISCUSSION

Microscopic examination of the tissue samples revealed that fish
harvested in west coast offshore waters were infected by two species
of ~tr aos ores, Kudos ~th rsitis and Kudos paniformis wh,ereas those
from G !gaia Strait wsr'e infected only by Kudos ~th rsitis Am.ong the
offshore hake  n 281!, 42.3Z had mixed infection, 35.6Z were infected
only by K. panifomais, li.pg ware infected only by K: ~th rsitis and
7.1Z were non-infected, whereas 76.9Z of the fish sampled from Georgia
Strait were parasitised only by K. ~th rsitis and the rest were free
from infection. The severity of parasitization is indicated in Table
1 in terms of parasite spore intensity. In most of the mixed
infection cases, both parasites had low spore intensities and very
often, the number of spores observed in a selected field under the
microscope was only one or two. Tissue samples had to be examined
repeatedly in order to confirm mixed infection. Heavily infected fish
with a high spore intensity could usually be identified without
difficulty due to the presence of infected muscle fibers which varied
in color from yellowish white to dark brown or black. The variation
in the color of the infected muscle fiber was thought to be due to
defensive mechanism of the fish in which melanin granules were
deposited around the infected fibers  Kabata and Whitaker, 1981!.
Occasionally the presence of black pseudocysts did not coincide with a
high spore intensity in the same tissue sample as most of the spores
were deformed, probably due to melanin deposition, and confined within
the pseudocysts. The west coast offshore fish fillets with high
parasite spore intensity tended to show softness in texture and the
muscle could be easily teased apart when the tissue sample was
prepared for microscopic examination. For the purpose of this study,
only fish with light and medium levels of infection, in terms of
parasite spore intensity, were used.
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Table 1. Occurrence and severity of parasitization of Pacific hake
harvested in offshore waters west of Vancouver Island and
in Georgia Strait

A. Fish samples from offshore waters west of Vancouver Island  n 281!

TYPES OF PARASITIZATION
PARASITE SPORE
lNTENSITYa MixedbSingle Total

K. ~th rsitis K. ganitormis

100 119

TYPES OF PARASITIZATION
PARASITE SPORE
INTENSITYa MixedbSingle Total

K. ~th rsitis K. paniformis

265
14

I

280 363

L:<5, M:6-19, H:20-29, VH:>30
Parasite spore intensity based on counting of K. ganitormis spores.
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None

Light  L!
Medium  M!
Heavy  H!
Very Heavy  VH!

B. Fish samples from Georgia Strait  n-363!

None

Light  L!
Medium  M!
Heavy  H!
Very Heavy  VH!

60
15

8

17

67

30
7

15

20
169

45

15
32

281

83
265

14
I



The heat penetration parameters were calculated from the center-
point temperature histories  Table 2!, and Stumbo's formula method was
used to generate the process times used in experiments  Table 3!. As
expected the process time decreased as can thickness decreased and
retort temperature increased.

The mean observed weight losses of the fish were 27.3, 21.2 and
19.7X for half and quarter-pound salmon and quarter dingley cans,
respectively. Retort temperature was significant  p<0.05! in
increasing weight loss only when processing in half-pound salmon cans
at 115'C as compared to 120 and 130'C, and this increase was small
 about 11! in absolute terms.

Figure 1 shows typical force-deformation curves observed during
the study and the results of the textural analyses of the different
fish, packages and retort temperatures are summarized in Tables 4 and
5. The textural properties of Strait frozen  SF!, Strait chilled  SC!
and West Coast offshore  WC! samples packed in half-pound salmon cans
were not. significantly  p>0.05! different for different retort
temperatures. Samples processed at 120 and 130'C in quarter-pound
salmon and dingley cans were significantly  p<0.05! harder and firmer
than those processed at 115'C. Similarly, WC samples processed at
130'C were harder and firmer than those processed at 115 or 120'C.
The texture of SC samples was unaffected by retort temperature.

The fish type had a significant  p<0.01! influence on texture
with the WC samples exhibiting the greatest firmness and the SC
samples the least. Fish caught at different times in Georgia Strait
which were infected only with thc myxosporean parasite, K. ~th rsitis
but subjected to different postharvest handling conditions exhibited
significantly  p<0.01! different textural characteristics. The
processed SC fish texture was considered soft but not mushy when
tested organoleptically. The softness may be a consequence of the
time delay until initial freezing, the number of freezing cycles or
the condition of the fish at harvest. For example, Dunaj ski �979!
reported that the texture of fish muscle could change during spawning
season.

West coast offshore fish samples were parasitized with either
light or medium infections of K. Kaniformis alone cr together with K.
~th rsitis. The presence of K. Kaniformie apparently did not cause
mushiness in the cooked texture of canned west coast offshore hake.
The muscle protease s! associated with Pacific hake muscle tissue
infected with K. Ksniformis is relatively heat stable with an activity
optimum at 55-60 C  Tsuyuki et al., 1982!. The heating rates were so
rapid in all three container types that the duration of time in that
temperature range was l,ess than one minute. Patashnik et al. �982!
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Table 2. Heat penetration parameters for Pacific hake in
three types of containers

MEAN VALUES

 STANDARD DEVIATIONS!
CONTAINER TYPE

fc
 min! min!

Half pound salmon

Quarter pound salmon

0.79

�.24!
Quarter dingley 9.03

�.18!

Table 3. Process schedules of Pacific hake processed in different
containers and at different retort temperatures

OPERATOR'S PROCESS TIME  min!CONTAINER TYPE

Retort temperature  'C!
115 120 130

76. 1 56. 5 41.4

25. 857.9

23.5 13.0

*Fo 6 min, Initial temperature O'C

327

Half pound salmon

Quarter pound salmon

Quarter dingley

20.34

�.08!

16.67

�.68!

33.96

�.51!

17.71

�.42!

7.10

�.71!

2.65

�.77!

1.72

�.43!

1.23

�.08!

1.38

�.11!

1.07

�.20!
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Table 5. Summary of F values from an analysis of variance of the
textural properties of thermally processed Pacific hake

F-VALUESOURCETEST

1/2 lb Salmon 1/4 lb Salmon 1/4 Dingley

Fish Type  F!
Retort Temp  T!
FT

84.96**

0.27 n.s.
0.22 n.s.

164.65**
16.11**

1.77 n.s.

67,28**
8.40**

1.90 n.s.

Hardness

Fish Type  F!
Retort Temp  T!
FT

113.82**

0.51 n.s.

0.53 n.s.

214.18**

10.78**

0.98 n.s.

78,67**
7. 6 1**

1.40 n.s.

Firmness

Fish Type  F!
Retort Temp  T!
FT

3. 51+
7.60**

0.73 n.s.

0.10 n.s.
1.28 n.s.
2.34 n.s.

0.21 n.s.
0.24 n.s.
2.21 n.s.

Weight Loss

** significant at p<0.01
* significant at p<0.05

n.s. not significant  p>0.05!

found that the enzyme s! was completely inactivated by heating at 70'C for
10 min. This suggests that rapidly heating Pacific hake to an internal
temperature higher than 70'C inactivated the enzyme during cooking.

In conclusion, Pacific hake harvested from Canadian waters and
thermally processed exhibits acceptable texture when heavily parasitized
fish are eliminated from the raw material supply and good postharvest
handling practices are observed. Further studies are necessary to
establish optimum process schedules for each container type based on other
quality attributes such as color, flavor and appearance of the final
product.
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ON BOARD FISH HANDLING SYSTEMS FOR OFFSHORE WETFISH TRAWLKRS
"Work Smarter, Not Harder"

by

W.K. Rodman, F. Eng.
Engineering Services

Fishery Development Division
Departmeat of Fisheries and Oceaas

P.O. Box 550

Halifax, Nova Scotia, Canada
B3J 2S7

ABSTRACT

Fish handling equipment and procedures employed on board three
representative offshore trawlers were observed and analysed using
elementary time-and-motion techniques and a video tape record of
observations. These observations and analyses were used to develop an
improvement strategy and to subsequeatly design a new fish handling
system. This prototype system was iastalled on board the trawler, the
"Cape Huater" �6 m LOA! and its performance was evaluated. Results of
this conversion have beea very positive with a considerable increase in
productivity and improvements in crew comfort. Pour other trawlers have
been converted to similar systems as a direct result of this work.
Quality improvement evaluations are currently under investigation.

INTRODUCTION

Recent technological advancements on fishing vessels have focussed
primarily on the ship's structure aad sophisticated electronic
equipment. Hull design, deck layout and detection equipment have
contributed to much-improved catch efficiency. The processing and
stowage systems, however, have received much less atteation.

The increasing international demand for premium quality fish
products provides ample inceative to improve fish handling systems that
can impact directly on fish quality.

A previous study entitled, "Dockside Grading Project - Canso
Seafoods"  Canadian Industry Report, Fisheries and Aquatic Sciences No.
148! hae showa that there was a direct correlation between rapid
handling and Increased Grade A landings. Figure l shows the
relationship between t' he percentage of fish assessed to be Grade A at
dockside and lag time; that is, time between the codend being landed and
iced storage. This curve suggests that a reduction in lag time of one
hour for example, could result in as much as a 20X increase in the
percentage of Grade A fish landed. Low crew productivity and systems
that failed to consistently handle fish in an efficient and gentle
manner were seen as an opportunity to enhance landed quality and to
improve the utilization of our finite fishery resources.

332



METHOD

A contract was awarded to A. Orlic Associates Ltd. of Halifax, Nova
Scotia, to investigate present on board fish handliag practices, systems
in use and to recommend possible improvements.

Between June and December 1984 three trips were made on board
typical offshore trawlers employing different fish handling systems,
procedures and equipmeat. Qualified observers prepared detailed logs,
iacludiag time-and~tion data and made video tape records of thei.r
observations. This data was aaalysed aad the results were presented to
an industry Review Committee which had been formed to oversee and guide
the study. These consultations resulted ia a design strategy for a new
fish handling system. A. Orlic Associates Ltd. then prepared a detailed
design of a prototype system for installation and evaluation aboard a
typical offshore trawler. This system was installed on board the "Cape
Hunter", aad the prototype fish handling system's performance, in terms
of productivity and landed quali.ty, was aaalysed.

CURRENT COMMERCIAL PRACTICE

The following summarises the results of the analyses performed on
the fishing trawlers "Cape Charles" �5 m LOA!, "Cape Fame" �0 m
LOA! and "Hillsboro" �1 m LOA!.

 A! Manual Gutting

Two procedures were observed in use under commercial conditions and
analysed in terms of productivity.

The 1-Step method, as the name implies, involved the entire gutting
process being performed by one man. A variety of individual techniques
were observed with varying gutting rates in the range of 6. 3 to 11. 2
fish/man~nute. It was noted that the "best" gutters were all of a
similar height and when casually observed, they did not seem to be
workiag any harder. Upon close examinati.on of their technique, however,
it was evident that there were few, if any, wasted movements. These
individuals had learned to work smart which resulted in reduced effort
and improved performances

Utilising the 1-Step method, the average worker performance
observed was 8.8 fish/maa~iaute

The 2-Step method consisted of two distinct operations. The first
worker selected, oriented, and cut the throat and opened the belly of
the fish. The fish was then deposited into a holding bia where a
second worker removed the gut cavity contents. Two of the vessels
investigated employed this process aad achieved a combined gutting rate
in the range of 7.1 to 7.9 fish/man-minute-

Utilising the 2-Step method, the average worker performance
observed was 7.5 fish/man-minute.

 B! Machine Gutting

Gutting machines were employed oa board two of the vessels to
process cod and pollock. Other species, such as haddock and halibut,
were manually gutted as were cod and pollock judged to be outside the
set operating range of the gutting machines.
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The machines utilized on board both vessels were the
Kronborg-Jutland MK III auComatic gutters.

The guttiag rate observed for the machines was in the range of 17.8
Co 26,0 fish/machine~inute, for an average rate of 21.9
fish/machine~nate. This was approximately 73X of the machine's
theoretical capacity.

There was some criticism of the gutting machine's performance as
the cuts were not always straight and clean, and Chere was some
requirement to inspect and remove bits and pieces of viscera not
completely removed by the machine~uttiag process. This problem was
attributed to inadequate maintenance and/or poor adjustmenC.

ERGONOMICS

Generally speaking, ergonomics was not a prime consideration when
the surveyed vessels were originally designed and equipped. Manual and
and machine-gutting stations were located within the available space
with interconnecting conveyors and chutes installed to establish a flow
of fish through the processing area. Crew members were required Co
virtually "insert" themselves into their work stations. As a result,
productivity was low aad fish were often "forked" and thrown from one
station to another.

The gutting machine operators were crowded and required to select
from a bin of unsorted fish. Often the layout required the operator to
bend and twist each time a fish was processed. The result was a
fatiguing work pattern which tended to reduce productivity.

STRATEGY TO IMPROVE THE ON SOARD FISH HANDLING SYSTEM

A Review Coozsittee, composed of industry representatives and
various fishery professionals, was formed to review the analyses, video
tapes and raw data gathered by Che observers, and to formulate a
strategy to design a new' fish handling system that would enhance crew
productivity and fish quality. The strategy agreed upon was as follows'-

1. Optimize the use of automatic gutting equipment.

It was agreed that the new system should attempt to fully
utilize automatic gutting machines since they offered the most
potential to rapidly gut large numbers of fish.

In theory, the automatic gutting machine offers an
iacrease ia guttiag rate �0 fish/minute! over the manual
1-Step method of more than 340X.

It had been observed that when fish were machine~utted,
it was often accessary to inspect the gut cavity and remove any
bits and pieces aot completely removed by the machine. The
Committee was of the opinion Chat if the operators processed
oaly appropriate species within the correct size range and if
the machines were well-adjusted and maintained, then the
performance of the equipment would be acceptable. This opinion
was corroborated to a large extent by the Tarry Research
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Station assertion that their fish handling system, which
centered around the Kronborg-Jutland Nark III/s machines, had
been very successful and that, the gutting machines in
particular, had performed very well.

2. Utilize the 1-Step manual gutting method.

Since not all fish captured are suitable for machine
gutting, either because of physical structure or size, it was
considered essential that a significant manual gutting capacity
be designed into the system.

The 1-Step method of gutting offered a productivity
improvement in the order of 17Z over the 2-Step method and did
not require any additional crew handling or facilities.

Using the 1-Step method, by-catch could be segregated by
the manual gutters and immediately processed.

The 1-Step method also allowed for a good deal of
flexibility as workers could be added or redeployed at will to
optimize throughput as required.

3. Design the individual work stations using sound ergonomic
design principles .

It was the recommendation of the Review Committee that
every effort be made to improve the quality of the working
environment and to minimize the need for the workers to lift,
throw and bend in order to accomplish their tasks.

It was also felt that worker attitude could be improved by
making the process area as bright and attractive as possible.

4. Eliminate multiple or repeated handling of fish

The Review Coazaittee agreed that multiple handling of fish
was damaging as well as wasteful.

The immediate 1-Step method of gutting by-catch, for
example, was an opportunity to reduce double handling and to
begin the bleeding process as soon as possible.

5. Utilize conveyors, chutes, mechanical washers, flumes, etc., to
ensure a gentle, steady and uniform flow of fish.

Essentially, this strategy focussed on means of conveying
fish from one station to another in a reliable, steady and
gentle manner. Previous layouts often required fish to be
thrown and/or forked from station to station, which resulted in
the puncturing and crushing of flesh. Inappropriate slopes in
the receiving areas and conveyors that did not self-feed
required human intervention and clearly did not contribute to
an efficient system.
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COSTI BENKF IT

It was estimated that the new fish handling system could increase
at:-sea productivity by as much as 19-56X. This estimate was obtained by
comparing the likely performance of an integrated and ergonomically

� l00
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I 20 0 0 i 2 8 0 5
Maximum Lag Time  hours!

Figure 1. Relationship 8etween Percentage of Grade A
Fish at Dockside and Lag Time.

Source: Dockside Gradin Pro ect - Canso Seafoods.
ana an ndustry eport o s eries and

Aquatic Sciences jh . 148.
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designed system with those rates actually measured at-sea on board the
three analysed trawlers.

The benefits of improved productivity are considered to have two
distinct aspects. The first is an enhanced work environment and work
that is less physically demanding. Its value is almost intangible and
so no attempt was made to quantify it in terms of dollars and cents.
The benefits in terms of enhanced quality are very real but are
difficult to isolate and quantify. It was estimated, however, that by
reducing the handling time' Figure 1!, a significant improvement in
landed quality was likely and if the incidence of rough handling could
be reduced, then improved yields and higher product grades were likely.
Modest improvements in these two areas alone could 3ustify an
expenditure in the order of $150,000 with a payback period of about one
year.

On this basis, it was decided to proceed with a prototype system
and to evaluate its performance.

VESSEL SELECTION

The "Cape Hunter" was selected as the test vessel for the following
reasons.

1. The "Cape Hunter" is one of nine vessels in the Fox class.

2. The captain and crew were supportive of the goals of quality
enhancement and improved crew productivity. The Review
Cossaittee was therefore confident that the new system would be
given a fair trial,

3. The vessel was already fitted with two automatic gutting
machines and so the crew were experienced in the machines'
operation and maintenance.

4. The Fox class represented a real challenge as there was very
little room to install a completely integrated system. It was
therefore evident, that if we were able to achieve a measure of
success on this vessel, then deriving similar benefits on other
classes would be considerably less difficult.

"CAPE HUNTER" � ORIGINAL LAYOUT

The original layout is shown in Figure 2.

In October 1985, a trip was made on board the "Cape Hunter" in
order to document the existing fish handling system's performance.

Several "bottlenecks" and opportunities for improvement were noted
as outlined belo~.

1. The gutting machine operator was crowded between two manual
gutting stations.

2 ~ The gutting machine operator was compelled to handle unsorted
fish.
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Figure 2. Original Processing Layout; "Cape Hunter".

Figure 3. Prototype Processing Layout; "Cape Hunter".
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3. The gutting machine operator was forced to stoop and twist in
order to select fish.

4. Machine-gutted fish were often poorly washed as the fish were
deposited into the washer at the washer discharge conveyor.

5. The receiving bin was poorly configured and inadequately sloped
to empty itself and feed the incline conveyor to the processing
area.

6. Sy-catch was repeatedly thrown and allowed to warm up while the
primary species was processed.

7. Trash fish had to be moved by hand to the fish grinder for
disposal.

8. The lighting was inadequate and harsh shadows were common in
the work areas.

The following tables summarize the productivity performance of the
"Cape Hunter' s" processing deck operations in the "before" condition.

It should be noted that the gutting machines were not utilized to
any significant extent on this trip.

"CAPE HUNTER" - PROTOTYPE LAYOUT

The prototype layout is shown in Figure 3 ~

The modifications began, however, in the receiving bin. The bin
was reconfigured and sloped at the expense of some loss in holding
capacity to ensure that the incline feed conveyor would be self-feeding.
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The Review Committee decided to adopt the l-Step gutting method
which had been observed to be more productive. The manual gutting
stations were positioned upstream of Che automatic gutting machines so
that the manual gutters could remove all desirable by-catch aad fish
beyond the set operating range of the gutting machines.

The manual gutting boards were hinged on one end to facilitate crew
accessibility and mounted on slides to accommodate either right or
left-handed workers. Four workers could be comfortably accommodated
using the four gutting boards which were adequately sized and arranged
to accommodate up to eight workers on an intermittent basis.

The heights of the delivery/selection conveyor, gutting Cable and
flume to the wash tank were convenient so that fish did not have to be
picked up or otherwise lifted on a continuous basis. By-catch, when
selected by a worker, was gutted and placed in a by-catch holding bin
located beside the worker and above the wash tank. By-catch was held
there until the maia species had beea processed, at which time the
already gutted aad bled by catch could be dumped automatically into the
wash tank for washing and delivery to the fish hold.

Xt has subsequently been recommended that a system of spray nozzles
be installed over the by-catch bin in order to assist washing and
cooling.

Fish which remained on the delivery/selection belt were conveyed to
a commoa storage hopper located between the gutting machine operators.
The operators were simply required to orient and slide the fish along
the hopper edge into the gutting machiae in a smooth, non-lifting
motion.

Undesirable by-catch which accumulated in the hopper could then be
dumped into a grinder by simply opening a sliding gate.

All gutted fish were flumed or dropped into a swirl tank washer
which washed the gutted fish in large quantities of clean sea water
before the rolliag action of the boat deposited washed fish onto che
incline conveyor leadiag to the fish hold. As the fish were lifted out
of the wash tank, they were gently rinsed with clean sea water, prior to
being delivered Co the fish hold.

RESULTS AND DISCUSSION

After completion of the prototype fish handling system in July
1986, two trips were observed to evaluate the new system in terms of
crew productivity. The following suizaarizes the performance of the Cape
Hunter's processing deck operation in the "after" condition.
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following details the results of the observations.

The reconfigured receiving bin was able to accommodate the
contents of the codends and reliably delivered fish to the
incline conveyor supplying the processing area.

The 1-Step gutting method resulted in approximately a 30X
improvement in productivity.

2 ~

This improvement in gutting rate was below the assumed figure
of 8.8 fish/manwinute; however, the crew were still ad]usting
to the new system and had not fully learned to use the 1-Step
method. Further improvements are anticipated as the crew
becomes more familiar with the method.

30 The machine gutting rate decreased by approximately 12X,
however, the utilization of the gutting machines increased by
more than 41X.

The gutting machine did not perform well as it was necessary to
inspect and clean machine~utted fish. The inspection of
machine-gutted product increased from 5X to approximately 28X
of effort.

4.

5. The overall system throughput increased by approximatel,y 50X.

This increase throughput was due primarily to the virtual
replacement of hand gutting by the higher output gutting
machines.

CONCLUSIONS
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The new fish handling system has been in constant use since the
conversion of the "Cape Hunter" was completed in August 1986. Crew
coiinents have been very positive and National Sea Products Ltd. have
converted four other vessels to similar systems.



Refinements including improved automatic gutting machines, abashing
equipment, inspection stations and the introduction of fish chilling
equipment are presently under consideration.

Subjective assessment of improvements in the quality mix of fish
landed by the "Cape Hunter" are very positive and estimated to be in the
range of 5-10'. Dockside grading and plant utilization data are
currently being analysed in an attempt to quantify the value of "Cape
Hunter" landings versus conventionally equipped vessels.
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POLYPHOSPHATE DETERMINATION IN SHRIMP USING HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY

Melissa Sturno, Maurice R. Marshall,
and W. Steven Otwell

Food Science and Human Nutrition Department,
University of Florida, Gainesville, FL 32611

INTRODUCT10N

Polyphosphates  POP! application in the seafood
industry is expanding and includes both the fresh and
processed market. Treatment reduces thaw-drip loss, results
in improved texture and quality, and improves particle
binding. POP are also used to soften underskins, thereby,
facilitating peeling and increasing yields in the shellfish
industry  Steinhauer, 1983!.

Tripolyphosphate  TPP! is the predominant phosphate
species used in the seafood industry, although hexameta-
phosphate may also be incorporated  Schwartz, 1987!.
Hydrolysis of POP, either enzymatically and/or
nonenzymatically, readily occurs during fresh and frozen
storage  Sutton, 1973; Reddy and Finne, 1986; Reddy and
Finne, 1985; Tenhet et al., 1981b! forming orthophosphate
 OP! whi0h cannot be differentiated from the naturally
occurring phosphate.

Existing procedures for POP determination in foods are
not designed for quick and sensitive detection. Thin layer
chromatography {TLC! is generally used for polyphosphate
detection in both meat and seafood  Gibson and Murray, 1973;
Tenhet et al.; 1981a; Reddy and Finne, 1986!. Although high
performance liquid chromatography  HPLC! has been used for
POP detection in other chemical sectors, it has not been
modified for application in the seafood industry. Fitchett
and Woodruff �983! developed a procedure for POP
determination  of sequestering agents in detergents!
involving an anion-exchange column and UV detection. An
HPLC procedure which could simplify phosphate detection in
seafood would have potential for widespread use in research
and routine analysis by expanding their potential
application, while discouraging abusive application. The
main objectives of this study were to develop an HPLC, ion
chromatography  IC! technique for the detection of
orthophosphate, pyrophosphate and tripolyphosphate levels in
shrimp.
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MATERIALS AND METHODS

Double-distilled deionized water was used in all
solution and extraction formulations. Reagent-grade
chemicals were used unless otherwise stated. All equipment
used was acid washed to remove any residual phosphate.

Fresh, headed, untreated, pink shrimp were received
from Tampa, FL on various occasions. Samples were placed in
quart-size plastic containers and stored at -20 C until
treated. Prior to treatment, the desired sample size was
retrieved from storage, placed in Whirl-Pak bags and thawed
under running water. The shrimp were peeled, deveined and
then treated. Shrimp were dipped in various concentrations
�%, 1 ~ 0%, 1.5%, or 2.0% w/v, TPP! for 6 min at room
temperature. Commercial dip applications were 3% TPP for 6
min.

Commercial food-grade phosphates were donated by Food
Machinery Corporation  FMC!. Disodium hydrogen phosphate
 OP! and tetrasodium pyrophosphate  PP! assayed at 100%
purity and were employed directly in standards. Sodium
tripolyphosphate  TPP! was purified using a water/ethanol
recrystallization method  Greenfield and Cliff, 1975!, which
gave a reported assay of !99.8% and was then incorporated
into standards.

o a 0 s

HPLC was performed using a Dionex Chromatographic
System, 2010I following the procedure of Fitchett and
Woodruff �983! with a few modifications. The system was
equipped with a Dionex Reagent Delivery Module with
micromembrane reactor, a 50 ul injection loop, a Dionex
UV/VIS detector and a Dionex strip chart recorder. A Dionex
HPIC AS-7 anion-exchange column was the separator column,
and HPIC AG-7 and HPIC NQ-1 were guard columns. Eluent
 flow rate: 0.05 ml/min! was 0.075 M HNO3. Post. column
derivatization  PCD! with a ferric nitrate solution � g
Fe NO3�.9H20/ L solution, with 2%  v/v! HC104, flow rate;
0.06 ml/min, Fisher Scientific!. Detection was at 310 nm
with the detector set at 0.02 absorbance units  AU!, full
scale.
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na s'

Sample extracts were prepared by homogenizing 2 g of
shrimp with 150 mL of water for 30 seconds using a Polytron,
speed setting 7, followed by a 15 min centrifugation at
10,000 x g at. 4 C. The supernatant was then passed through
a C-18 Sep-Pak {Waters! filter  acetonitrile activated!.
The sample was diluted 9:1  sample:acid! with 0.75 M HNO3
and injected twice through a 0.45 m filter  Gelman!.

Peak heights were measured and compared to standard
curves using linear estimation to determine phosphate
concentrations. The following equation was used to
determine the phosphorus content of the shrimp:

mg P/100 g shrimp =  mg species/L! mL H20/g
shrimp! mole fraction P!�00!.

a 's

Statistical analysis was performed using SAS �982!
General Linear Model {GLM! procedure. Student's t test was
used for comparison of means, unless otherwise noted.

RESULTS AND DISCUSSION

HPLC with conductivity detection was able to resolve
standard aqueous solutions of OP, PP, and TPP. However,
when standards were placed in shrimp extracts, no resolution
occurred between OP and the solvent front. Since hydrolysis
of polyphosphates ultimately produce OP, resolution of OP is
essential. Various attempts to modify chromatographic
conditions were unable to resolve OP from the solvent front.

An HPLC postcolumn derivatization procedure was
developed for phosphate detection in shrimp. Nitric acid at
0.075 M HN03 was chosen as the eluent for determining
polyphosphate residuals on shrimp  Figure 1!. TPP was
eluted in 11 min compared to 15 min when 0.065 M HNO� was
used as eluent. The limitation of using the 0.075 M et.uent
was that PP was not baseline resolved from OP  Figure 1!. A
major advantage of using postcolumn reaction was that no
interaction occurred between the shrimp extracts and the
derivatizing reagent. Secondly, postcolumn derivatization
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showed a good linear relationship with concentration for
each species of polyphosphate  OP, PP, and TPP!  Figure 2!,
and limits of detection were as low as 10 ppm.

Recovery of total P added was directly influenced by
the added species of phosphate  Table 1!. At combined high
treatments of all three species and at all high TPP levels,
total recovery of P added was approximately 94 � 96%. When
TPP was low in the combination treatments, recoveries were
reduced to 904  Table 1!.

Table 1. Total phosphorus recovered from combinations of
polyphosphate species added to shrimp during
extraction.

4 Recoveriesa

Total POP TPPpp

Means of 4 observations
Low  L! and High  H! levels: L"-OP, H-PP, and
L-TPP 20 ppm; L-PP 15 ppm; H-OP = 75 ppm;
H-TPP 150 ppm.

omet ' ethod

The HPLC procedure was compared to the standard AOAC
spectrophotometric method for quantifying total P. A
significant difference  p�.05! between both methods was
observed; the spectrophotometric method assaying
consistently higher P than HPLC  Table 2! . The average P
determined by the HPLC method was approximately 86% of what
was determined by the spectrophotometric method. However,
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Table 2. Comparison of HPLC with AOAC spectrophotometric
method for determining total P in shrimp.

P content  mg/100 gm shrimp!a

SpectrometricHPLC

Control

Treated

11/. 9101.8 3. 6

175.7 6.0

6 ' 8

202.5 15.2

Means s.d., n 6.

The Duncan Multiple Range test was performed on the
data to assess any significant differences between
treatments. TPP treatment levels of 1.04, 1.5% and 2.0% all
resulted in significant  alpha 0.05! differences in
absolute P levels as compared to the untreated sample and to
each other. The variation in levels resulted from the
uptake of PP and TPP species  Figure 3! from the treatment
solution. No TPP was detected in untreated shrimp  Figure
3!. Baseline levels  intrinsic OP! in all treatments were
similar. Upon storage, one could expect to observe an
increase in the OP component of treated samples resulting
from TPP hydrolysis.

Shrimp muscle uptake of TPP was observed to be
concentration dependent, which agrees with the findings of
Spinelli et al. �968!. TPP at the low level treatment
�.54 TPP! was detectable, the level of total P did not
differ significantly from an untreated sample. This finding
has been previously reported by Tenhet et al. �981b!.
Assuming the TPP component has not, yet hydrolyzed, HPLC
would be able to identify a low treatment, where a less
sensitive procedure may not.

347

the spectrophotometric method does involve an acid digestion
step which would liberate organic phosphates. This step is
not used for the HPLC procedure.
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The rate of TPP hydrolysis correlated well with the
rate of OP and PP production as determined by comparing the
slopes of the lines  see Figure 2!. This reinforces
previous reports that TPP hydrolysis results in PP and OP
species levels, in combination or ultimately as OP, which
are equal in total P content of the initial TPP species.
After 8 weeks of storage, approximately 354 of the initial
TPP present still remained.

o a

The rate of TPP hydrolysis under refrigerated
conditions was greatly increased, as compared to frozen
storage. Following 3 days of refrigerated storage, no TPP
remained, although an amount of PP was still present  Figure
5!. This agrees with Sutton's �973! observations that TPP
was not detectable in cod muscle 30-40 hours after
treatment. Complete hydrolysis to OP was observed on the
fourth day of analysis after treatment. The rate of TPP
disappearance was not significantly different than the rate
of formation of OP and PP.

CONCLUSIONS

A faster procedure to identify potential phosphate
treatment on shrimp has been developed using HPLC. The
benefits of this procedure include isocratic elution, and
short analysis time and quantitation. Furthermore, this
procedure has the potential for application in other seafood
products, such as scallops and fish fillets.

Recovery studies of added species seem to suggest a
degree of interaction between them. The proposed procedure
was successful in identifying phosphate treatment. It was
also effective in monitoring the breakdown of TPP in shrimp
muscle under refrigerated and frozen conditions. Under
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Significant hydrolysis of TPP was observed over each 2-
week analysis period  P<0.05!  Figure 4! which resulted in a
concurrent increase in OP levels. PP seemed to increase
slightly and then remain constant. However, variations in
the detection of PP could have resulted due to poor
resolution from OP, but combined standard curves suggest
that the variation in PP levels detected are not
significant. This suggests that the rate constant
responsible for TPP hydrolysis may be of similar magnitude
to the rate constant responsible for PP hydrolysis, which
agrees with Sutton's �973! report on the rate constants in
cod muscle, but contradicts Reddy and Finne �986!.



refrigerated conditions, breakdown of TPP to OP was complete
after 4 days of storage while frozen storage samples still
had approximately 354 of the initial TPP after 8 weeks.
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INTRODUCTION

Trypsin is a proteolytic enzyme found in the digestive tract of
many organisms. This enzyme is a member of the serine proteinase class
of proteolytic enzymes  Fersht, 1985!. The active site of the serine
proteinases has been shown to contain three critical residues for catal-
ysis: serine 195, histidine 57, and aspartate 102. These residues
comprise the catalytic triad of this proteinase class  Fersht 1985!.
Trypsin demonstrates a rather limited specificity for peptide bond
hydrolysis. The primary sites of trypsin cleavage are carboxy to
arginyl and lysyl residues

Enzymes generally have temperature and pH optima at which they are
most active. The optimal temperature for enzymatic reactions in
homothermic organisms is usually regulated via the maintenance of a
constant body temperature. At this temperature, normal metabolic
processes are possible. However, in the case of poikilothermic
organisms  organisms which do not regulate their own body temperature!
the body temperature is dependent upon the ambient environmental
temperature. In poikilothermic organisms adaptation has occurred which
allows for normal metabolic processes to take place at the temperature
of the environment at which the organism inhabits. It has been
demonstrated that poikilothermic organisms which inhabit cold
environments often have ehzymes which have greater catalytic
efficiencies as compared to homologous enzymes isolated from homothermic
organisms  Hochachko and Somero, 1987!.

The Atlantic cod  Gadus morhua! is found off the coast of New
England, primarily inhabiting waters where the temperature is approxi-
mately 4 C. Consequently, the enzymes of the cod must be capable of
functioning reasonably well at lower temperatures. However, when
considered in light of Arrhenius's law, one would expect a decrease in
catalytic activity of the enzyme at lower temperatures. In this study
we report on the temperature dependence of catalysis by cod trypsin as
well as its temperature stability. This data is also compared to that
found for the homologous enzyme, bovine trypsin. Finally, our data
suggest that the higher activity of the cod trypsin at lower tempera-
tures, as compared to the bovine enzyme, is related to a decrease in
structural stability.
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RESULTS AND DISCUSSION

Following a modification of the method of Simpson and Haard
�984b!, we have isolated four trypsins from homogenized pyloric ceca of
the Atlantic cod. The ma]or modifications involved two additional chro-
matography steps following affinity chromatography on Benzamidine-
Sepharose 6B. The first was anion exchange chromatography on a Mono-Q
column  Pharmacia! and the second by hydrophobic interaction
chromatography on a Spherogel-TSK phenyl-SPW column. Purity of the
enzymes was determined by native and SDS PAGE  Pharmacia PhastGel
electrophoresis!. Only the major trypsin isolated by this procedure
will be discussed.

The enzyme we isolated was classified as a trypsin on the basis of
several experimental procedures. The enzyme bound to the p-aminobenza-
midine Sephrose affinity column and demonstrated, esterase activity on
tosyl arginine methyl ester  TAME!  Worthington Enzymes, 1977! and
amidase activity on benzoyl-DL-arginine p-nitroanilide  BAPA!  Erlanger
et aI., 1961!. These hydrolytic reactions were inhibited by PMSF and
aprotinin. The molecular weight of the ma]or trypsin was estimated by
SDS PAGE to be approximately 24,000. By isoelectric focusing  Pharmacia
PhastGel electrophoresis! the isoelectric point was estimated to be 6.5.

The amino acid composition of the protein was determined foLlowing
hydrolysis of the protein in 6N HC1 and derivatization of the resultant
amino acids with phenylisothiocyanate  Table I!.  Heinrikson and
Meredith, 1983!. The N-terminal amino acid sequence was determined on
an Applied Biosystems 470A gas phase sequencer with an on-line 120 PTH
amino acid analyzer  Table II!  Hunkapiller et al., 1983!. A sequence
homology search was performed using the FASTP program of Lipman and
Pearson �985!. The results of the homology search are shown in Table
III.

Figure 1 shows the relationship of the catalytic activity of
bovine trypsin and cod trypsin to temperature. The temperature optimum
for the bovine trypsin is approximately 5-10 C higher than that of the
cod trypsin. The cod trypsin appears to lose activity at a lower
temperature than the bovine. However, at low temperatures, the cod
trypsin is significantly more active than the bovine.
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Comparison of Amino Acid Compositions of Cod Trypsins and
Bovine Trypsin

Table I.

ACTa GCTb BT'Amino Acid

224 218 223Residues
per molecule

*
ND is Not Determined. Atlantic Cod Trypsin from present study.
Greenland Cod Trypsin from Simpson and Haard �984!. Bovine

Trypsin from Kiel �971!.

Table II. Comparison of Amino Terminal Sequences of Various Trypsins
 ec3.421.4!

Bovines
Atlantic Cod
pigc
Rat

Spiny Dog ishe
Crawfish

IVGGYTCGANTVPYQVSLNS GYHFCGGSLINSQWVVS
IVGGYECTRHSQAHQVSLNS GYHF
IVGGYTCAANSIPYQVSLNSGSHFCGGSLINSQWVVS
IVGGYTCPEHSVPYQVSLNSGYHFCGGSLIAPGWVVS
IVGGYECPKHAAPWTVSLNVGYHFCGGS LIAPGWVVS
IVGGTDAVLGEFPYQLSFQETFLGFSFHFCGAS IYNE

Titani et al. �975!. Present study. Smith and Liener
�967!. MacDonald et gl. �982!. Hermodson et al. �971! and
Titani et al. �975!. Titani et al. �983!
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Ala

Arg
Asp
Cys
Glu

Gly
His
Ile
Leu

Lys
Met
Phe
Pro
Ser
Thr

Trp
Tyr
Val

10
9

26
*ND

21
28
10
10
16

7 3 3
8

27
11

15
20

16

5
23

8
19

28
7
8

14

6

3

10

32
10

2
7

16

14 2
22

12
14

25 3
15

14

14 2 3 9
33
10

4

10
17



Table III. Comparison of Trypsin Sequences by FASTP

82.5% identity in 228
amino acid overlap

Pig, trypsinogen:

74.7% identity in 229
amino acid, overlap

Rat, trypsinogen II precursor:

73.44 identity in 229
amino acid overlap

Rat, trypsinogen I precursor:

66.5% identity in 227
amino acid overlap

Spiny dogfish, trypsinogen:

41.5% identity in 236
amino acid overlap

Crayfish, trypsin I:

70.3% identity in 37
amino acid overlap

Cod, Gadus morhua, NH2-terminal:

280

240

200

~ 160

120

80

40

0 10 20 30 40 50 60 70 80
Temperature C

Figure 1. Turnover Number of Cod Trypsin   ~ ! Compared to
 x! Bovine Trypsin. The kcat was determined using TAME as
the substrate while incubating the trypsins for 5 minutes at
various temperatures, then reading spectrophotometrically
their change in absorbance at 247 nm.
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Sequences are compared to bovine trypsinogen  Lipman and Pearson, 1985!



The temperature stability of the cod and bovine trypsins was exam-
ined by a set of experiments. The first experiment was designed to
observe the rate of loss of esterolytic activity with time at a constant
temperature �5 C!. As can be observed in Figure 2, the loss of activ-
ity of the cod trypsin was faster than bovine trypsin. In the second
experiment the trypsins were incubated at various temperatures for 30
minutes followed by esterolytic activity assay. Over the temperatures
assayed the cod trypsin had lost approximately 50% of its activity at
the 48 C incubation temperature whereas the bovine trypsin appeared to
be stable over the temperature range tested  Figure 3!. In the third
experiment the melting points of the trypsin were assayed for by the
change in the intrinsic fluorescence of the proteins. The enzymes were
placed in thermostated quartz cells in the fluorometer and the tempera-
ture raised at a constant rate. As can be seen in Figure 4, the T for
the cod trypsin is approximately 52 C and the T for the bovine trypsin
is approximately 58oC.

2.00

1.75

1.50

'f.25

1.00

0.75

0.50

0.25

20 40 60 80 100 120

Incubation Time  Min.!

Stability Over Time of Cod   ~ !
enzymes were incubated at 45 C
by assay of their rates of

Change in absorbances were

Figure 2. Comparison of the
and Bovine Trypsin  x!. The
for various times followed
hydrolysis on TAME at 25 C.
measured at 247 nm.
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e
0

I g 40

20 10 20 30 40 50 60 70
Incubation Temperature C

Figure 3. Comparison of the Thermal Stabilities of Cod   ~ ! and Bovine
Trypsin  X!. The enzymes were incubated at various temperatures for 30
minutes and then assayed for their rate of hydrolysis of TAME at 25 C.
Change in absorbances were measured at 247nm.

o 350

a 348

346

~ 344

342

340

338 $0 20 30 40 50 60 70 80
Temperature 'G

Figure 4. Thermal Denaturation of Cod   ~ ! and Bovine Trypsins  x! . The
enzymes were subjected to increasing temperatures at a rate of l C/min.
The temperature was measured in the cuvette. The excitation wavelength
was 280nm and the change in the maximum emission wavelength was
determined. The T of denaturaton for the cod trypsin is approximately
52 C while for bovine trypsin it is approximately 58 C.
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All of the data we have presented in this paper demonstrate that
the cod trypsin is thermally less stable than the homologous bovine
enzyme. The interesting question is whether the decrease in thermal
stability of the cod trypsin is related to its higher enzymatic activity
at lower temperatures compared to the bovine enzyme. One possible
explanation may rest in the fact that at lower temperatures most
proteins become less flexible. Nevertheless, a certain amount of flexi-
bility is often important in enzymatic reactions where the enzyme must
bind substrate s!, carry out the catalysis, and then release the prod-
uct s!. One can envision that all of these steps necessitate some
structural flexibility on the part of the enzyme for optimal contacts to
be made. At the lower temperatures, the optimal contacts may be
restricted due to decreased structural flexibility. Therefore, enzymes
which maintain a high degree of activity at lower temperatures may in
fact be able to do so as a result of their overall increased flexi-
bility. This increased relative flexibility is reflected in their lower
thermal stability as is the case observed for the cod trypsin. Exactly
what changes in the structure of the enzyme give rise to these catalytic
properties are currently under investigation in our laboratory.

Finally, we wish to point out the commercial relevance of this
research. Just as finding enzymes which maintain their activities at
higher temperatures is an important endeavor in microbiology, biochem-
istry, and food science so is the search for enzymes which carry out
certain reactions at lower temperatures; temperatures at which less
thermal energy is necessary to put into the reaction system resulting in
a more economical process. Also certain industrial enzymatic processes,
due to lability of the reaction, would perhaps be best performed at
reduced temperatures yet with a reasonable catalytic efficiency.
Enzymes such as those isolated from cold adapted organisms may be useful
in this role. Furthermore, the investigation of these enzymes will
hopefully lead to the structural understanding of this cold activity and
allow for the application of these structural rules to genetic engineer-
ing of other enzymes with altered temperature dependent catalytic effi-
ciencies.
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ABSTRACT

Biochemical methods for fish quality, evaluation have been reviewed
and selected, and in most cases, tested for applicability to Atlantic
species. The recommended procedures published in Canadian Technical
Report of Fisheries and aquatic Sciences  No. l448, 1986! have been
summarized and discussed. The results from both physical grading and
biochemical tests have been compared for various quality operations in
the field and laboratory. The biochemical fish quality assessment is
specific, ob]ective and reliable with the over-all error for no more than
16X by using the recommended methods. The guidelines of selecting biochemical
quality parameters have been also discussed and recommended. The grading
standards of various fish products can be determined correlated by applying
the described procedures.

INTRODUCTION

Fish and seafood products are relatively unstable in fresh, frozen,
and other forms of preparations. Quality changes occur readily for a
variety of reasons. Accurate measurement of biochemical composition and
freshness quality are important from both economic and processing efficiency
aspects. In the laboratory, fish may be considered a biological-chemical
entity. The meat is composed of about 70-80X water, 16-20X protein, 1-
15X fat, and traces of inorganic salts and minerals.  Kreuzer, 1971!.
The first. component, water, is the life-giving substance surrounding and
suspending other molecules and acting, as the medium in which biochemical
reactions take place. The fat content of fish is relatively low and
although fat oxidizes during, storage to produce off-flavours. The lipids
in fish may be considered as the body fluid for biochemical quality analysis,
and becomes more important during frozen storage  Martin et al., 1982!.
The remaining component, therefore, which is responsible for the decrease
of quality is protein.

Protein is an ordered array of very large molecules and predominantly
of structural function. However, one protein class, the enzymes, is very
active in quality indicating reactions. The delicate state of enzyme
equi.3.ibrium and control maintained by body regulators fails when an
organism dies and from that point enzymatic reactions proceed unhindered.
Not only are these by-products foul smelling and putrid to the taste, but
in fish some may produce undesirable texture denaturation and discolorations.

While living, all organisms have protective mechanism barring the
entrance of bacteria. When life processes stop, bacteria quickly invade
the body and secrete powerful enzymes to begin the digestion of tissues.

359



Therefore, at death, fish enter a state of uncontrolled enzymatic protein
degradation from both natural and bacterial sources which results in the
accumulation of peptides, amines, ammonia and other nitrogen containing
compounds. While this chaotic state is undesirable for preservation, a
study of the levels of quality indicating compounds sakes it possible to
develop various biochemical methods for the assessment of objective fish
quality  Ke, et al., 1981 6 1984!.

RECOMMENDED lABORATORY METHOD

Table l. Selected biochemical method for assessment of fish quality»

Method Description

Trimethylamine  TMA! Extrac t. /photometry  Dyer, 1959;
Regenstein, 1982!

Total Volatile base  TVB-1!
N 0 II  TVB 2!

Direct with MgO  Botta, 1982 & 1984!
MgSO4 Distil.  Montgomery, 1960!

Hyposanthine  HX-1! Enzymatic/photometry  Spinlli, 1964;
Burt, 1977!
HPLC  Burns, 1985! HX-2!

Thiobarbituric Acid Reactive
substrates  TBARS!

Distil./photometry  Ke, 1984!

Peroxide Value  POV!

Carbonyl Value  CV!

Free Fatty Acid  FFA!

Extraction/titration  AOCS, 1971!

photometry  Waternabe, 1974!

MGP-titration  Ke, 1978!
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To perform biochemical assessments accurately and with confidence,
and to be able to compare results between testing, facilities, it is necessary
that standard procedures be used. This recommendations of twenty-one
laboratory methods is an attempt to compile such a standard. The procedures
have been drawn from current literature and experience and have been
tested by HaLifax Laboratory, Fisheries and Oceans Canada for their
validity or appropriateness. Results of such testing were considered in
the outlining of methodology.

The procedures have been divided into sections of proximate composition,
quality indices of refrigerated or fresh storage, quality indices of
frozen storage  lipid and non-lipid related! and physical attributes.
Each method is followed. by applicable references where additional information
may be obtained regarding any aspect of the procedure, its application or
interpretation. A brief of above selected methods have been listed in
Table 1. The complete text of these laboratory methods for assessment of
fish quality has been published by Fisheries & Oceans Canada  Woyewoda &
Ke, 1986!.



Extraction/photometry  Dingle, 1967!Extractable Protein Nitrogen
 EPN!

*Summarized from "Recommended Laboratory Methods for Assessment of Fish
Quality by Woyewoda et al., 1986. Can. Tech. Report Fish. Aquatic Sci.
No. 1448.

For the proximate composition which is also important for various
objective quality assessment of fish, eight procedures such as the contents
of bone, salt, ash and fats, and the measurements of proteins, moisture
and pH, have been also specified and recommended with those quality
indices in the same publication  Woyewodn & Ke, 1986!.

RESULTS AND DISCUSSION

In the national quality enhancement program from 1981, ~arious
grading operation at the selling points by the recommended physical and
sensory evaluation for fresh fish have been conducted Some of these
sample have been collected and analyzed in our laboratories by various
biochemical methods. The selected results have been summarized in Table
2.

Table 2. Comparison of the Selected data of grading data of the
data of the fresh groundfish

Grade at v v at o X

a e od

A  Excellent! 16

28A/B 12

B  Acceptable! 1014

13

R  Rejected! 15 13
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Dimethyl Amine  DMA!

Formaldehyde  FA!

G/P Value

photometry  Costell, 1974; Dingle, 1977!

photometry  Costell, 1973; Connell, 1975!

HPLC  Burns, 1985!



For various fish products, a comparison of overall errors between
physical and biochemical quality assessments have been listed in Table 3.
Some of these data were calculated from the limited experiments. Thus
these results can just give you some information and comprehensive work
should be made to develop the better guideline and standards for various
fish products.

Table 3. Comparison of the overall error between physical and biochemical
quality grading.

Products

Physical Biochemical

va U&t

Frozen Cod Fillet

Frozen Herring BLock

Fresh scallop

Frozen crab meat

Frozen squid

Fresh sea cucumber

15

21 13

13

16

20

>30 12

Various quality parameters which are sensitive and reproducible, and
their changes as a function of quality deterioration and keeping time, can
be selected and applied to fish quality evaluation. Comprehensive reviews
on quality indicators have been initiated in our laboratory. The most
useful quality parameters are total volative bases, total volatile acids,
extractable proteins, hypoxathine, trimethylamine, dimethylamine, thio-
barbituric acid-reactive substances, free fatty acid, peroxide, carbonyl,
pH, dielectric behaviour, polyene index and texture index, etc.

In order to develop standards for fish quality grading, the following
rules must be considered when selecting quality parameters for the laboratory
evaluation:

�! Two or more of indicators from the recommended quality indicating
reactions should be selected.

�! Two of the three types of quality changes; bacterial, enzymatic and
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The three grades, A  excellent!, B  acceptable! and R  rejected! were
used for this evaluation for iced fish at the dockside and the selling
points. The reliability of biochemical examination for Crade A fish and
on the determination between grade A or B, were better than the physical
grading results. When the quality changes further, it seems that both
physical grading and laboratory analysis can given about same results
vith relative deviations of about 15X.



chemical reactions aust be covered froa above indicators selection.
The amor reacting co|sponents are proteins, fats, waters, and indicating
compounds. At least Ceo of these components stust be related by
above selected ~o or sore quality reactions.
The parame ter o f a group o f indicating compounds such as TVB, FFA
vould give better reliable results than froa single coepound.

Figure 1

SCIENTIFIC QUAUTY GRADING
FOR FISH

363



A brief procedure for selecting quality indicators and developing
the grading standards has been shown in Figure 1. The selected examples
for biochemical evaluation of fish quality have been listed in Table 4
for your information and comparison.

Table 4. Selected quality indicators for some fish quality assessment.

Selected Quality ParametersFish

In addition to the grading operation, it can be concluded that
physical grading can be employed satisfactorily for fresh groundfish and
shellfish with less than 15X error on an accept/regect grade and 28X on
quality differential evaluation. The Biochemical quality examinatons have
demonstrated much better sensitivity and reproducibility  Table 2 and 3!,
with the overall error no more than 16Z. Therefore, biochemical fish quality
evaluation could be satisfactorily employed for developing quality guide1ine
of fish for various field grading operations. Those methods would also
provide a useful ob!ective fish quality evaluation to meet the requirements
from the fish inspection and industry.
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Fresh Cod

Frozen Cod fillet

Fresh mackeral

Frozen mackeral

Fresh crab meat

Fzozen squid

Fresh sea cucumber

P 6 G value/FFA/TVB

TBARS/EPN/TVB/TMA

FFA/TVB/T BARS

TBARS/FFA/HX

FFA/TMA/EPN

TVB/FFA/TBARS

TVB/TMA



DETERMINATION OF MINIMAL TEMPERATURES FOR HISTAMINE
PRODUCTION BY FIVE BACTERIA

C-M. Chen, M.R. Marshall' J.A. Koburger, W.S. Otwell and
C.I. Wei. Department of Food Science and Human Nutrition,

University of Floridai Gainesville> FL 32611

Introduction

Scombroid poisoning, one of the most common foodborne
diseases in the U.S.  Taylor, 1986!i is caused by the
ingestion of spoiled scombroid fish which contain unusually
high levels of histamine. The so-called scombroid fishy
such as tuna, mackerels and skipjack are frequently involved
because they possess large amounts of free histidine in
their muscle  Lukton and Olcotti 1958!. By enzyme action<

. histidine is converted to histamine by microbial histidine
decarboxylase. The Food and Drug Administration has
established a defect action level for histamine, 50 mg per
100 g canned tuna  Federal Register, 1982!.

The bacteria that possess large amounts of histidine
decarboxylase mainly belong to the family
Enterobacteriaceae. Other bacteria, such as Vibrio>
Clostridxum and Lactobacillus have also been reported to

1980; Taylor, 1986!. Hovever, Proteus ~orcpanii, Kiebsiella

bacteria that have actually been isolated from incriminated
fish involved in scombroid outbreaks'

During fish processingi bacterial histamine formation
is controlled primarily by low temperatures. In the retail
market> tuna fish are usually covered with ice or simply
placed on ice to prevent spoilage' However< storage under
these conditions for long periods of time can result in
microbial growth and conversion of histidine to histamine.
A better understanding of the lower temperature limit for
bacterial growth and histamine production is therefore
important to control fish quality and safety. This study
was undertaken in tuna fish infusion broth  TFIB! to
determine the low temperature limits of the five most
implicated histamine-producing bacterial strains.
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Materials and Methods

Bacteria

Five strains of histamine-producing bacteria,
Klebsiella pneumoniae 111-5 and T, Proteus morccanii 11USC-2

  Dp mart em nt ~oFood mxcrobxology and Toxicology, University
of Wisconsin at Madison! were used. The cultures were
maintained on trypticase soy-histidine �%! agar slants and
stored at refrigeration temperatures.

Media and rowth conditions

Trypticase soy broth-histidine medium  TSBH! was used
as the preinoculum broth. It contains per liter: 30 g
trypticase soy brothy 1 g histidine monohydrochlorideF and
5 mg pyridoxal hydrochloride. The final pH of TSBH was
adjusted to 6.8 before sterilizing for 15 min at 121 C.

Tuna fish infusion broth  TFIB! was prepared from fresh
tuna muscle by homogenization with 2 volumes of distilled
water  wt./vol.!F steaming at 100 C for 1 hr, filtration,

o
supplementation with 1% glucose F and sterilization at. 121 C
for 15 min  Taylor et al., 1979!. The final pH was 5.7.

Before assaying, the bacteria were activated in TSBH
and incubating at 28 C for 24 hr. Aliquots of 0.2 ml were
transferred into another fresh preinoculum broth and
incubated for an additional 18 hr.

A 0.2 ml aliquot of the activated bacterial culture was
inoculated into 70 ml of TF1B in duplicate Erlenmeger flasks
and incubated at different temperatures � F 5 F 7 F 100 0 0

15 and 25 C! in a constant temperature refrigerated water
bath shaker with a shaking speed of 100 rpm. At various
time intervals �F 24, 48, 120, and 240 hr!, aliquots were
removed from each sample for aerobic plate count  APC! and
histamine analysis. A blank TFIB was used as a control.

APC was conducted using a spread plate method  Specky
1984! of serial dilutions of the bacterial cultures in 0.9%
saline. Plates were spread on aerobic plate count agar and
incubated at 28 C for 24 hr. Duplicate samples and plate
counts were used throughout.
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Histamine anal sis

Quantification of histamine was accomplished by a
modified ion-moderated partition high performance liquid
chromatography method developed by Gill and Thompson
�984!. A hp 1090 liquid chromatograph equipped with hp
85B personal computer> hp 9121 multichannel integrator and
hp 7470A plotter were used. The chromatographic column was
a custom-packed IMP type HPX-72-0  OH-form! with a column
dimension of 300 X 7.8 mm. A guard column packed with the
same material was also used. The chromatographic conditions
were: flow rate, 0.8 or 1.0 ml per min; detector wavelengh,
210 nm; peak width, 0.5 min; chartspeed< 0.2 min; and
injection volume< 20 pl. The mobile phase, 0.01 N NaOH  pH
11.5!, was prepared fresh daily using HPLC grade water and
further filtered through a 0.45 pm millipore filter.

Histamine standard solutions were prepared by
dissolving 165.6 mg histamine dihydrochloride in 100 ml of
6% perchloric acid  PCA!-30% KOH solution  pH 7! to obtain
an equivalent 100 mg% histamine stock solution. Histamine
working standards of 0.1, 0.2< 0.4, 0.8, and 1.0 mg% were
prepared from the stock standard. For HPLC analysis> an
injection volume of 20 ul was used.

Five-ml aliquots of TFIB from the duplicate culture
flasks at each incubation period were mixed with
10 ml of 6% PCA solution and homogenized with a polytron
homogenizer at setting 5 for 1 min. The homogenate was
centrifuged and the supernantant filtered with a Whatman 4 1
filter paper. The filtrate was then brought to 10 or 25 ml
with a 6'% PCA solution followed by pH adjustment to 7.0 with
a 30% KOH solution. Potassium perchlorate precipitate was
removed by filtration and the final extracts were filtered
again with 0.45 gm filter paper before subjecting to HPLC
analysis. The concentrations of histamine in TFIB were
calculated according to the formula:

ClxVl V2X10 xl/0.936

C2
MW

concentration of histamine derived from
chromatographed standard curve  mg/ml!; C2= final
concentration of histamine  nmoles/ml!; Vl= the volume of
the first filtrate �0 or 25 ml!; V2= total TFIB volume
removed at each time interval; 0.93= the extraction recovery
rate; MW= molecular weight, of histamine �11.55!. Each
histamine sample was analyzed three times by HPLC.
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Results and Discussion

Growth and histamine production of the five test
strains at different temperatures are shown in Figures l-5.

e
TFIB at 3 C even after 10 days  Fig. 1!. Although
bacterial growth occurred at 5, 7 and 10 C, no histamine0 0 0

gas produced. When the temperature was raised to 15 or 25
C< this bacterium showed a normal growth pattern with the

logarithmic phase occurring in the first 48 hr and the
stationary phase thereafter. Large quantities of histamine,
about 340 nmoles of histamine/ml< were produced within 24 hr
at 25 C. Thusf the minimal histamine production
temperature for this bacterium was 15 C.

Similar patterns of bacterial growth and histamine
production occurred for K. neumoniae T  Fig. 2! However>
this organism produced hxstamzne at hand 10 C After 5
days. Again, at elevated temperatures< histamine production
was greatly increased. As incubation proceededs the rate of
production decreased.

Although K. pneumoniae 111-5 and T showed similar
2.

produce histamine in TFIB is strain specific. For strain
T i the lowest temperature for histamine production was 7

while it is 15 C for strain 111-5 ~ Behling and Taylor
�982! found that K. pneumoniae T was able to produce

m ~ n lt
suggested the lower temperature limit for histamine
production to be 7 C.

store histamine was produced by strain 111-5 than strain
T at 25 C by day 5. Thereforei the histamine-producinga!stem of K. pnenmoniae p2 appeared to be more tolerant to

n~

m """"'
broader temperature range than strawn 113-5 for histamine
production.

0 Growth of p. ~mor anii 110SC-2 was inhibited at 3 and 5
C  Fig. 3!. Although bacterial growth was apparent, no

histamine was produced at 10 C. The minimal temperature0

for strain llOSC-2 to produce histamine was l5 C. Small
amounts of histamine �8.8 nmoles/ml! were produced after 48
hr. Behling and Taylor �982! also showed that 15 C was
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the lower temperature limit for this organism to produce
substantial histamine levels  > 2.5 umoles/ml!. Xn the
present study, P. morcianii 110SC-2 showed the highest
histamine-producing capability among the five cultures
tested at 25 C. A level of 655 nmoles/ml was detected at

0

48 hr; it declined to 527 nmoles/ml after 5 days.

No bacterial growth and histamine production was
observed for P. mor anii JN incubated at 3 C throughout the
10 days  Fig. 4!. At CP only limited growth occurred
after 10 daisy however> this bacterium started to grov after
48 hr at 7 C. At 7 CP histamine production was 85
nmoles/ml after 5 days. Behling and Taylor �982! reported
that P. ~mot' anii JN and 110SC-2 had a lower temperature
limit for histamine production of 15 C. However> Arnold et
al. �9S0! reported P. morc anii JN was able to produce
histamine at 7 C after 4 days. Thus> our results support0

the7latter report> although a larger bacterial inoculum
�0 /ml! vas used in their study. At. 15 and 25 C,
histamine production increased until day 5 and 2,
respectively> and then levels decreased.

The psychrotrophic bacteriumg H. alvei T , vas the only
organism able to multiply at 2 C � lg 57 .IIis.tamine
production did not occur until the growth temperature was
higher than 15 CP although bacterial growth was readily
apparent at temperatures below 5 C. At 15 C, only a
negligible amount of histamine  8.1 nmoles/ml! was detected
after 10 days. Higher histamine levels were produced at
20 C vhile at 25 C P about 300-400 nmoles/ml of histamine
vere produced in 5 days.

Histamine production by H. alvei T was less and slower
when compared to the other four bacMeriil strains. Behling
and Taylor �982! reported the lover temperature limit for
production of histamine by H. alvei was 30 C. Arnold et
al. �980! found that H. alvei was able to produce histamine
at 19 C under aerobic> microaerophilic or anaerobic
conditions after 3 days.

Histamine-producing organisms are believed to produce
histamine during the stationary or death phase of growth

T and 111-5 as well as P. morc anii JN and 110SC-2 at
temperatures above 15 CWo not support this hypothesis.
Enhanced histamine production occurred during the rapid
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growth stage with maximal histamine levels were found at the
start of the stationary or death phase. Ienistea �971!
suggested that some bacterial strains possess histaminase
and thus limit histamine accumulation in TFIB. Omura et al.
�978! indicated that histamine at 0.05 N in culture medium
depressed histidine decarboxylase activity. This phenomenon
may have occurred in this study. Further research is
needed.

At low temperatures> histamine production did not
correspond to bacterial growth. Although bacterial growth
occurred at temperatures below 10 C, histamine was not0

w � "'
alvei T . H. alvei TH grew well at tepmeraturesas low as
!o and 3 C, however, histamine was not detected until the
temperature was above 15 C. Thus, low temperatures may
inhibit the activity of histidine decarboxylase and
therefore affect histamine production. Further study on the
relationship between histidine decarboxylase activity and
histamine formation by histamine-producing bacteria at low
temperatures is warranted.

The low temperature limit for bacterial growth of the
five test strains is 3 C for H. alvei T8, 5 C for K.
2" �"
110SC-2 and JN. Noreoverf the low temperature limit for
"potential" histamine production appears to be 7 C for K.

~ ~ ~
and p. ~mor anti 110HC- and 20 C for H. alvei T . To

8better maintaxn tuna quailtyf the use of a temperature lower
than 3 C is recommended.
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3 ponds the first year and 2 pards the second year in different
ParMms  cxmxties!. Party pound ~es were taken at each site at
the beginning, peak and end of the seasan. SeRiumnt and water were
stapled in the ~mrirans of each samplirg site at each time period for
each of the 2 seasons. Crayfish were deheacLed and Smediately the
hepatapamxeatic tissue was separated fram the abdcanina1 ~e. The
tl

ttmttltt&l' tt ~

One gram samples of abclauinal macle ar hspatopancreatic tissue were
II W ~&tM

tice was ~inued at 13~ far 1 to 3 hours until cxmplete. Simul-
tanemaly, National Rmaax of Shmdards  R3S! ~~er and bcvtrm tissue
standards, National Reseals> Cauncil af Canada lobster hepatopmcxeas
standard and reagent Mazda were li3aswise cligested. Diyasta were
filtered through Rmtmmn N'o. 42 paper and diluted to 50 mL with glass
distilled water.

Seiimsnt san@les were dried to cmstant weight at 110aC, nm~igbeX and
esbmd in a maffle oven at 400aC. 'Ihe pncedLnm of Je~ �974! and
Srichr and Jadcsca �974! as written in Rags �982! was used.
Sediment standards, samples and blanks were digested with 1 mL aqua
regia and 10 mL hydmflmaM acid far 500 mg ~es by stamling
avernigiht foU.awed hy sh&dag far 12 hours. 'Ihe digested ~es were
ydakly solubilized with a suffic6ent quantity of saturated baric acid
solMLcn far the total saeple «a6ght including the baric acid to he 100
grssse 'Ihe cUJgssbRR sahp3.es were c8gped tightly, left at 85klient

litt. tll ~' . I
'Ihe water samples were filtered through Mhatman No. 42 paIxe. All
samples far the ICP were pm'~ in triplicate.

~ tatttl t td ~ aatttttttt

~ filtered di~ ware analyzed an an Applied Reemmch Lebczatary
 Sunland, Calif.! Hach& 34100 Irxh~vely Coupled Plasma Eniseian

lt I I I tttl
was ccatzolled by soMeaze fhan Applied Reseev& Laharatexy used an a
QEC PDPl103 cxaqpubm. ~ weights of all digested samples, amuate to
0.1 mg, were entered into tbe aaopzbmr. Therefore, the printout
reported the results for the sediment, hepatcpmmreas, and abdcminal
macle as sg/kg and the water as ~ Reagent blanlas, and stanchrds
were analyzed simultaneously with the samples. The samples were
arranged in the autasampler such that the water samples were analyzed
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actual values, there a~eazs to be ~ accumulating effect in the
crayfish tissue.

! I! !
in the standazds. 'Ihe two Basin sites with 50 mg/Jag have high
cmmntnaticns in the scdimaxxt. 'Ihe levels of cobalt in the water were
below 10 ug/L the first year and less than 190 ~ the secand year.
'IRxe ixxxeased cxeamtzatian of cobalt in the water was resp~sible for
the inczeaseR amcentratian of cobalt in the tissues far the secctnd
year»

%he dstezminatians far cadmium in stanclazds ~ well with those
zeparted by the smrae. The axa:met of ~um in the water was belier
10 nfl 'Ihezefaze, the water did not cantxMxba significantly to the
acaosxxtzatian of zesidues found in the tissues.

M~xt �976! analyzed ~yegg ~~~  akxrimp! and ~K]gg,gemma~
 yzaln! far heavy amhQs. ~ g. ~ca~ had 7 malay ac@par in the

VI» . »»! 92 ! .. »II!!
C5 in the Cxole bcdy. I yggggga had 2.80 mg/fag C5 in the whole body.
IN . ! !»» Y ! ~!»»»»»»L

hllS !»!»»!» .! ~ ! . »»y !»

!»» ! !»»»! d!!
pL'otlLLns»

~espie, Nt al. �977! cIetezxLIned the cachdum uptake br ggggggg~
QEE~RS NZRiBQLIIN  Gizazd! in Erie, New Yark. ~ species was
ckmseax sinoe it is an Syartaxxt link in aquatic food webs. ~um-
109 chl~ was dissolved in water at l~ up to 1 ~ C5.
anhsals were mcaxitozed far 190.5 houzs, at which poixxt the xMen
cxxxxNxtraticax in the cxayfish mgmsed to 1 ~ was 534.4 zg/kg with
I/ ! I» ~ »»!» ~ » VI!
drin!dng water and 13 zg/!xa in food  watt xMght! aze aaasidered
bamLzdms to human health  Ajax., 1962! . ~mr pezudasible limits far

! ~!» ~W
fatal ar Louisiana zegulatary agama.

Ray �984! zepazbad that the base zesidue level far ~um in the
North Atlantic surface water is 40-60 agfL and scmNxwbat higher in
estuarine and coawtal watezs.

The lower sedizMNxt ~xaxxextratian of aopper in the pcml ~es resemble
~! H 4 ' »!

the Basin swnples mme closely zesekke the cceoexxtzation in the river
staxx9azd. 'IRxe values for cqpper in the crayfish tissues aze lawer than
those anticipateR if the values in the standazds are typical of
physiolcjgical levels.
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far bath paar in aU. saqQes, there was na significant accutlmlation or
concentrate of cappy fxcej the water by the crayfish.

yt vf~
could be used as a good biological manitcr of heavy metal pollutian.
Cupric ice wes dispersed in the water. Cuyric ice cancentzatian,
detel~ed using an electrode, for the aMamn, claws and thorax was
acebined to dsteradne the abreast of acumLQ.aticll. 'Ihe acculaulatian in
body parts was 86 ug/animal Cree elgasuze to 3 ~ for 48 hours.
Bexnazd and Ray �979! used X-ray fluoresced to monitor heavy metals
in tklanecic fatty material  hepatopemxeas! and tail bLlscle of crayfish
fxcbm marsh ponds, rice fields and the Atchafalaya River Basin at
~lhcixla, Louisiana. Of the capper, nickel, chzclnium, arsenic, lead,
zinc end bura' monitaxed, anly capper, zinc and iron wexe faund in

yyy y

'Ihe quaQtificaticEl of bREcuxy residues is difficult to intezjpt%ft Our
analysis of the lelvmry in the river sample was apgealdmately ten-fold
the values zeparted by MBS, however, mr values agree quite well with
the estuarine stencaazd. 'I%ere was zm quantification of mev~r by the
MS in the tissue sal~. However, the ccmentzatians of mezcuxy in
mr samples are in the same zange as that far the bovine and cysbir
standaxds. Ail of the water samples far both years bed less than 10
ug/L bshe

king, et al. �987! zepaxted that p. ~yZQQ, in ~ had
y wow

zeparted 0.070 to 0.560 mg/kg mrcuxy in the whale animal using
i~gg~ gQQgg in a canhuainated paxtim of the Wiscansin River,
~ peg~, pulp, ~:zine and caustic soda plants aze located.
Cate ament of nickel residues in the cnxyfish tissues was greater than
those reported by Rinoan, et al. �987! and Sbe&eIy �978!. 'Iha emurrt
zeported in the sedilmnts falls within the range zeL orbed in the
litexetLme  Table 4!  Rh3dlamj, 1979! . Rm ccbb entzatian of nickel in
the water was less than 30 ug/L far both yeexs.

~ element of lead in the Basin sedimmt sabples was less than that
found in the river sediment standard. Since the estuarine stmdard was
quantitated to 106 mg/lap aa~zed to the NBS quantification at 28, the
a~ values in the sediment aze probably lalch lower than those
reported. 'Ibe ineccuzacy in the analysis of lead ibpedes making
canclusicm about the quantity of lead in the tibmmles. Howmrer, since
the quantity of lead in crayfish tissues are lower than the values
obtained far the analysis of lead in the stmxhzds and the standazds
weze quantified at 0-11 mprkg far a xi~ed 0.5 bg/kg lead in oysters,
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TMKZ 4. TRACE EXZRKNT  XSFZEPT OF SOZLS

pzecaBsq the parenthesis is the men value
fauna in Lindsay �979!
2rmNxe' preaeiizg the parwxthsmis is the mean value
faunel in Kir!dna �979!
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the zelative armunt of lead is vezy lmr. The level of lead in the
water was less than 10 ug/L in all samples far the two years.

Bernazd and Boy �977! zeporbld that g. ~~~ in Louisiana had the
following zanges: ~9 mg/kg CLl; <0.1-3 mg/lag Ni;  O.l mug H'g, As,
Cd; arxR <0 ~ 1-0.9 ~ Eb in the hspatoparxzeatic tisme. The
oancemttxatians of mme, arsenic, lead and cadmium were higher in
this study than this eazlier study. 'Ibe cancentratians of copper and
nicIaal residues zepazted by N&ght �976! were higher for prawns arri
shrimp than those obtained, in this study.

~ values far anhhmay and silicon in the standazds were nat
quantified by either the NBS ar NBC of Canada. 'Ihera<aze, little can
be said about the values obtained. %be amount of ax~cay in all
~t! ~ 'Ih. 92
cansideL~y mme variatian in the alxhmdmQ. mscle and se!Umlmt.

variatian of values in the sedinent. Other possible ezplanatians are
that. the aneunt of ~imaay in the water may be a better variable, or
the type of soil may affect the zelease of ant&any.

Silicon is a major oa~nent of sail. ~ upbear Basin  UB!, lower
Basin  LS! and VezuMicn Pax&lh  VER! sites had lever levels of
silicon, since the sediment is primarily azganic matter oa~red to

!!!
the sesqQes with mace zesiduss ~ ather metals. 9%a pands, Crawley
Rice Statim  CRS!, St. I4aztin's Parish {SIN!, and Acadia Parish  AP!,
had mme silicon and less of the athar mstaIs in genera. since there is
less aeganic matter to sequestle the amh6a. Even thigh the levels of
metals varied fzcsL cas year to the nsmd: in the two Basin lccatians, the
Basin sites had mxee metal zesidues than the pand sites.
Van~ analyses in the saignant staLndmds agreed well with the NBS.
The unusually high values in the sediment of the two Basin locations
and KH far the first paar may be due to axxze inhstrial effluerrt bound
to the sarment such that it could be easily hydrolyzed. 'Ihe peak
seasan upper Basin  UB! ~es and the late seasca VER pand water
~es had agyrcocbaately 40 ug/L vanadium. 'Ihe abdominal mascle fmn

'!

and UB had hiIgher levels of vanadium than the others.

An attempt was made to discern changes in the residue levels due to the
time of seasan, and thezefare maturity of the animal. H'amber, the
ezdzela matuze at. different rates in different sites deperxbng on the

!tF ~ ~ t!, !'
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parathion. Xn addition, the Pckee~ of these chemicals did not
significazztly inneemie during the molting cycle of crawfish.

%petto arxl AliMma �987! analyzed ggg~i b~crLi and Oraonectes
!Id! ! ddd ~Y ddd

copper, cadmium and nickel. aha oc~ levels in the bepatopan-
czeatic tissue and abdcminal muscle were appzcodmately ten-fold higher
in these animals caught in unpolluted water than in this study. The
~um canxzztrations were similar heta~n the studies when both are
put on a dzy mahPzt basis. 'Qm aanmzztration of nickel in this study
was slightly higher than their ~es fzcza unpolluted waters, but much
lower than their samples fzcia polluted waters when put on a dry weight
basis far cciaparisce.

CXKXQSXC5S

~ish in 6 local~s were a~led at 3 diffezezxt times durizig 2
seezams. 'Ihexe was no significant diffezencm in the concentration of
~ residues in the abdcminal zszscle and hepatcyanczeatic thisues
heber locaticms ar bedizen times of seas' or betsmen wild and yond-
zaiIe5 crayfish. 'Bare ms no ex@relation when amies were separated
by locaticmz bsbeen the crayfish with the hig41r ccmcentzaticns of
mehLl, zesizhms in the tissues azxi the hLcgmr of metal

ld I ~ .. ~, ~ Id ld
! ~dd.

higher cxamezztzwtica of scca stale in VER aid. US tissue samples might
I Ha Id ~ ~ ddd II

tl ddd
~ ccamsztzatians of ~ resichzes were similar to those reported by

Id d. I
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PROPERTIES AND POTENTIAL USES OF OYSTER SHUCKING WASTE WATER

Chyuan-Yuan Shiau and Tuu-jyi Chai
Seafood Science and Technology Division

Horn Point Environmental Laboratories
University of Maryland

Cambridge, MD 21613

INTRODUCTION

Oysters are commonly marketed fresh, shucked or in the shell. Raw
oysters are first shucked, then washed, drained and packaged. In this
process, a large quantity of waste water is generated. It is esti-
mated that the annual production of 50 million pounds of oyster meat in
the USA vill generate 55 million gallons of waste water or 2 million
pounds of soluble solids  Kramer et al. 1962a!. The soluble solids
contain proteins, flavor components and other nutrients. This large
amount of soluble solids lost in waste water creates a serious environ-

mental pollution problem and tedious task for the seafood industry.
The recovery of these soluble solids for human consumption can benefit
both the industry and public health.

Recovery of other seafood processing vastes has been attempted.
Potential products from effluents of surf clam and quahog processing
industries have been studied by Barnett and Lin �981! using foam frac-
tionation. Protein and flavor components from clam processing wash
vater have been isolated and characterized  Hang.et al. 1980; Joh and
Hood, 1979!. Removal of suspended solids from tanner crab, salmon and
shrimp waste waters has been studied using hydrocyclone system  Johnson
and Lindly, 1981!. Recovery of functional protein from clam effluent
processing vith direct acid precipitation, ultrafiltration, microgas
dispersion flotation and ion exchange chromatography has been evaluated
 Jhaveri, 1984!.

Little information has been reported about the potential use of
oyster processing waste for human consumption. The recovered products
of this oyster ~aste under sanitary conditions and good quality control
can be processed for oyster broth, oyster-flavored concentrates or
powder and oyster sauce. It can also be processed for oyster-flavored
ingredients for use in formulated foods such as chips, snacks, and ad-
vanced fabricated seafoods. Further fermentation of recovered concen-

trate can be a more effective approach in processing the oyster waste
into high quality flavor ingredients and food condiments. This report
describes the composition, methodology and quality assessment of re-
covered concentrate from the oyster processing waste water. The poten-
tial use for human consumption of the final products processed from the
oyster waste has been evaluated.
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MATERIALS AND METHODS

ster li uor sa les. Raw oysters were harvested from Choptank
River and Nanticoke River in Maryland. The oysters were shucked in the
laboratory to determine the yield of oyster meat and waste liq~or.
Oyster processing waste water was obtained from a large local oyster
processing plant. Commercial oyster sauces of various brands were
purchased from supermarkets in New York City and Cambridge, MD.

Concentration methods. Flash evaporation was applied to concen-
trate the oyster liquors to a paste at a temperature below 40'C.
Millipore oellican ultrafiltration with membranes of 10,000 nominal
molecular weight limits were used to concentrate the waste water to 10
to 20 fold concentration.

Permentation. Ten percent salt was mixed into the recovered waste
liquor concentrates and incubated at 15'C, 25'C and 35'C for fermenta-
tion with and without the addition of Aspergillus oryzae  purchased as
malted rice form, commercially named "koji-!.

assessment. Waste water quality including pH, total
solids, total suspende solids, chemical oxygen demand  COD! and con-
ductivity were determined according to the standard procedures  US EPA
1979!. Microbiological analysis was performed as the procedures de-
scribed in FDA method �984!. Heavy metals were measured by atomic
absorption spectrophotometry.

Chemical anal sis. Moisture, lipid, ash and salt were determined
according to the AOAC method �984!. Total nitrogen and non~rotein
nitrogen separated from TCA precipitate fraction were determined by
K]eldahl method. Patty acid composition was determined by gas chroma-
tography of total lipid prepared from chlorofo~thanol extraction.
SDS~el electrophoresis was performed for the determination of protein
profile according to the Imthod described by Chai and Foulds �974!.
Amino acids were analyzed by an amino acid analyzer. Nucleotides and
related components were determined by anion exchange chromatography
 Hayashi et al., 1978!. Volatile base nitrogen  VB-N! was measured
with the method used by Gould and Peters �971!. Amino nitrogen was
analyzed according to the method described by Cobb et al. �973!.
Glycogen was determined using phenol-sulphuric acid extraction de-
scribed by Dubois et al. �956!.

RESULTS AND DISCUSSION

The ield and composition of shell li uor and bled li uor

Freshly harvested oysters were shucked in the laboratory to de-
termine the yield of shell liquor which originally existed inside the
shell and the yield of bled liquor after shucking. As shown in Fig. 1
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Oysters �30!

Shell liquorOyster meat

1931 g  8.4 g/oyster! 464 g

�'C!

Sled liquor
731 g �8X!

Oyster meat
1200 g �2X!

Figure l. Yield of oyster meat and liquor

Table I. Composition of oyster neat, shell liquor and bled liquor

Shell liquor Sled liquorOyster meatComposition
 Z!

96.3197. 3880.99

19. 01

13. 68

isture

3. 692. 62Total solid

Protein 1.841. 05

l. 22l. 22l. 60Ash

0 ~ 730.720.54Salt
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shall liquor and bled liquor occupied about 20X and 30X respectively
of the initial oyster meat volume  drained meat plus liquor generated
during shucking!. The total waste liquor including both shell liquor
and bled liquor which was released from oyster neat at I hr storage
after shucking accounted for 50X of the initial oyster meat volund.
Shell liquor and bled liquor contain 2.6X and 3.7Z total solids and
1.1Z and 1.8X of protein respectively  Table I!. During processing,
proteins in oyster liquor would be lost by shucking, washing aad blow-
ing. Xn the U.S.A., oyster neat production is about 50 million pounds
a year, and about 50 million pounds of liquor aad l. 5 million pounds of
protein would be lost in the waste water.



Both liquors contained about 0.7X aad 1.2X salt respectively. The
salt content in liquor was higher than in oyster meat. Kramer et al.
�962b! indicated that the salt content of sheLL Liquor was considered
to be a reasonably close approximation to the actual salinity of the
water where the oysters were harvested. However, our results showed
that shell liquors had a lover level of salt than that of the oyster
growing water  I.IX!.

Based on the result of SDS gel electrophoresis, both shell liquor
and bled liquor had an identical protein profile which vas similar to
that of the oyster swat  Fig. 2!. During storage, the protein pattern,
of drained liquor collected at different storage time of 15 ad.n aad 2
hr was not changed. There were about 36 bands which appeared on the
SDS-polyacrylamide gel. By comparison to the marker proteins, the
molecular veights of ma!or proteins were in four groups of 22,000,
32,000, 43,000 and 58,000 Daltons with the preliminary protein ranging
from 20 to 25,000 Daltons.

The ualit aad eom osition of o ster rocessin waste water

In commercial oyster shucking plants, the shell liquor and bled
liquor were mixed in the oyster pot. This mixed liquor formed original
waste water and was collected when the oysters were first drained for
weight determinatioa. The original waste water was composed of shell
liquor, bled liquor aad rinse water. After draining, the freshly
shucked oysters were normally washed in a blowing tank with 5 to 6
volumes of water resulting ia a large quantity of wash water vith
certain amounts of soluble solids. It has been reported that the
oyster lost about 14X solids to the wash ~ater  Kramer et al. 1962b!.
Caravan and Thomas �981! also indicated that much vaste was generated
in the blowing process. Both original waste water aad wash water were
used for recoveriag byproduct in this study as they would otherwise be
sources of pollution.

The original waste water contained 0.65 � 2.24X of total solids
and 0.24 � 0.96X of protein  Table 2!. Due to the dilution with water,
the total solids and protein in original waste water is lower than
those of shell liquor and bled liquor  Table 1!, but higher than those
of wash water. The original waste vater also had higher COD, conduc-
tivity, VB-N, aerobic aad anaerobic count than those of vash water.
Based on protein content, the recovery of the byproducts from original
waste vater seesmd to be much more potential than wash water.

The parameters and compostion of both liquors varied depending on
oyster quality, storage time, season, post harvest treatment and shuck-
iag processing method. As shown in Table 2, the waste water in Nay
contained higher total solids, protein-N, nonprotein-N, ash and salt
than those in February.

395



Figure 2. Stained SDS-polyacrylamide gel after electrophoresis:A-S,
shell liquor; C-F, bled liquor collected at 15 and 120 min
intervals of storage; and G-K, oyster meat of different
samples.
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Table 2. Quality assessmeat and composition of oyster plant waste water

i ina water Wash water
Feb. Nay Dec. Feb.Parameter l4tay De c.

7.41
O. 65

6. 79
2. 24

7.51
0. 24

7 ~ 36
l. 12

7.16
0. 33

7. 38
0. 59

714

1,890
3.332
8,250

1,521
6,50G

339

930

371

1,080
704

1,440

12,212
3.12

3,422
0. 87

7,998
2. 34

1,830
0. 31

2,247
0. 58

3,254
0. 77

l. lx 104
0

0. 24
0. 21
0. 15

8.4x105
G

0. 96
0.86

0.76

6.9x102
2. 5x102

0.11

0.08

7.5x103
0

G. 24
0.21

G. 14

1.2x105
9.0xlol

0. 45
0.49
0. 43

l. 7x105
0

0. 19
0. 12

0. 10

Characterisation of o ster waste paste

Oyster liquor was concentrated to paste by flash evaporation and
the composition was analysed. The approximate composition was 55.2X
moisture, 4.2X total N, 3.7X protein-N, O.SX noa~rotein-N, 0.35X
amino-N, 0.3X lipid, 15.9X salt, 1.5X glycogen and 6.1Z ~alt  Table 3!.
The final recovered waste paste contained lower organic matter than
that of oyster meat except for ash and salt. Particularly, the paste
had much lower level of lipid and glycogen than that of oyster meat.
Zt has been reported that only 2.4X glycogen lost into bled liquor from
oyster  Kramer et al., 1962b!. Lipid lost in liquor may have the same
situation. The high content of salt in concentrated paste indicated
that most of the salt~ontent solid release into the oyster liuqor.
The result agrees with that observed by Kramer et al. �962b!.

The amino acid anaLysis showed that the concentrated oyster paste
had a full spectrum of amino acids  data not shown!. The predominate
amino acids, ia descending order, were aspartic acid, histiN,ne,
glutamic acid, leucine, argiaine, alanine and praline. However, the
predominate aid.no acids in oyster meat were glutamic acid, arginine,
alanine, aspartic acid, methioniae, serine, lysine, glycine and Luecine
 Burnette et al. 1979!.
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pH
Total solids  X!
Total suspended

solids  mg/l!
COD  mg/l!
Conductivity
 tahoe/cm!
VS-N  mg X!
Aerobic count

 PFU/ml!
Anaerobic count

 PFU/mL!
Fungi  PFU/ml!
Crude protein  X!
Ash  X!
Salt  X!

2. 2x10 2. 6x 1 06 l. 2x10 2. 5x10 4. 7x 1 05 4. 5x10



Table 3. Approximate composition of oyster waste paste and oyster meat

ncentrated Oyster
meat

et Wt. basis Dry Wt. basis

Composition
 X!

CMP, AMP, Hyp and Ino were the major nucleotides and rel,ated
components which vere similar to freshly shucked oyster except that AMP
vas slightly reduced and Hyp was increased  Table 4!. AMP and CMP also
had been detected as predominate nucleotides in boiled crab meat by
Hayashi et al. �978!. AMP, GMP and CMP were considered as taste-
active components to boiled snow crab meat  Hayashi, et al. 1981!.

Table 4. Nucleotides and related compounds of oyster vaste pastes and
oyster neat   ynole/g!

ommercial

oyster meat
Nucleotide and

related compound
res oyster

meat
quor

paste

4. 36

0. 621. 0'3

0. 08

1. 31
1. 17

0. 79

I. 69

yti ine ~nop osp ate
AMP - Adenosine 5 ~onophosphate
GMP - Guanosine 5'~nophosphate
UMP � Uridine 5'~onophosphate
IMP � Inosine 5'~nophosphate
ADP - Adenosine 5'Miphosphate
Ino � Inosine

Hyp � Hypoxanthine
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Moisture
Total-N
Protein-N

Nonprotein-N
And.no-N

Lipid
Ash

Salt

Glycogen

CMP
AMP

GMP

UMP
IMP
ADP

Ino

Hyp

55 ~ 15
4. 18

3.67

0. 51
0 ' 35

0.28

15.90

6. 1.4
1.54

9. 32
8. 18

l. 14
0.78

0. 62

35.45

13. 69
3 ' 43

82.86
2. 18

1.94

0. 24
0. 16

1. 57

1. 19
0. 48
2.74

1. 66

0. 19

0. 19

0. 30
0.01
0. 33

0.25

12. 72
11. 32

1. 40
0. 93

9. 16

6.94

2. 80
15 ~ 98



It was interesting that the fatty acid profile of concentrated
paste vas different from that of oyster meat  data not shown!. The
former contained higher non m 3 fatty acids while the latter con-
tained higher m 3 fatty acids. It is possible that the lioid cora-
ponents were bound to the tissue membrane of the oyster meat so that
they would be difficult to release duriag shucking process and re-
frigerated storage. Another possiblity is that the high level of
eicosapentaenoic acid �0:5 z 3! and docosahexaenoic acid �2:6 ~3!
could be the substrates for eazymatic conversion to aldehyde and alco-
hol volatile aroma compounds ia oyster  Josephsoa et al. 1984!.

Characterization of ultrafiltrated concentrate

Table 5. Comparison of chemical changes of oyster wash vater before
and after uLtrafiltration with 10,000 nominal molecular ~eight cutoff
membrane fiLter

Unconcentrated
vash water

10 fold 20 fold Filtrate
Concentrations

Parameter

7 ~ 62
0,58

403

7 ' 62
2.27

1,925

7. 92

0. 38
10

pH
Total solids  X!
Total suspended

solids mg/g, !
COD  mg/i!
Conductivity
  yahos/cm!
VS-N mgX!
Total-N  X!
Protein-N X!
Nonproteia-N X!
Ash  X!
Salt  X!

7. 66
4. 03

4,683

6,580
3,726

1%320
3,427

19,200
3,521

700

3,378

1. 48

0. 240
0. 202

0.038

0. 25

0. 15

0. 85

0.036
0. 022

0. 014

0. 21

O. 15

0. 66

0. 012

O. 002

0. 010

0. 19

0.15

1. 90

0. 464

0. 395

0.069

0. 29

0. 13
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By ultrafiltration  with membrane filter of 10,000 nominal
molecular weight cutoff  NtMC! oyster wash water was concentrated to
ten or twenty fold concentratioa. The total solids vere four or seven
fold of the original wash water when wash water was concentrated to 10
or 20 fold concentration respectively  Table 5!. Twenty fold concen-
trate had 18 fold protein increase and 5 fold nonprotein increase as
compared with those of original waste water. Most protein had been
recovered by ultrafiltration, but most nonprotein compounds lost in the
filtrate.



Ultrafiltration treatment reduced COD and total suspended solids
from 1,320 mg/ g and 403 mg/g, to 700 and 10 eg/ E respectively, Zn and
Cu accumulated in concentrates, indicating that these two heavy metals
eight bind to the protein in the waste liquor  Table 6!. Nevertheless,
as compared to the heavy metals in oyster meat, waste liquors contained
lower heavy eetals  Surnette et al. 1979!.

Table 6. Metals ia original liquor and wash water

Metal Ori iaal li uor Washed water
  ! Uacoacentrated Concentrated Unconcentrated Concentrated

G. 34
0. 02
0. 03

0. 03
7. 74

<0. Ol

3. 25
G. 04
G. 07

0 ~ 07
64. 2

<0. 01

6. 80
0. 10
0. 17

0.27
248

<0.01

0. 97
<0.01

0. 05

0. 05
34. 9

<0.01

Cu
Cd
Pb

Cr
Za

Utilisation. Oyster waste concentrates contain an adequate amount of
proteins and nonproteia nitrogen compounds. These components and other
flavor constituents not yet identified are flavor potentiators which
make oyster waste concentrate a potential flavoring agent. Oyster
sauce prepared from concentrated oyster broth with other ingredients
has been widely used world~de for centuries. Three brands of com-
mercial oyster sauce were chemically analyzed aad found to contain
variable amounts of major components  Table 7!. Oyster waste concen-
trate can be prepared by addition of other ingredients to make oyster
sauce. Other products such as oyster broth and oyster flavor ingre-
dieats can also be prepared. The wash water was concentrated to 3
times its original solid content by steam-Jacketed kettle. The con-
centrate has been prepared into oyster broth which has been accepted by
sensory evaluation  data now shown!. Pish sauce, a naturally fermented
fish Juice prepared from whole small fish containing over 20Z salt, is
a strong flavoring food condiment widely used ia Southeast Asia.
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To enhance flavor intensity, feramntation was applied on oyster
liquor concentrate. A temperature of 15'C and addition of 10Z NaC1
were found to be the optimum conditions for fermntation. During
fernmntation, pH was decreased by 1 to 2 units at 3 months and was then
stable uatil 6 months  Table 8!. Non~rotein N and volatile base N
were increased as fermentation progressed. The increase ia these types
of N components would enhaace the flavor and odor of the products.



Table 7. Characteristics of commercial oyster sauce products

Products
ATest

Table 8. Chemical evaluation of oyster waste concentrate during
fe~ntation

Storage time  month!Test

5. 395.31

0. 100. 50

0. 04
4. 68

0. 30
13.60

The chemical evaluation of oyster waste concentrate during fer-
mentation with the addition of As er illus o zae  Ko!i fore! is shown
in Table 8. The addition of "kogi" to the concentrate significantly
accelerated hydrolysis when compared to that, observed without addition
of "ko]i"  Table 9!. In a week of incubation, there was a significant
increase in the rate of digestion as Judged by the nonprotein-N and
amino-N. The product possessed oyster flavor in the early stage of
fermentation. After the first week of fermentation, the digestion
gradually slowed and a more soy sauce-like sweet taste developed in the
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pH
Moisture  Z!
Total-N  Z!
Nonprotein-N  Z!
Protein-N  Z!
VS-N  mg Z!
Lipid  Z!
Ash  Z!
S lt  Z!
Price  $/oz!

pH
Moisture  Z!
Ash  Z!
Total-N  Z!
Protein-N  Z!
Non~rotein-N  Z!
Va-N  mg Z!

6.52
87. 89

9. 07
0. 41

0.44
G. 03
4.13

4. 97

51.50

1 ~ 11

0.29

0.82
21.21

0.74
10.97
10.36

8.13

5.61
87.14

9.27
0. 44

0.40
0.04
7.70

4.56

75. 47

2. 87
0. 77

F 10
28. 42

4. 29
5. 60

4. 82
22. 60

7.83
89. 68

9.24
0. 11

0. 09
0. 01
2. 10

5.38
89 ' 49

9.17
0. 10
0.07
0. 03
3.70

5. 20

40. 32

2. 02

O. 50

1. 52
14. 70

2. 15
11. 94

7. 91

12. 90



product. A similar result was reported by Huynh �982! in the fermen-
tation of herring with "ko!i."

Table 9. Chemical evaluation of oyster waste concentrate during
fermentation with the addition of Asnergi11us oraze �X
"ko]i" form!

ermentation time weeks!
At C At 25'C

0 1 3 5 7 1 3 5 7
Test

5. 51

Oyster waste liquors contain valuable soluble solids including
proteins, non~rotein N substances, nuleotides and related components.
Millipore pellican ultrafiltration was demonstrated to be an effective
method to recover the soluble solids. Heavy metal analyses indicated
that oyster waste concentrate was safe and suitable for human consump-
tion. Oyster sauce, oyster broth and flavor ingredients would be
potential products of this recovered waste. Fermentation of recovered
waste concentrate could further enhance the flavor of oyster sauce for
the use as a food condiment.
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ABSTRACT

Female roe mullet carcasses were digested in the Holloway
Processor, a pressure chamber, by using saturated steam at 60 psig
�00 o F! with continuous mixing for 30 minutes. The resulting liquid
 soluble! and solid  flesh, bone, and viscera! byproducts contained  on a
wet weight basis! 6.25X and 15.7X protein, respectively. These two
byproducts possess good potential for further refinement into feed and
fertilizer ingredients.

INTRODUCTION

Processing of female roe mullet produces average roe and gizzard
yields of 17X and 1X by weight, respectively. Over 1.35 million pounds
of female roe mullet carcasses were generated by Alabama processors in
1986 '

A small amount �X! of the female roe carcasses found their way into
human food channels, although their overall poor quality usually
precluded this as a viable outlet. Traditional outlets for female roe
mullet carcasses have included landfilling or freezing for future use as
crab bait.

Landfilling of carcasses has become quite unpopular. Many
municipalities and operators of private sanitary landfills have closed
their gates to any type of seafood processing waste. Others have imposed
substantial surcharges, which have made landfilling uneconomic. In the
case of roe mullet processors in southern Mobile County, the nearest
sanitary landfill is 50 miles away. The daily 100-mile round trip has
likewise proven an economic hardship. Thus, no female roe mullet
carcasses were landfilled by Alabama processors during 1986.
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Over 1.2 million pounds of carcasses were placed in frozen storage
by Alabama's mullet roe processors in 1986. Crab bait is worth only 6
cents � 7 cents per pound, and frozen mullet must sometimes be held for
up to 6 months before requests from crab fishermen are received. With
frozen storage costs averaging 12 cents/Lb for six months, economic
losses of 5 cents � 6 cents/lb are not unusual.

A cooperative project was undertaken by the Johnson Research Center
and the Alabama Sea Grant Extension Service with funds provided by the
Alabama Department of Economic and Community Affairs, Science,
Technology, and Energy Division, under Contract No. ADECA-1EX � WWS-8607.
The project objectives were to:

Evaluate the effectiveness of the Holloway Process for
of female roe mullet carcasses.

treatment

Quantify chemical composition of recovered materials.

for feedDetermine economic potential of recovered materials
and fertilizer applications.

METHODS

The Hollowa Processor

Sam le Collection and Processin

Five sample collections were made during the period from November 4,
1986 through December 4, 1986. The mullet had been netted along the Gulf

4as

Diagrammatic representations of the Holloway Processor are presented
in Appendix Figures 1 and 2. The patented process was developed by Urban
Waste Resources  UWR! of Birmingham, Alabama for the treatment of
municipal solid waste  MSW! and sewage sludge. The process includes a
pressure steam pretreatment of HSW, with water or sewage sludge as the
wetting agent, to yield a sterile cellulosic fraction and recyclable
metals and glass. The process can potentially reduce the amount of
processible materials currently being landfilled about 80X by weight and
90' by volume  Urban Waste Resources, No Date!.

Energy to run the Holloway Process consists of electricity used to
operate the loading conveyor and processor agitator �40 V, 3 phase! and
to operate the boiler water pump and air induction fan �20V, single
phase!. Process energy also consists of saturated steam. The boiler is
a 30 bhp package boiler fueled by No. 2 fuel oil. The boiler is operated
at 100 psig, but the process steam is regulated down to 60 psig at the
process unit. The quantity of steam used is measured by metering the
boiler feed water. The saturated steam at 60 psig �00 F! is injected
directly into the process chamber.



Coast and brought to a processing plant in the Mobile area. The roe
sacks and gizzards were removed at the processing plant, and the
remaining carcasses were transported from the fish processing plant to
the University of Alabama in Huntsville  UAH! in 55-gallon drums in ice.
After arriving in Huntsville, the ice and water were drained from the
fish, and the fish were weighed before processing. The average weight of
each fish carcass was 1.38 lb. A total of 2,556 pounds of fish were
processed.

For processing at UAH, the Holloway Process unit was preheated, and
the whole carcasses were loaded into the process unit. No water or other
components were added since the moisture content of the fish was
sufficient for processing. The process unit was sealed, and saturated
steam was directly injected into the process unit containing the fish
carcasses, with gentle agitation to insure uniform heat distribution.
The steam was continously injected, and agitation maintained during the
heat-up period to 55 psig, and during the cook cycle, which lasted 30-60
minutes after reaching 55-60 psig.

At the end of the cook cycle, the process unit was depressurized,
and the unit contents were removed by draining into 55 gallon drums. In
a cooking time of 30 minutes or more, the fish carcasses were cooked
completely to a fine stew with fish scales and vertebrae being the only
identifiable pieces. All of the material passed through a 1/2" screen.

The collected material was weighed and filtered through a 120-mesh
screen to separate liquid and solid fractions. Small quantities of the
liquid fraction were further separated into an oil layer and an aqueous
layer by centrifugation. Generally, oil was collected by decanting from
the top of the liquid fraction. Samples of liquid and solid fractions
were collected in sterilized mason freezer jars. All samples were stored
at -20 o F until analyzed.

Electricity and fuel oil consumptions were recorded for each
processing run. Steam usage was also monitored and recorded.

Total K 'edahl Nitro en Ammonium Nitro en and Moisture

Five TKN analyses were performed on samples of fish liquid and fish
solids. All TKN analyses were performed according to standard methods
 AOAC, 1980! and  EPA, 1983!.

Three Ammonium Nitrogen analyses were performed on samples of fish
Liquid and fish solids. Ammonium Nitrogen analyses were performed
according to a standard method  AOAC, 1980!.

Three moisture determinations were performed on samples of fish
solids. Moisture analyses were performed according to a standard method
 EPA, 1981!.

Total Or anic Carbon

Samples of fish solids and fish liquid were analyzed for Total
Organic Carbon  TOC! on two occasions. ALL TOC analyses were conducted
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on an Astro Model 2001 analyzer  UV/persulfate decomposition with IR
detection! according to Method ¹EPA-415.2  EPA, 1983!.

Chemical Ox en Demand

Chemical Oxygen Demand  COD! determinations were conducted on two
occasions on samples of fish solids and fish liquid. All COD
determinations were performed according to Method ¹KPA-410.1  EPA, 1983!.

Elemental Anal sis

Elemental  or mineral! analyses were conducted on two occasions on
samples of fish solids and fish liquid. Elemental composition was
determined by the Inductively Coupled Plasma  ICP! technique according to
Method ¹EPA-200.7  EPA, 1983!.

Small amounts of oil recovered from fish liquid samples were
analyzed for fatty acid composition. Extracts were prepared from the
fish oil, and methyl esters of the extracts were analyzed on a Hewlett-
Packard Model ¹5890-A GC � Flame Ionization detector using a 30 m X 25 mm
capillary column according to instructions in the GC � FI operation
manual  Hewlett � Packard, No Date!.

RESULTS AND DISCUSSION

Appendix Figure 3 provideds a schematic representation of average
energy and material flows. For processing, the amount of steam required
to pre-heat and cook the fish averaged 500-600 pounds per batch
operation. Thus, steam usage averaged about 1 pound per pound of fish.
During processing, about 50X of the steam was condensed into the final
product, and the remaining 50X of the steam was vented to the atmosphere
during depressurization.

The amount of electricity used averaged only 1-2 KWH per batch
operation. The amount of ¹2 fuel oil consumed by the boiler, which
operated at 80X efficiency, averaged 5-6 gallons per batch. Based on
current prices of electricity and fuel oil, total energy costs averaged
$5 per batch, or about 1 cent per pound of fish.

This cost, although small, can be reduced by increasing the quantity
of fish per batch. Steam consumption was reduced to only 0.62 pounds of
steam per pound of fish when 861 pounds of fish were processed. Reduced
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steam usage also resulted in less aqueous liquid and higher solids yields
in the products.

Energy consumption, both as electricity and fuel oil, averaged l160
Btu per pound of fish. By increasing the quantity of fish per batch to
861 pounds, energy consumption was reduced to 750 Btu per pound of fish.

Material Recoveries

A combined total of 2,556 pounds of mullet carcasses were processed
in five batch runs. The smallest quantity processed was 263 pounds, the
largest quantity processed was 861 pounds, and the average was 511 pounds
per run. A watery fish stew was initially obtained from the test runs.
The material showed an increase in weight of 50K � 60X over the original
fish weight due to the steam condensate.

Liquid and solid fractions were obtained after filtering on a 120-
mesh screen. The yield of filtered solids obtained varied from one run
to another, but was in the range of 200-300 pounds per run. The yield of
the liquid fraction also varied from one run to another, but was
approximately equal to the original weight of the fish processed.

The liquid fraction could also be separated into an oil layer and an
aqueous layer upon centrifugation. The oil represented 0.5X � 1.0X of
the liquid fraction. The aqueous layer also contained some additional
suspended solids that precipitated during centrifugation.

The results of Total Kjedahl Nitrogen  TKN! and Ammonium Nitrogen
analyses of fish solid and.fish liquid samples are presented in Table I.
Calculated Total Organic Nitrogen  TON! and protein contents are also
presented in Table 1. Total Organic Nitrogen was calculated as  TON
TKN - Ammonium!. Protein was calculated as  Protein ~ TON x 6.25!.

Table 1. Nitrogen Contents.

Fraction TON ProteinAmmonium

Fish Range,ppm 6,300-32,400 177-198 6,114-32,217 38,212-201,356
Solids Mean,ppm 25,305 186 25,119 156,996

Std Dev 10,854 7.6 10,855 67, 847

Fish Range,mg/I 10,000-10,750 224-291 9,743-10,494 60,894-65,588
Liquid Mean,mg/I 10,250 257 9,993 62,455

Std Dev 300 24 296 1850

Results from four out of five fish solid TKN analyses performed were
in very good agreement, ranging from 26,400 ppm through 32,400 ppm. One
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low data point  TKN ~ 6,300 ppm! lowered the mean TKN to 25,305 ppm. The
low value may have resulted from high percent moisture in the fish solid
fraction analyzed, or simply from analytical error. Fish solid fraction
ammonium data, however, agreed very well. These data yield a calculated
mean fish solid protein content of 15.69X on a wet weight basis.

Results from the five TKN analyses performed on fish liquid
fractions were very close. Fish liquid ammonium data likewise agreed
very well. These data yielded a calculated mean fish liquid protein
content of 6.25X on a wet weight basis.

Moisture

The results of moisture determinations for fish solid fractions are
presented in Table 2:

Table 2. Moisture.

Mean, X Standard DeviationRange, X

59.0 � 61.9 60.17Fish Solids 1. 53

Total Or anic Carbon

The results of Total Organic Carbon  TOC! determinations for fish
solid and fish liquid samples are presented in Table 3:

Table 3. Total Organic Carbon.

Range, mg/g Mean, mg/g Standard Deviation

Fish Solids 118 � 149 134 21.9

27 � 35 5,7Fish Liquid 31

The TOC data for fish solids and fish liquid samples exhibited much
less variability than did the corresponding TKN values. TOC may be
extrapolated to represent the total amount of organic material present by
the formula: Total organic material =  TOC x 2!

Therefore, fish solid and fish liquid samples contained calculated
mean organic contents of 26.8X and 6.2X, respectively. Noting the close
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Table 1 lists fish solid mean protein concentration as 15.69X on a
wet weight basis. That figure translates to a mean of 39.4X on a dry
weight basis. Actual dry-weight protein contents would have been
greater, but one poor TKN data point caused the mean percent protein of
all other fish solid samples to be lowered from 18 ' 6X on a wet weight
basis and from 46.8X on a dry weight basis.



agreement between percent protein and percent organic matter contained in
fish liquid samples, it appears that almost all of the organic matter in
the fish liquid was composed of soluble proteinaceous materials.

Chemical Ox en Demand

The results of Chemical Oxygen Demand  COD! analyses for fish solid
and fish liquid samples are presented in Table 4:

Table 4. Chemical Oxygen Demand.

Range, mg/g Mean, mg/g Standard Deviation

468439 � 497Fish Solids

Fish Liquid

41.0

3.374.6 � 79.3 77

COD values for fish solid and fish liquid samples were quite
reproducible  note small standard deviations!. Furthermore, the ratio of
mean fish liquid COD to total COD �7 mg/g!/�45 mg/g! .141 was very
nearly equal to the ratio of mean fish liquid TOC to total TOC �1
mg/g!/�65 mg/g! .187. The relative proximity of these two ratios
illustrates that the COD analyses and TOC analyses are mutually
supportive, and indicates a high degree of reliability in both data sets.

Elemental Anal sis
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Elemental analysis indicated that the various products derived from
subjecting mullet carcasses to the Holloway Process are good sources of
nutritive elements which contain low concentrations of toxic minerals.
The results of elemental analysis of fish solid and fish liquid samples
are presented in Appendix Table 1.

Nany of the ranges were variable, probably due to the small number
of analyses performed. However, the values in Appendix Table 1 provide
approximations of elemental concentrations which can be found in fish
solids and fish liquid.

The fish liquid was quite similar in appearance to commercially
available fish emulsion fertilizer. The ratio of Nitrogen to Phosphorus
and Potassium in the commercial fish emulsion is 5:1:1. The ratio of TON
to Phosphorus and Potassium in the mullet fish liquid derived from the
Holloway Process was 20:1:4. This indicates that the fish liquid is a
nutrient-rich product with good potential for further refinement into a
competitive commercial liquid horticultural fertilizer.

Fish emulsion fertilizer is used to a lesser extent as an ingredient
in rations fed to aquacultured larval crustaceans. The nitrogen  or
protein! content is of primary interest in this application. Dietary



protein supplements reduce the degree of cannibalism in larval crustacean
rearing tanks, thereby increasing overal3. production. However, the
concentration of Potassium in the mullet fish Liquid may preclude its use
as an ingredient in larval crustacean diets. Further research would be
necessary to determine its suitability for that application.

The fish solids vere quite similar in appearance to canned cat
foods. The mean Sodium content was 805 mg/1,000 grams, or slightly more
than the Sodium content found in raw mullet flesh �00 mg/1,000 grams!.
The mean Iron content was 486 mg/1,000 grams, which was substantially
more than is normally found in raw mullet flesh �7 mg/1,000 grams!.
The authors believe that the carbon steel wall of the Hollovay Processor
contributed to the elevated level of Iron noted in the mullet fish
solids. The mullet fish solids also contain significant amounts of
dietary Calcium �,303 mg/1,000 grams!. Thus, the types and amounts of
minerals found in the mullet fish solid fraction indicate that it has
good potential for inclusion in canned pet foods.

The ratio of Total Organic Nitrogen to Phosphorus and Potassium in
the mullet fish solids was 18:1:2. Additiona3. drying would yield a
fertilizer � grade meal which would be excellent for lawn � greening
applications. The rather low Phosphorus and Potassium contents vould
also allow the mullet fish solids to be used in catfish feed formulations
as a supplement or replacement for menhaden meal.

The results of fatty acid analyses performed on sub � units of fish
oil recovered from fish liquid samples are presented in Appendix Table 2.
All values totalled 99.88X of the weight of fatty acids present.

The predominant fatty acid found in mullet fish oi3. samples was
17:1, which represented 64 ' 9X of the total fatty acid content. Although
this is basically consistent with prior research on mullet fatty acid
composition  Deng et al, 1976!, the previous study dealt with raw mullet
flesh, and noted that 17:1 fatty acids were present as only 10.7X of the
total fatty acid content. Another study  NMFS, 1987! failed to find 17:1
fatty acids present in concentrations greater than 1X in raw mullet
flesh. They postulated that such a wide variation may have been due to
differences in diets consumed in various geographic locations.

The second most prevalent fatty acid noted in the present study was
15:1, which accounted for 15.6X of the total fatty acid content. Neither
of the prior studies  Deng et al, 1976!  NMFS, 1987! reported the
presence of any 15:1 fatty acids. Several research efforts  Gruger,
1967!  Deng et al, 1976!  NMFS, 1987! indicate that mullet are, uniquely
enough, composed of a large percentage of odd carbon � chained fatty
acids which vary according to maturity, size, sex, and the availability
and nature of the food supply. Thus, extremely variable mullet fatty
acid contents do not appear unusual.

The third fatty acid found in oil extracted from the mullet fish
Liquid was 16:1, which accounted for 6.8X of the total fatty acid
content. One prior study  NMFS, 1987! identified 16:1 fatty acids as the
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second most prevalent in mullet, with 16:1 contents ranging between 4.1X
and 18.0X of the total fatty acid content. The percentage of 16:1 fatty
acids noted in the present study falls within the range noted in the
prior study, although its degree of importance is reduced somewhat.

CONCLUSIONS

Based on the results of the research presented in this report, the
authors offer the following conclusions:

The energy costs for digesting mullet carcasses in the Holloway
Processor are minimal � cent/lb!.

Screened solids resulting from digestion of mullet carcasses in
the Holloway Processor occupy only half of the volume of the
original mullet carcasses.

The liquid fraction resulting from digestion of mullet carcasses
in the Holloway Processor is equivalent in weight to the weight.
of the original mullet carcasses.

The oil fraction derived from the mullet fish liquid was
recovered at the rate of 0.5X � 1.0X.

The protein and mineral contents of the mullet fish liquid
fraction indicate that it has particularly good potential for
further refinement into a commercial liquid horticultural
fertilizer.

The protein and mineral contents of the mullet fish solid
fraction indicate that it has particularly good potential for
inclusion as an ingredient in canned pet foodds. Additional
drying to a meal would allow its inclusion in various aquaculture
rations.

The oil fraction contained substantial amounts of 17:1, 15:1, and
16:1 fatty acids. Although these predominant fatty acids are not
the same as the predominant mullet fatty acids reported by other
researchers, the natural variability of mullet fatty acid
composition makes it difficult to hypothesize any commercially
viable use for mullet oil.
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Appendix Table 1. Elemental Anaylsis.

Range 26.0 � 45.3 .04 � 3.76
Mean 35.6 1.9
Std Dev 13 ' 6 2.6

ZN

Range .04 � .08 .01 � .35
Mean .06 .18
Std Dev .03 .24

CD

Range 4.58 � 26 ' 4 .08 � 6.87
Mean 15.5 3.48
Std Dev 15.4 4.8

Range .59 � .63 ~ 02 � .14
Mean .61 .08
Std Dev .03 .08

NI

Range 257 � 716 16.4 � 17.].
Mean 486 16. 8
Std Dev 324 0.5

Range .98 - 1.76 .01 - .02
Mean 1.37 .015
Std Dev .55 .001

Range 350 � 539 60.2 � 72.8
Mean 444 66 ' 5
Std Dev 134 F 9

MG

Range 1032 � 1574
Mean 1303
Std Dev 383

CA

Range 2467 � 2476 2153 � 2169
Mean 2472 2161
Std Dev 6.4 11.3
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Range
Mean

Std Dev

Range
Mean

Std Dev

Fish Solids

mg/kg

1229 � 1563

1396

236

650 � 960

805

219

Fish Liquid
mg/1

76. 5 � 165

120.8
62.6

382 � 617

499
166

572 � 823

698
177



WeightXFatty Acid

Antesiso

3 OH

Iso
Iso 2 OH

Iso F
Iso

Anteiso
A
8

2 OH

Iso E
Iso

Anteiso
trans

cis

64.48Iso

cis 10

cyclo
Iso 3 OH

Iso F

trans 11

cyclo
2 OH

.46

.01

.75

.35

.82

.01

.02

99.88Total
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Appendix Table

9:0

10:0

11 0

11 0

12:1

12:0

13:1

13:0

12:1
14:0

13:0

14:1

14:0

15:1

15:0
15:0

15 1
15 1

15:0

14:0
16:1
16:0
16:0
16:1

16:1

16:0

17:1

17:1

17:0
16'0

18:1

18:1

19:0

18:0

2. Mullet Oil Fatty Acids.

.02

.01

.01

.02

.01

.06

.02

.08

.55

.01

.02

.08

1.69

15.48

.09

.03

.05

.04
1.13

.53

6.18

.05

.94

.56

.06

5.26
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Appendix Figure 3. Average Energy and Material Flows.
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QNLZtY QF PKLVIOUSLY FROZEN OYSTERS
REPACKI FOR THE FRESH MARKET.

Cameron R. Hackney, Thomas E. Rippen and Lisa K. Sanders

Virginia Polytechnic Institute and State University
Seafood Agricultural Experiment Station

102 S. King St., P.O. Box 369
Hampton, Virginia 23669

There are advantages to freezing oysters and repacking them for the
fresh market when demand is high. The demand for oysters is seasonal,
with the highest demand occurring during Thanksgiving and Christmas
holidays. The price is of course very high at this time. If oysters are
bought at lower prices during October and early November and frozen, they
can be thawed and repacked to meet the holiday demand.

Prior to 1986, repacking of previousl,y frozen oysters was not
permitted by Part II of the National Shellfish Program's Manual of
Operations  FDA 1986!. The public health explanation given is "If
shellfish are thawed during repacking, high bacterial counts and
accelerated product deterioration may result". However, in reality
freezing usually decreases the number of bacteria in a product. Certain
changes do occur during freezing of oysters. Frozen oysters may darken
during storage and the drained weight is decreased  Desrosier and
Tressler, 1977!. Packaging is an important consideration in the freezing
of oysters. The packaging material must lend itself to freezing and must
be impervious to moisture and oxygen transfer. Of course freezing should
not be used as a means to salvage oysters near the end of their expected
shelf-life. In order to have a good product, the oysters should be
frozen as soon after shucking as possible.

The objective of this research was to compare the quality of
previously frozen oysters to fresh during storage and to determine if it
is preferable to freeze oysters before or after blowing.

Oysters were purchased either fresh or frozen from a local
processor. The oysters were shucked at anyone of several locations and
brought to a central location for freezing. Fresh oysters were obtained
from the same lots as the frozen oysters. They were brought to the
laboratory in one gallon containers, drained, repacked in 12 ounce jars
and used in shelf-life studies. For freezing, one half gallon of the
shucked oysters were drained, and transferred to 3 ml-thick poly bags.
The bags were impermeable to oxygen. Air was squeezed from the bags and
the bags were sealed. The bags were laid flat and the maximum thickness
was less than 3 inches. The bags were frozen at -40 C and were frozen in
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less than two hours. The bags of oysters were allowed to stay overnight
at -40 C and were then shipped frozen to the laboratory, where they were
held at -20 C until thawing and repacking. Lot 1 was stored frozen for
2, 6, and 8 months before testing. Lots 2-5 were held for 1-3 months
before testing.

Shelf-life studies

Fresh oysters were tested at approximately 2 day intervals for 12-13
days for their sensory and microbiological quality. In addition the
samples were analyzed for pH. Raw and cooked samples were subjected to
sensory analysis by a 9 member trained panel. The raw samples were
placed into odorless, clear glass containers and the panelists were asked
to evaluate them for odor, appearance and texture. The cooked samples
were individually wrapped in aluminum foil and steamed for 15 minutes.
The samples were evaluated for odor, appearance, taste and texture. The
panelists used a 9 point scale ranging from excellent 9! to inedible �!.

The aerobic plate counts of the oysters were determined by the
procedures of APHA �984!. The oysters were drained and blended without
liquor and the appropriate dilution was pour plated with plate count agar
and incubated for 4 days at 20 C. The pH of the samples was determined
on the undiluted homogenate.

Frozen oysters were thawed in ice water and the drain weight and
free liquor content vere determined by the procedure of AOAC �!, using
sterile skismers. Samples included oysters that were blown prior to
freezing and non-blown oysters. The oysters that were blown before
freezing were drained two minutes and reweighed. The drained oysters
were packed into 12 ounce jars for shelf-life studies described above.

A portion of each sample
after freezing, and fresh
procedures of the AOAC �980!
Hackney et al. �988!.

of non-blown, blown before freezing, blown
samples was tested for total solids by
and for NaC1 content by the method of

Statistical analysis was done by the method outlined by Snedecor and
Cochran �967!.

RBSULTS AND DISCUSSION

The quality of previously frozen oysters was compared to fresh
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Non-blown oysters were blown prior to repacking. One gallon of
oysters vere added to 35 1 of water in a plastic carboy. The water was
chlorinated to 50 ppm. Air was pumped into the carboy from the bottom.
The oysters were agitated in the blow tank for 10 minutes; then air was
shut off. Fresh water was added and alloved to overflow the tank for an
additional 15 minutes. The wash water was clear before oysters were
removed. The oysters were collected, drained and weighed to determine
weight gain. The oysters were then packed into 12 ounce jars for shelf-
life studies as described above.



oysters over the expected shelf-life of the products. The oysters were
either blown before or after freezing. The non-blown oysters were
significantly  p>0.05! higher in total solids and NaC1 than the blown
oysters  Data not shown!. However, when the non-blown oysters were blown
in the laboratory after freezing, there was no significant difference in
either NaC1 or total solids content. Also, there was no significant
difference between the frozen and fresh oysters  p <0.05X! with respect
to NaC1 and total solids.

The previously frozen oysters were evaluated in eight different
storage trials. Trials one through four were from the same batch of
oysters stored for different periods of time over 10 months. Trials
four through eight were from different batches of oysters processed on
different days. Since there were no differences between trials for the
previously frozen, repacked oysters during storage, the trials were
combined. There was no significant difference  p <0.05'! in the APC of
the previously frozen oysters over storage  Pigure 1!. The mean APC was
significantly  p�.05! higher for the fresh oysters, indicating that
freezing was lethal to some of the bacteria. The initial count of the
oysters that were frozen non-blown and blown in the laboratory after
thawing, was lower. The wash water was chlorinated and this may have
affected the counts.

The initial pH of the frozen oysters was significantly lower than
that of the fresh oysters  Pigure 2!. It is well known that salutes are
concentrated during freezing, which can lower pH. The pH values of the
previously frozen oysters remained about the same throughout storage; and
the pH value of the oysters blown after freezing actually increased
 although not significantly! during storage. This is the opposite
pattern usually observed with oysters and may have been due to acid
producing bacteria being sensitive to freezing andjor chlorine.

The overall sensory scale for raw oysters is a combination of the
odor, appearance and texture scores. The overall sensory score was very
similar, for the fresh and previously frozen oysters  Pigure 3!. The
previously frozen oysters were a little darker, but not significantly so.
The oysters which were frozen non-blown and later blown in the laboratory
were lighter then the oysters blown before freezing. When the oysters
were tested with a calorimeter, using the LAB scale, the laboratory blown
oysters had higher L values and lower 8 values. Unfortunately this test
was only performed during the last two trials and there wasn't enough
data for statistical analysis.

The overall cooked sensory score, which was a combination of the
odor, taste, texture and appearance scores, for the steamed oysters was
also quite similar to the fresh and previously frozen oysters and
differences were not significant  p<0.01!  Pigure 4!. This indicates
that the previously frozen oysters would be acceptable to the consumer.

This work indicates that previously frozen oysters would be an
acceptable product from a microbiological and sensory standpoint. The
quick freezing method used in this study minimized the darkening often
encountered with previously frozen oysters and a gentle blowing in 50-100
ppm chlorine could serve to lighten the color. The shelf-life of the

423



Figure l. Overall mean of the aerobic plate counts for previously
frozen and fresh oysters during storage

Each data point is the mean of 8 replicates
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Figure 2. OveraLl mean of the pH of previously frozen and fresh oysters
during storage

Each data point is the mean of S replicates.
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Figure 3. Overall mean raw sensory score of previously frozen and fresh
oysters during storage a

aEach data point is the mean of 8 replicates.
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Figure 4. Overall mean sensory score of previously frozen and fresh
 cooked! oystersa.

aEach data point is the mean of 8 replicates.



previously frozen oysters was similar to that of fresh oysters. It is,
of course, important that only fresh product be frozen for later
repacking.

The issue of labeling was not addressed by this investigator. The
FDA Compliance Guide 7120.06 does define a fresh product and
interpretation of this guideline may require that oysters that were
previously frozen and later repacked for the fresh market be so labeled.
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GR%% IRRADIATION OF VIBRIO �K!LERM" IN CRAYFISH  POOCAI!!fBARUS CLARKZI
GERS!RD!

Ro!bert N. Grodner and Arthur Hintan, Jr.
Department of Focd Science

Louisiana State University Experiment Station
Lauisiana State University Agricultural Center

Baton Rouge, Zauisiana 70803

INTRCGUCTION

Altlxmgh freshwater crayfish may be found in every state in the
United States, Lauisiana graws, pnxx.sses, and consums 90% of all
crayfish produced for human cnnemptian �! . Today the demand for
crayfish in Louisiana and the surrounding Sauthern states is increasing
�!. Most ccimnercially processed crayfish is marketed as hand peeled
tailmeat �! . The taiImeat may be frozen, but it is usually stored at
law temperatures abave freezing. 'tfhen the crayfish meat is properly
hamQe4, it has a shelf life of apprcncimately ane week �! .

The refrigerated shelf life of nest seafaods can be increased by
using pasteurizing levels of irradiation . Dosm of 100 to 1000 krad
destroy 90 to 99% of spoilage organisms present �!. A langer shelf
life would rmm that fresh crayfish could be stored for langer periods
of tine and marjceted at greater distances fran its source.

Crayfish are ~nmted fran rivers, bayous, m!!amps, lakes or
shallow ponds built especially for crayfish prcducCian �! . I f the
water fran which the crayfish is taken is contaminated, there is a
chance that the crayfish neat may harbor pathogens. Crabs taken frcm
contaminated waters were responsible for 11 Vibrio cholerae infecticcs
in looisiana in 1978 !. Microorganisms o~fecal orrgrn have
isolated frcl! crayfish waters, whole crayfish, and crayfish taiJzmat

�!- The purpose of this study was to determine the ef facts of
pasteurizatian levels of irradiation and cold storage on the survival of
V. cholerae in nansterile and sterile crayfish banc!genates.

HM'.ERIiU!S AND NETHCGS

Crayfish tailmeat hanogenate was prepared by blending 3 parts fresh
crayfish meat with ane part sterile saline to form a sncoth paste.
haregenate was then inoculated to produce a final canamtratic!n of 10
Vibrio cholerae 01/g !biotype altar, sercvar Znaba, looisiana Strain
85875! . the sterile crayfish seat hcmcgenate was pre!mred in the sana
manner, except the crayfish ruat was sterilized at 121 C for 15 minutes
before blending. The inoculated samples were placed in 250 ml Nalqene
bottles, packed in ice and transferred to the L.S.U. Nuclear Science
Center.
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Irradiatian of the samples was performed by placing the Nalgene
bottles cantaining the samples in a watertight chamber filled with ice
and sealed. The chamber was then lowered into the 18 ft deep and 6 ft
diarteter lead lined pit which was filled with water. pravidL'Ilg the
effective radiation shield. The Colbalt-60 saurce dose rate was 1650
rad per minute. The samples were exposed to 25, 50 and 100 Krad based
on the number of rads emitted per minute as a function of tilre to attaL'n
the desired dosage. The samples were then rmmecl, packed in ice ard
transferred to the Food Science Department for analysis and examined for
the presence of Vibrio cholerae at 0, 7, 14 and 21 days after cold
storage at -8, 0 or 4 C. Control samples were treated in the same
manner, except that the irradiation treatments were emitted. The number
of V. cholerae surviving was calculated by deterlnining the average
neer of V. cholerae recavered fran triplicate samples subjected to the
88HK irradLatLan treatment aIld cold storage

Becasezy nmthodology far V. cholerae an crayfish neat hcncgenates
inclndsd zez7nery frtsn a 8 8 hr alkaline peptane water  APN! enrichment
and isolation thiosulfat~itrate-bile salts-slime  TCBS! and gelatin
agar. After incubation at 35 C, suspect V. cholerae colonies grawing an

iran agar  IUA! and lysine iran agar  LIA!, and serologically with
Polyvalent and Inaba Vibrio cholerae 01 antiserlm.

After irradiatian the samples were stared. at 4, 0, or -8 C for 21
days. The nuInber of V. cholerae surviving the irradiation treatment and
the cold storage were enumerated at 0, 7, 14 and 21 days respectively
�! ~

IrraI3iatian of V. cholerae in sterile and nonsterile samples were
performed in triplicate.

RESETS AM! DISCUSSION

Effect of irradiation. In the nansterile hcmogenate each 25 krad
dose of Lrra&atLan produced a 1 to 3 log reductian in the number of V.
cholerae/g m~averlsd  Figure 1! . The nonsterile unirradiated
hcaegenates' initial V. cholerae population of 4.g x 10 /g was reduced
to l. 66 x 10 /g by 25 krad. Only 8. 01 x 10 V. cholerae/g were
recovered frcm the hcmegenates treated with 50 kraS. No V. cholerae
were recaverad fran the nonsterile hcmo8penates treated with 100 krad.

In the sterile hanoyenates, V. cholerae seined naze susceptible
to the irradiation than in the nonsterile hcxnogenates. There were
3. 67 x 10 V. cholerae/g recavered fxpn the hmvgenates which were
not irradiated, but only 4. 4 x 10 /g were recovered fran the
hmegenates treated with 25 krad. No V. cholerae were recovered fran
the hcaeymates treated with 50 or 100 krad.
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Figure l. Effect of low dose gamma radiation on Vibrio cholerae
f5875 in crayfish homogenates. MPN values are averages
of 3 replications.
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Figure 2. Survival of Vibrio cholerae 85875 in unirradiated
and irradiated unsterile crayfish homogenates stored
at 4C. MPN values are averages of 3 rep3 ications.



Effect of time. Vibrio cholerae were not able to survive for 21
days m the nonsterile hanogenates stored at 4 C  Figure 2! . The
organian was able to survive for 14 days in the nonsterile hanogenates
treated with 0, 25, or 50 krad. After 14 days there was a large
decrease in the V. cholerae population.

Qn day 0, 4. 3 x 10 V. cholerae/g were recovered fr<an the6

unirradiated nonsterile hanogenates, and an day 14, 5. 6 x 10 were
recovered. No V. cholerae were recovered fran the unirradiated
nonsterile samples co~day 1. The number of V. cholerae recovered fran
thy nansterile hcmogenates Peated with 25 krad decreased fran 1.66 x
10 /g on day 0 to 3.87 x 10 /g on day 14 before decreasing to 0 on day
21. The nansterile hanogenates treated with 50 krad showed results
similar to those obtained with the hmegenates treated with 0 krad or 25
krad. Though there was a decline in the V. cholerae papulatian an day
7, appraximately 8. 0 x 10 V. cholerae/g were isolated f rem the
hcxegenates an day 0 and an day 2l.~i~cholerae were re1mvered fran
the hmegenates an day 21.

After 21 days there was anly a slight debase in the V. cholerae
papulation of the sterile crayfish hceegenates treated with 0 krad or 25
krad md stored at 4 C  Figure 3!. On day 0, 3.63 x 10 V. cholerae/g
weze recqmazed fran the unirzadiated sterile hcsmgenates. Here were
6.0 x 10' V. cholerae/g recovered an day 7. The populatian of the
cholera organisms ~lined to 3.13 x 10 /g on day 14 and declined
further to 9.11 x 10 /g an day 21.

The survival pattern of the organism in the sterile hanogenate
treated with 25 krad was similar to the survival of the arganism in the
sterile unirradiated hem~enate. The V. cholerae populatian numbered
4.4 x 10 /g on day 0 and 1.33 x 10 V. thol~eras g were zwcom zed cn day
21.

Vibrio cholerae were able to survive for 21 days in the nansterile
hamgenates stored at 0 C  figure 4!. In the hanogenates treated with 0
krad ar 25 krad the V. cholerae papulatian dec~mK apprgximately 1 log
cycle aver the 21 day storage period. There were 4.3 x 10 V, cholerae/g
recovered pan the ncmstezile unirradiated hamgenates on dray, and
6.25 x 10 /g were r4mmered on day 21. The number of V. cholerae
reccwered fran tip nonsterile hamgenates treat@8 with 25 krad M~easeZ
fran 1 ~ 66 x 10 /g on day 0 to 4. 86 x 10 /g on day 21. In the
hmegenates treated with 50 krad and V. cholerae population decreased
fran 8.01 x 10 /g an day 0 to 5.0 x 10 /g on day 21.

'?he V. cholerae also appeared to survive well in the sterile
crayfish ~enate stored at 0 C  Figure 5! . The initial population of
3.� X 10 /g in the unirradiated hamgenate deer~ slightly to 1.16 x
10 /g after 21 days of storage. The V. cholerae poqplation of the
hcaegenate treated with 25 krad decrease frcxn 4.40 x 10 /g on day 0 to
1.33 x 10 /g on day 7. On day 14, 3.0 x 10 V. cholerae/g were
recovered, and 2.67 x 10 V. cholerae/g were recaverec  on~ay .?l.
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Figure 3. Survival of Vibrio cholerae 85875 in unirradiated
and irradiated sterile crayfish homogenates stored
at 4C. 8PN values are averages of 3 replications.
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Figure 4. Survival of Vibrio cholerae f5875 in unirradiated
and irradiated unsterile crayfish homogenates stored
at OC- M'N values are averages of 3 replications.
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Figure 5. Survival of Vibrio cholerae 05875 in unirradiated
and irradiated sterile crayfish homogenates stored
at OC. MPN values are averages of 3 replications.
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'Ihere were relatively small changes in the V. cholerae population
of the nonsterile $cmxyenates stored at -8 C for 21 days  Figure 6! . On
day 21, 1.14 x 10 V. cholerae/g were recovergd frcm the unirradiated
nansterile hcxnogenates which contain 4.3 x 10 V. cholerae/g on day 0.
The number of V. cholerae reccpered fxan the hcamgenatgs treated with 25
krad deczeased fr~a. x 10 /g~ day 0 to 9.2 x 10 /g on day 21. On
day 0, there were 8.01 x 10 V. cholerae/g recovered fram the
havcvganates treated with 50 krad, and~8. 5 x 10 V. cholerae/g were
recovered on day 21.

There was a decline in the number of V. cholerae recovered frcxn the
sterile hcaegenates stored at -8 C for 21 days  Figure 7! . The V.

0 s
chal ae population of the unirr~ted hanogenates decreased frcm 3.63
x 10 g on day 0 to only 8.5 x 10 /g an day 21. On day 0, although 4.4
x 10 V. cholerae/g were recovered frcm the sterile hcaepenates treated
with 2E krone V. cholerae were recovered fran these hzazvlenates after
14 or 21 days of storage.

Effect of t atuze T.he survival of V. cholerae in unizradiated
and irradiated sterzle haex9enatse stoned at 4 or 0 C was very similar.
The organism was able to survive for 21 days in the sterile hanogenates
stared at both temperatures. In sare cases there were slight increases
and decvMUnes in the V. cholerae pop,Qation, but the number of orcynisms
recovered during storage never varied nore than 1 log cycle fran the
number of organisms recovered on day 0.

The arganism did not survive as well as in the sterile halogenate
stored at -8 C. The number of V. cholerae recavered fran the frozen
hmegenates declined by over 3 log cycles dur~ storage at -8 C. The
hmngenates treated with 25 krad contained 4.4 x 10 V. cholerae/g on

ar 21.

~ ~ ~ ~

Up to day 14, there was anly a slight difference in the number of
V. lerae reared fran the nanSterile hmegenateS StOred at 4, 0,
or � C. Usually the number of arganians recovered fran the naneterile
hanogenates stored at the different temperatures differed by less than 1
log cycle.

On day 21, no V. cholerae were recovered fzcm the nonsterile
hasxlenates stored at 4 C, hut the om2anism was recovered frcm the
hanogenates stored at 0 or -8 C. The possible reasan for this is
discussed below.

Survival in nonsteri1e and sterile tes. In fresh crayfish
neat Shcroccccus, St ococcus, ~cane are the predavinant
genera of microorganisms present �! . After eight days of storage at
0 C, Pseudmemas becomes the daninnnt genera, but after eight days at
5 C Achranobacter beccmes the daninant genera. At the end of the

groups accost for almost 100% of the microbial population.
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Figure 6. Survival of Vibrio cholerae 45875 in unirradiated
and irradiated unsterile crayfish homogenates stored
at -8C. MPN values are averages of 3 replications.
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Figure 7. Survival of Vibrio cholerae 85875 in unirradiated
and irradiated sterile crayfish homogenates stored
at -8C, NPN values are averages of 3 replications.
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In the sterile hmmyeaates the natural microbial flora and the
naturally ocrurring enzyme of the crayfish meat had been destroyed.
The V. cholerae placed in the nonsterile crayfish meat had to canpete
with the crayfish's natural microflora to survive. Fresh crayfish meat
has a total aerobic plate count  TPC! CF 1.6 X 10 organisms/g. After
24 days of storage at 0 C, the TPC increases to 3.2 x 10 $g, and after
24 days of storage at 5 C the TPC increases to 2.8 X 10 organisms/g
�! .

In the unirradiated sterile and nonsterile homogenates stored at
4 C and the survi~ pattern of V. cholerae was similar up to day 14.
Qn day 21, 9.11 x 10 V. choleraegg were recovered frcm the unirradiated
sterile hcxnogenates, but no V. cholerae were recmrered from the
unirradiated nonsterile hamcjenates. Si~mar results were seen in the
sterile and nonsterile ham~nates treated with 25 krad. At 4 C, the
p@tchrotro~c micnmrganisms in the crayfish's natural microflora were
able to grow. This cxxapetitive inhibition was probably responsible for
the decline in the nuaher of V. cholerae recovered fran the hanogenates.

Vibrio cholerae ~ able to survive for 21 days in nonsterile
hanogenates stored at 0 or -8 C. The lower temperatures retarded the
gnash of the psy~trophs which outgrew the V. cholerae at 4 C.

'%bere was a large difference in the survival of V. cholerae in the
sterile and nonsterile haa~enates stored at -8 C. The V. cholerae
populaticn of the ncesterile hanogenates remained relatively staETe
during the 21 days of storage. The proteins of the sterile hcaogenates
had been denatured by the sterilization treatment. Native proteins are

because they have a greater effect on the rate of crystallization in the
food �! . Native proteins bind nore water malecules and red' the rate
of crystallization. Less dehydraticn of the bacterial cells is produced
and the microorganisms can survive longer in the food.

These results indicate that V. cholerae can survive for sane tire
in crayfish tissues stored at low taaperatures. Pasteurization doses or
irradiation may be successfully used to destroy this pathogen in
crayfish.
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A STATISTICAL REVIEV OF THE INTERSTATE SHELLFISH
SANITATION CONFERENCE'S

SAXPLIN ' PROTOCOL FOR SATISFACTORY SHIPPING CONDITIONS

Alvin P. Rainosek
NOAA, National Marine Fisheries Service,
National Seafood Inspection Laboratory,

P. 0. Drawer 12K, Pascagoula, XS 3%68-1297

INTRODUCTION

At the 1986 Annual Meeting of the Interstate ~hellfish ='an"-.atio-:..
Conference  ISSC!, a sampling protocol for the microbiological analysis
<Fecal Coliform, E. Coli and Aerobic Plate count> and acceptance of
shellfish shipments was adoyted. This protocol appears in Appendix A of
the National Shellfish Sanitation Program  NSSP> Revised Xanual � Part II
<effective January, 1988!. Prior to mandatory implementation, however,
the ISSC at its 1987 Annual Meeting decided to refer the protocol to a
subcommittee for additional study of its oyerational feasibility and
statistical reliability. This subcommittee will report it findings at
the 1988 ISSC Annual Xeeting.

When evaluating any sampling yrotocol, several ma!or issues should
be addressed. One, is the sampling protocol feasible, practical, cost
effective, etc' This is primarily a managerial/administrative decision
and is not considered in this payer. Also not considered is the
definition of a lot, what constitutes a laboratory samyle <e.g., how many
oysters make up a sample!, and how will the samples be selected from a
lot'? Vhat is presented, however, is a statistical review of the
discriminatory power <performance/operating characteristics! of this
multi-phase, multi-stage samyling protocol. That is, how well will this
protocol identify shipments of varying microbial quality~ Such
information should be available and understood as part of the decision
making process regarding the acceptability of the protocol for the
intended puryose. The initial draft of this paper has been reviewed by
FDA staff in the Division of Microbiology, the Shellfish Sanitation
Branch, and the Division of Mathematics.

This statistical review is provided for the first and second
shipment conditions as outlined in Appendix A of the NSSP Revised Manual
Part II. Probabilities were calculated by using either the binomial or
the trinomial probability distributions under the following two
assumptions: �! the number of samples analyzed is less than 1M of all
yossible samples within an entire lot, and <2! the test results for
E, coli and Aerobic Plate Count are independent. Derivations of all
probabilities presented are available upon request,
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FIRST SHIPNEXT SANPLIXG � FECAL COLIFORN  FC! A3'D E. Cali  EC!

~Ste 1 � Analyze 2 randos sasnlss of shellstoch or shuchel Orcduc-'.
for K. Decision rule � If one or both samples exceed 23$ NPN FC,::o to
Step 2  EC!; otherwise, the lot is considered satisfactory.

Ste 2 � Far those samples in Step 1 exceeding 239 XPK FC. analyze
for E . Decision rule � If one or both samples exceed 238 NPZ C, notify
he dealer, etc., and. go to Second Shipment Sampling; othe~iso, '.h

is considered satisfactory,

For Steps 1 and 2 combined  i.e., FC then EC!, what is the chance
! «111 1 d~tf

all possible samples in the lot that exceed 238 MPK EC~

Let p = the actual percent of all possible samples in
the lot that exceed. 23$ NPI EC

P<EC! = the probability <in percent! that the lot will
be found satisfactory for EC

p P<EC! 2 P<EC! P<EC!

~Et ~lt tl . 1 Et Eh 1 1 1«1 I E
and when 30% of all possible samples in the lot have EC levels exceeding
11 111, 92h 11 h tl 1 1 ill h 1 t 1

The above table can also be used to determine the Likelihood that FC
screeni will r uire testi for EC. For example, suppose that 3$% of
all possible samples in the shipment <lot! exceed 238 NPN FC, then there
is a 49% chance that none of the two samples wiLl require testing for EC
 or a 51% chance that at least one of the two samples will require
testing for EC!.

For First Shipment Sampling, it may be of interest to have P EC!
values for different sample sizes <i.e., 1, 3, etc!, For selected
sample sizes, this information is presented in Appendix l.

FIRST SHIPNEKT SANPLIEG � AEROBIC PLATE COUNT  APC!

Analyze the two samples selected in Step l above for APC. Decision
ruLe � If one or both samples exceed 5$8,8$8/g APC, notify shipper state
for investigative and corrective action,
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0 188.$ 35 42.2
5 98,2 4$ 36,$

10 81.8 45 30.2
15 72.2 5$ 25.$
2$ 64.8 55 28.2
25 56,2 68 16.$

I 38 49.8 65 12.2

78 9.$
75 6.2
8$ 4.8
85 2.2
98 l.$
95 8.2
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What is the chance that the lot will be found satisfactory for APC
assuming various percentages of samples in the entire lot that ac.ually
exceed 508,808/g APC?

q = the actual percent of all possible samples in
the lot having APC levels exceeding 580,888/g

Let

P<APC! = the probability  in percent! that the lot will
be found satisfactory for APC

The P<EC! probabilities given on page 2 apply to APC as well.
That is, when q = p, then P<APC! = P<EC>. For example, when
q = 3N, the probability that the lot will be found satisfactory for
APC is 49.8%.

FIRST SHIPMENT SAXPLIXG � CHANCE OF LOT ACCEPTANCE
COB'SIMRII'G BOTH EC AID APC

What is the probability when considering both tests <FC/EC and
APC!, that the lot will be found satisfactory assuming various values of
p and q? This will occur when neither EC nor APC  nor bath> exceed their
tolerances. The probabilities <rounded to whole percentages! that the
lot will be found. satisfactory when considering the results of both the
EC and APC tests for various values of p and q are given below  again,
p = the actual percent of all possible samples in the lot exceeding 238
NPX EC and. q = the actual percent of all possible samples in the lot
exceeding 588,800/g APC>:

1Exam le Inter retation: Vhen p = 2K <i,e., 2M of all possible
samples in the lot have EC levels exceeding 238 NPZ! and when g = 1%
 i.e., 1% of all possible samples in the lot have APC levels exceeding
588,888/g!, there is a 52'L chance that the lot will be found satisfactory
for both EC and APC. Gr, there is a 48K chance that either the EC teat
or the APC teat  or both> will exceed their toierances,
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p
8 180 81

10 81 66
20 64 I 52
30 49 40
40 36 29
50 25 20
60 16 13
78 9 7
88 4 3
98 1 1

188 8 8

28
64
52
41
31
23
16

10 6 3 1
8

38 48 58 60
49 36 25 16
40 29 20 13
31 23 16 10
24 18 12 8
18 13 9 6
12 9 6 4

8 6 4 3
4 3 2
2 1 1 1
1 8 8 8
8 0 8 8

78 88 98 180
9 4 1 8
7 3 1 0
6 3 1 8
4 2 1 8
3 1 8 8
2 1 8 8
1 1 8 8
1 0 8 8
8 8 8 8
8 8 8 8
8 8 8 8



SECOND SHIPMENT' SAXPI,IXG � FC AK BC

~Ste 1 � Analyze 5 randon sasples of shellstock or enacted prodoc.
for FC. I!ecision rule � If any sample exceeds 338 XPI FC or 2 or more
samples exceed 238 MPN FC but are less than or equal to 338 MPH FC, :o ;:=
Step 2  EC!; otherwise, the lot is considered satisfactory. ."oat:
sampling plan represents a 3-Class plan where n = 5, c = 1, m = 2:8, and
X = 338.

Ste 2 � For those samples in Step 1 exceeding 238 XPN FC, analy=e
for B . ecision rule � If any sample exceeds 338 XPX BG or 2 or more
samples exceed 238 XPB BC but are less than or equal to 338 XPZ BC,
initiate action as indicated in Appendix A of the NSSP Revised Xanual
Part II; otherwise, the lot is found satisfactory. Mote: Same 3-Class
sampling plan as in Step 1 above.

For Steps 1 and 2 combined  FC then BC!, what is the chance that
the lot will be found satisfactory for BC'?

Let p< = the actual percent of all possible samples in the lot
having EC MPX levels greater than 238 but less than or
equal to 338

p> = the actual percent of all possible samples in the lot
having BC leve].s exceeding 338 MPB

P EC! = the probability  in percent> that the lot will be found
satisfactory for EC

The P BC! probabilities assuming various values of p and. p are given
in the following table.

p
2

38 35 4815 28 255 18
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2 8 188
5 98

18 92
15 84
28 74
25 63
38 53
35 43
48 34
45 26
58 19

7V 59
75 57
78 53
63 4V
55 41
47 I 34
38 27
38 21
23 16
1'7 11
12 7

44 33 24
43 32 23
48 29 28
35 25 17
29 21 14
24 16 11
19 12 8
14 9 5
18 6 3

7 4 2
4 2 1

17 12 8
16 11 7
14 18 6
12 8 5

9 6 4
7 4 2
5 3 1
3 2
2 1



nizam le Inter retation. For Second Shipment Sampling  PC then iC!
and when p = 25Z  i.e., 25Z of all possible samples in the lot have iC
XPN levels greater than 238 but less than or equal to 338!, and when
p2 = 18Z  i.e., 18Z of all possible samples in the lot have EC XPX
levels exceeding 338!, there is then a 34Z chance that the lot will be
found satisfactory for iC.

SZCOND SHIHENT SAXPLING � AFC ANALYSIS

knalyxe the 5 random samples for APC. Decision rule � Ii any sharpie
exceeds 1,588,888/g or if 3 or more samples exceed 588,888/g but are ;e =-
than or equal to 1,588,888/g, notify the shipper state for investigative
and corrective action. Note: This sampling plan represents a 3-Class
plan where n = 5, c = 2, m = 588,88/g, and I = 1,588.888/g

Vhat is the chance that the lot will be found satisfactory for APC?

Let q> = the actual percent of all possible samples in the lo.
having APC levels greater than 588,808/g but less than
or equal to 1,580,000/g

q2 = the actual percent of all possible samples in the lot
having APC levels exceeding 1,500,888/g

P<APC! = the probability  in percent! that the lot will be found
satisfactory for APC

The probabilities <in percent! that the lot will be found satisfactory
for APC for various values of q and q are given in the following table:

15 28 38 35 48

Eixam le Inter retation: Por Second Shipment Sampling  APC! and
when q = 25Z ii.e., 25Z of all possible samples in the lot have APC
levels exceeding 588,888/g but are less than or equal to 1,588,888/g!,
and when q2 = 18Z <i.e., 18Z of all possible samples in the lot have APC
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Ri 8 5 10

8 188 77 59
5 99 77 59

18 99 77 58
15 97 75 57
28 94 72 54
25 98 68 I 51
38 84 63 47
35 76 57 41
48 68 58 35
45 59 42 29
58 58 35 23

44 33
44 33
44 32
43 31
48 29
37 27
34 24
29 28
25 16
28 12
15 9

24
24
23
22
21
19
16
13
18

5

17 12 8
17 12 8
16 11 7
16 11 7
14 18 6
13 8 5
11 7 4

8 5 3
6 3 2
4 . 2 1
2 1



levels exceeding 1,588,888/g!, there is a 514 chance that the 'ot wil; b-
fouad satisfactory for APC.

SECOND SHIPNBXT SAXPLIKG - CHAKE OF LOT ACCBPTAKE
COXSIDBRIIG BOTH K AK APC

Vhat is the probability when considering both tests  FC/EC
and APC!, that the lot will be found satisfactory assuming various
values of p>, p2, q~ and q2 , This will occur when neither EC nor APC
 nor both! exceed their tolerances. These probabilities can be easily
determined by multiplying the second shipmeat P K! and P APC!
probabilities given above, Two examples follow;

piggy~: Let pr = 154, p2 = 2N, ~ = 1W, and q = 15K. Then
the chance that the lot will be found satisfactory when considering both
the EC aad kPC test results is given by  8.25! 8.44! = 11%.

t . Ith h I 1 h= 5 I I ht
samples exceeding 238 MPX BC but less than or equal to 338 XPI K,
p2= 2K of all possible samples exceeding 338 %PI K, q = 1N of all
possible samples exceeding 588,888/g APC but less than or equal to
1,588,888/g kK, aad q2= 15K of all possible samples exceeding
1,588,888/g APC, there is aa 11% chance that the lot will be fouad
satisfactory for both EC and APC.

Por reference purposes, when considering the twc tests ~se ratel
<1! for pj = 15% and p2 = 2N, there is a 25'L chaace that the lot will be
found satisfactory for EC, and, �! for q = 1W and q = 15%, there is a
44'4 chance that the lot will be found satisfactory for APC. Vhen
considering the two tests ~to ether, the separate probabilities are
multiplied; thus,  .25!<.44! = 11%.

Exam le 2: Let @ = 1N, p2 = 5%, q = 15%, aad q2 = 1%, Then the
chance t at the lot will be found satisfactor7 when considerins bath the
EC and kPC test results is given by  8.78! 8.57! = 4K .

Vhen considering the two tests separately: �! For p> = 1M aad
p2 = 5'L, there is a 7Ã chance that the lot will be found satisfactory,
and �! for q> = 15% and q2 = 1W, there is a 575 chance that the lot
will be found satisfactory,

FIRST AR! SBCOID SHIPMBIIT SAXPLING COMBINED � BC

Suppose First Shipment Sampling  two samples analyzed! is to be
applied to a certain shipmeat. Vhat is the probability, denoted by
P <both!, that both this shi ent as well as the next shi meat from the
same shipper  Second Shipmeat Sampling � five samples analyzed! will be

t C. 5:5 h I C
initiating SSRA action as aoted in Appendix A of the 1ISSP Revised Manual
Part II.
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For various values of p  the actual percent of all possible samples
in the lot having EC exceeding 238 XPR under First Shipment Sampling!,
and for Second Shipment Sampling, ~  the actual percent oi all possible
samyles in the lot exceeding 238 MPR EC but less than or equal to 338 MPR
EC! and p2 <the actual percent of all possible samples in the lot
exceeding 338 MPR EC!; P both! can be determined by using the First
Shipment P<EC! and Second Shipment P EC! probabilities given above, .&wo
examples follow:

Example 1: Let p = 5N, p~= 3M, and p2 = 2W', then
P<both! = �-8.25!�-8.12! = 66'X. Rote: This calculation assumes that the
two shipments from the same shipper are independent.

III ttl .'tf 6 fl dt h =5 f ll
samples exceediag 238 MPR EC, aad the second shipment has p = 38% of all
possible samples exceeding 238 XPR EC but less thaa or equa  te 338 MPR
EC and y2 = 2Ã of all possible samples exceeding 338 XPR EC, then there

6 6 h hhtth t lll 6 f 6 I f 55.

jjxam~~le: Let y = 2N, p> = 15%, and p2 = 1', then
P<both! = �-8.64!�-8.4'P! = 19%.

litt t: If 6 ll t 5 I = 6th f ll f
samples exceeding 238 XPR EC, and the second shipment has yi = 15% of all
possible sample exceeding 238 MPR BC but less than or equal to 338 MPR EC

- and p2 = 1Ã of all possible samples exceeding 338 MPR EC, then there is
a 19% chance that both shi ents will be found unsatisfacto for EC.

SECORI! SHIPMERT SAXPLIRG - URSATISFACTORY CORDITIORS OF SHIPMENT

SSRA notifies shipper and state of origin by telephone. For product
on hand and aypears satisfactory, apyly the same sampling plans used for
~ft &ltd f hl t. 5, ll Ih hh
probabilities given above for satisfactory conditions of shipmeat apply
to this case as well,

CORCLUSIOR

Amoag the several issues that should be considered when adoyting a
samyling plaa for ayylication in practice is its statistical
reliability, The performance/operating characteristics of the ISSC's
sampling protocol for satisfactory shiyping conditions presented in this
paper should enable responsible authority to judge the statistical
acceptability of this protocol for the iatended purpose.
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APPHDIX 1

For first shipment sampling, the probabilities that a shipment will
be found satisfactory for E. cali <EC! using samples sizes of 1, 2, 3, 4
and 5 are given below.

bet p = the actual percent of all possible samples in the lot
having EC levels exceed,ing 238 llPX

n = the number of random samples <sample size! of shellstoc~
or shucked product selected from the lot and analyzed

P<EC! = the probability <in percent! that the lot will be found
satisfactory for EC  i.e., none of the n samples will
exceed 230 MPR EC!

n=5

P EC!

n=2
P EC!

'n=3

P EC!
n=4

P EC!

n=1
P EC!
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8 5
18
15
28
25
38
35
48
45
58
55
68
65
78
75
88
85

95
188

188.8
95,8
98.0
85.0
80.8
75.8
70.8
65.0
68.0
55.0
58.8
45.8
48.8
35.8
30.8
25.8
20.8
15.8
18,8

5.8
0,0

100,8
98.2
81,8
72,2
64.0
56 ' 2
49 ' 0
42 ' 2
36.8
30.2
25.8
20.2
16,8
12,2

9 ' 8
6.2
4.8
2.2
1.8
0.2
0.0

180,0
85.7
72,9
61 ' 4
51- ~ 2
42 ' 2
34 ' 3
27.5
21. 6
16.6
12.5
10.8
6 ' 4
4 ' 3
2.7
1,6
8.8
8 ~ 3
0.1
0.1

8.0

188,8
81.5
65.6
52,2
41.8
31.6
24.8
17.9
13.8

9.2
6.2
4.1
2.6
1.5
8,8
8,4
8,2
8.1
8 ~ 1
8.1
8.8

188,8
77,4
59.8
44,4
32.8
23,7
16,8
11,6

7.8
5.8
3.1
1,8
1.8
8.5

8,2
8,1
8,1
8.1

8,1
8.1
8.8



CONTROLLED FRESH WELL-WATER CLOSED SOFT CRAB SHEDDING SYSTEM

Wayne Wescott
UNC Sea Grant College Program, Marine Advisory Service

P.O. Box 699, Manteo, N.C. 27954

The shedding of blue crabs has become a multimillion
dollar industry along the U ~ S ~ East Coast. The North
Carolina industry alone grew more than 700 percent between
1983 and 1986 with landings rising from 87,570 pounds to
596,468 pounds.

Crabbers shed blue crabs in three types of systems
floating, flow-through and closed recirculating.

The oldest method of shedding soft crabs is the
floating shedder --- a floating box that allows water to
flow in and out. It is placed near the shoreline, and crabs
are shed in the box.

Although inexpensive, floating shedders are difficult
to woz'k, dependent on good quality water, and subject to
wave action and temperature fluctuations. Poor water
quality, strong waves and temperature changes can cause
mortalities.

In an onshore flow-through system, shedding boxes are
built on land and water is pumped from a nearby creek or
bay. This is a more expensive system, and it also can be
affected by poor water quality and temperature changes.

Secause the cost of waterfront property is expensive,
its availability is limited and water quality is variable,
crabbers are turning to closed recirculating systems.

Pre

These systems do not control water temperature, require
constant monitoring and need 20 to 30 days start-up time for
bacteria to grow before peelers can be shed. Bacteria are
needed to convert harmful ammonia   from crab wastes! into
harm'less nitrate.
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UNC Sea Grant, working with commercial shedd rs,
developed a temperature-controlled, we LL-water shedding
system. Thas system can be used anywhere suffaceut wali
water is available. It uses cool groundwater and heating
elements to regulate water temperatures between 70 F and 75
F ~

This system requires Little monitoring for ammonia,
nitrate or nitrite. It needs no biologicaL f ilters, protein
8k immer or pre I iminary start-up because we l I wate r is used
to replace water that is continuously drained from the
system. The continuous dilution prevents the buildup of
harmful substances'

TEMPERATURE CONTROLLED FRESHWATER SYSTEM

Figure I iLlustrates a typical closed freshwater
shedder used for an onshore flow-through system. The trays
are lighted for night work. They are plumbed with two
control vaLves and drains per tray, an aerator at each valve
to add oxygen, a rubber hose on each aerator to reduce spray
on the crabs, and a screen on each drain to keep premolt
and soft crabs out.

Water is pumped from a reservoir that is supplied by a
well. PVC pipe, measuring L L/2 inches, supplies the water
from the reservoir to the shedding trays, and a 3-inch PVC
pipe returns it to the reservoir.. A valve is added to the
return line to drain the system if necessary.

The fresh welL-water reservoir reduces the problems of
water quality, oxygen content and water temperature. A
variance in any of these factors can cause crab mortalities.

Other systems have maintained suitable oxygen -levels,
and some have attempted to manage water quality. But none
have successfully managed all three factors.

To maintain water quality, the
allows water to seep into the ground
in the bottom of the reservoir. This

need for nitrifying bacteria.

fresh well-water system
through holes driLled
seepage eliminates the
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Inexpensive test kits can be purchased to monitor water
quality. If problems arise, the water can be diluted or
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completely replaced to eliminate problems. Zt zs not as
important to reuse tne water as it xs to have good wace r for
the crabs ~

Co a I liter

two aerators

MODIFICATIONS

The freshwater recirculating system has several design
modifications. It requires the use of a groundwater welI.
pump to supply the reservoir and a circulating pump Lo
supply the shedding boxes.

Other items needed are a 220-volt power line for the
3000-watt elements, a thermostat to control the elements,
a thermostat to control the well pump, a mercury switch
or water level-control switch to maintain the water level

in the reservoir, a valve to drain the system, an overflow
drain in the reservoir and a filter box.

These modifications help maintain the proper water
quality, oxygen content and temperature to successfully shed
crabs any time peelers are available.

THE FILTER

To build the filter frame  Fig. 2!, use 1-by-10 inch
lumber. The frame i s 45 I/2 inches long, 18 inches wide and
10 inches deep. The freshwater filter is nailed against the
short side of the 4-by-8-by-4 foot plywood reservoir below
the return line from the shedding boxes and about 4 inches
from the top.
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Oxygen is added to the water as it returns
box, as rt passes through the filter box and by
in the supply line of each shedding box.

The water temperature of groundwater ranges
to 65 F. This is too cold for crabs to shed. To

water to the ideal shedding temperature of 72 F,
watt heating elements, like those in a hot water
used. To cool the water temperatures in June, Ju
August, well water is added to the reservoir.

from 55 F

warm the

four 3000�

heater, are
ly and



The bottom is covered with window screen that may be
nailed or stapled to the trame. To provide strength and
support, a layer of crab pot wire is nailed or stapled under
the screen.

the top
L ter

rack

Two layers of insulation are placed in the top of the
frame. A third layer is also cut and used as a spare. Twice
a week the top layer of insulation is removed, replaced by
the spare and cleaned in a washing machine with regular
detergent. The clean layer of insulation becomes the new
spare.

of insulation is also

y ~
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Then two layers of l-inch
conditioning insulation are cut
of the frame. A snug fit should
through the insulation instead
along the edge.

Every two weeks the bottom laye
removed and cleaned the same wa

thick foam rubber air

to fit snugly within
force the water to fi

of passing through a c



HEATING ELEMENT

A homemade heat xng device shown in Figure 3, us ing four
3000-watt elements like those xn a hot water neater, is
inserted underwater in tne reservoir r.

These elements are at tached to 4-by-44-by-6 inch box
steel box. The elements are sealed with waterproof caulking
or by welding. Or crabbers can buy an equivalent heating
element at their local hardware store.

The element is mounted lengthwise in the reservoir
about 2 feet from the bottom. The element should be covered
by water at all times.
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The heating device is activated by a
on a probe near the reservoir bottom. When
temperature reaches 72 F the elements are
thermostat.

thermostat switch
the water

turned off by the



The well pump has a manual switch for start-up and a
thermostat to activate the pump if the water gets too hot,
To prevent the heating elements from burning up, a water
level switch is used to activate the pump if water level in
the reservoir drops because of leakage.

THE RESERVOIR

The reservoir in Figure IV is buiLt of I/2-inch plywood
4 feet wide, 4 feet deep and S feet long. It is buried in
the ground 2 feet to allow gravity drainage from the
shedding tables . The ground also re inforces the box so that
in most cases it does not need to be braced with 2-by-4 inch
boards.
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Six Co eignt 1 1/2-inch holes are drilled in Cne bottom
oi the reservoir to allow leakage into the ground.

The 1 1/2-inch PVC pipe intake is inserced in a 5-inch
perforaLed sewer pipe covered with one ton of rock. The
reservoir should have an overflow drain in case excess fresh
water is added when Cooling, and it should be covered Co
keep out trash.

It should be noted that 110 volts are required Co
operate the pumps and lights. A separate line of 220 volts
is necessary to supply the heating elements.

reservoir shown in Figure IV can store up to 600
of water. That should be enough water for eight to
ing tables. If you' re considering a larger system,

need to make adjustments in the size of the
r ~

HOW THE SYSTEM WORKS

The well pump f ills the reservoir and remains on unt i 1
the desired water level in the reservoir and shedding trays
is achieved. Initially this should take about two hours or
less if your we1,1 has a pumping capacity of 10 gallons of
water per minute or more.

The circulating pump forces water to the shedding
tables. The heating device is activated only after it is
complete ly s ubmerged in wa ter.

Water is pumped from the reservoi
returns through the filter box to the
constantly seeps from the reservoir th
reservoir. The water level switch act
to replace lost water. Groundwater is
good water quality.

If the water temperature falls be
unit automatically warms cool water to
temperature rises above 75 F, the pump
more cool groundwater to bring the tern
cooling operation makes an overflow pi
release of excess water.
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Freshwater systems require at least two pumps, two
thermostats, a water control, mercury switch and heating
units. These devices will increase the electric bill.

Also keep in mind that peeler crabs used in this system
must be captured in waters with saliniLies of 15 ppt or
less. Peeler crabs co11.ected from water with higher
salinities may suffer total mortality unless artificial salt
is added to bring salinity within 15 ppt of the level where
the crabs were caught.

Some people question the stress of fresh water upon
blue crabs, but experience has proven it is not a factor. In
fact, the largest soft crab shedding facility between North
Carolina and Mexico successfully sheds soft crabs in sero
salinity.
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AN ECONOMIC ANALYSIS OF THE 1986 ALABAMA MULLET ROE INDUSTRY

William Hosking, Brian E. Perkins, and Richard K. Wallace
Alabama Sea Grant Extension Service

3940 Government Boulevard
Mobile, AL 36693

and

Hugh A. Swingle
Alabama Department of Conservation and Natural Resources

Marine Resources Division
P.O. Box 189

Dauphin Island, AL 36528

Alabama processors converted 2.05 million lbs of roe mullet into
five products  roe, gizzards, whole male fish, carcasses for human
consumption, and carcasses for bait! valued at $1.75 million, and
employed 140 land-based personnel during the October � November 1986
season. Analyses of domestic and overseas product and value flows are
presented.

INTRODUCTION

The Autumn of 1986 saw many newcomers enter the Alabama mullet roe
industry. The previous year's strong prices  up to 75 cents per/lb of
female roe mullet! provided incentive for additional Gulf Coast fishermen
to direct their efforts toward roe mullet. Consequently, roe mullet
gillnetted from Louisiana through Florida were processed in Alabama.
Several new mullet roe processing facilities also opened their doors
during 1986.

The Alabama Sea Grant Extension Service gathered the following
poundage and value data as part of a larger project conducted in
cooperation with the Alabama Department of Conservation and Natural
Resources, Marine Resources Division. Funds for the overall project were
provided by the National Marine Fisheries Service through the Marine
Fisheries Initiative.
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METHODS

The data presented in this report were collected from five Alabama
mullet roe processors. In some instances, processors provided access to
their purchase and sales receipts. In other cases, processors simply
provided total product volume and value statistics for the various
commodities purchased and sold.

RESULTS

Roe mullet purchased by Alabama processors were caught by fishermen
in four Gulf Coast states. Total poundage and contributions from
individual states are listed in Table I:

Table I. 1986 Sources of Roe Mullet Processed in Alabama.

% of TotalState Pounds

905,263
644,210
463,158

40,000

Louisiana

Alabama

Florida

Mississippi

44.1

31.4

22.5

2.0

2,052,631 100.0
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The number of fishermen responsible for the above production has proven
impossible to ascertain.

Prices paid to fishermen for "95% pure" female roe mullet ranged
from 75 cents/lb to 90 cents/lb. Therefore, roe mullet fishermen were
paid between $1.54 million and $1.85 million during the seven- week
season. Based on an average seasonal price of 82.5 cents/lb, the mean
total price paid to fishermen was $1.69 million.

Although Alabama processors paid for "95 % pure" female roe mullet,
the collected statistics indicate that the previously reported total of
2,052,631 lb was actually composed of 1,650,000 lb of female mullet and
402,631 lbs of male mullet. This translates into 19.6% males and 80.4%
females.

Upon arriving at the processing facilities, the mullet were
separated by sex. The whole  round! male "white roe" mullet were
purchased by Egyptian buyers at an average price of 21 cents/lb. The
402,631 lb of male mullet generated a total gross profit of $84,552 for
Alabama processors during 1986.

The female roe mullet were then split and stripped of roe sacks and
gizzards. Roe sack and gizzard yields averaged 17% and 1%, respectively.
Based on 1.65 million lb of female roe mullet, total roe and gizzard
production was 280,000 lb and 16,500 lb, respectively. All gizzards and



female roe sacks were purchased by Taiwanese buyers. Gizzards vere sold
for an average of $1.60/lb, and yielded a 1986 total gross profit of
$26,500. Female roe prices ranged from $2.40/lb for less-than-2-ounce or
broken roe and up to $7.00/lb for 7-8 ounce roe. The mean sale price for
all sizes of mullet roe was $5.50/lb, and generated a total gross profit
of $1.54 million for Alabama processors during 1986.

The remaining 1,353,500 lb of female roe mullet carcasses were
disposed of by either of two methods. Some of the carcasses �%%u, or
83,500 lb! were of extremely high quality, and were sold to 5 or 6
smaller mullet smoking operations for 25 cents/lb, and yielded the mullet
roe processors a total gross profit of $20,875.  The value added by the
smaller mullet smoking firms could not be ascertained.! However, the
majority of the carcasses  94K or 1.27 million lb! were sold as crab bait
for a mean of 6.25 cents/lb, and generated a total gross profit of
$79,455.

The 1986 Alabama mullet roe production and gross income statistics
are summarized in Table 2:

Table 2. 1986 Alabama Mullet Roe Industry Products, Production, and
Gross Income.

Product Type Total Production, lb Mean Value, $/lb' Gross Income, $

5.50

.21

1.60
.0625

.25

Mullet Roe
Male Mullet

Gizzards

Bait Carcasses
Food Carcasses

280, 000
402,631

16,500
1,270,000

83,500

],,540,000
84,552
26,500
79,455
20,875

2,052,631 1,751,382
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The gross income values are not exactly multiplicative due to rounding of
mean $/lb values.

The five Alabama mullet roe processors employed an approximate total
of 140 land-based personnel. Those personnel were manual laborers who
were paid at or slightly more than minimum wage  $3.35/hour!. The manual
laborers were responsible for loading and unloading refrigerated
transport trucks, splitting mullet, removing roe and gizzards, and
packaging roe and other secondary products for transportation or storage.
The 140 manual laborers were paid a total of $131,320 in wages by the
five processors. That figure translates into $938 per employee, or an
avera'ge processing labor cost of 6.4 cents/lb of roe mullet.

As was previously mentioned, Alabama processors paid a mean total of
$1.69 million for roe mullet during 1986. That price was FOB plant, and
no additional freight costs were borne by the processors on the



Table 3. 1986 Alabama Mullet Roe Industry Production Expenses.

Expense Type Pounds Mean $/lb Expenses Expense, $

1,693,420
131,320

59,280
8,210
7,800

2,052,631
2,052,631

520,000
2,052,631

520,000

Cost of Mullet

Labor Expense
Frozen Storage
Packaging
Transportation

.825

.064

.114

.004

.015

TOTAL 1,900,030
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purchasing end. Likewise, no additional freight costs were paid by the
processors on the selling end. Primary products  female roe sacks and
gizzards! and a portion of the secondary products  whole, round male
mullet! were purchased at the plants by Taiwanese and Egyptian buyers.
Consequently, any additional freight costs were borne by the foreign
buyers.

Several processors sold their byproducts  bait carcasses! to Florida
buyers as the carcasses were produced. The bait carcasses vere purchased
on site, and no additional freight costs were borne by the processors.
The same was true for processors who sold high-quality carcasses to local
mullet smoking operations. The food carcasses were purchased at the
processing plants, and no additional freight charges vere incurred by the
processors.

Several other processors stored their byproducts in a frozen storage
facility in dovntown Mobile. Approximately 520,000 lb of mull t
carcasses had to be transported from the processing plants to the
warehouse in downtown Mobile. Based on an average shipping cost. of $150
per 10,000 lb, a total transportation cost of $7,800 was paid by Alabama
processors.

The 520,000 lb. of mullet carcasses vere held in frozen storage for
various periods of time ranging from 5 � 7 months. Based on an average
charge of 2 cents/lb/month, Alabama processors incurred total frozen
storage expenses of $59,280. That figure translates to an average of
11.4 cents/lb of stored mullet carcasses.

All primary products, secondary products, and byproducts vere
packaged for transportation and storage. The usual packages were poly-
lined 20-kilogram cardboard boxes, although sub-units of female roe sacks
were additionally packed in individual plastic bags and 1-kilogram paper
boxes. Packaging costs averaged .4 cent/lb. Therefore, it cost a total
of $8,210 to package the 2.05 million pounds of mullet products.

The 1986 Alabama mullet roe production expense statistics are
summarized in Table 3:



Appendix Figure 1 provides a schematic representation of 1986
Alabama roe mullet industry product and value flows. The total expense
and total gross income figures calculated in Tables 3 and 2,
respectively, indicate that, based on a mean purchase price of 82.5
cents/lb of roe mullet, the 1986 Alabama roe mullet industry suffered a
$148,648 mean net loss. Given that prices as low as 75 cents/1b and as
high as 90 cents/lb were paid for roe mullet, the overall 1986 Alabama
mullet roe industry economic situation actually could have ranged
anywhere between a $5,299 net profit and a $302,596 net loss.

The $148,648 mean net loss was probably the result of several
processors who profited, several who broke even, and several more
processors who operated at a loss. This presumption is based on several
situations which presented themselves during the October � November 1986
roe mullet season:

Several firms discontinued processing once the price for "95 X
pure" female roe mullet escalated beyond 80 cents/lb.

Several firms, with specific contractual agreements to fulfill,
had to continue processing regardless of exvessel price.

The lang-term frozen storage of mullet carcasses imposed an
additional expense of $67,080, which contributed roughly 45X
toward the overall industry mean net loss.

Some processors felt that their "counts" were off. They
expected a greater percentage of 7 � 8 oz roe  the product of
greatest dollar value! than they actually recovered. Thus,
their total gross profit and average price per lb of roe were
both less than they anticipated.

CONCLUSIONS

Based on the data collected during the course of this project and
presented in this report, the authors offer the following conclusions:

Processors generally paid too much for roe mullet.

Too many male mullet were purchased at female roe mullet
prices.

Exported mullet roe was of smaller size.

Too much expense was incurred for long-terra storage of bait
carcasses.

The mullet roe industry, as a whole, operated at a loss.
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HARVEST AND PRESERVATION OF A SHRIMP BYWATCH:

Yaowen Huang, Paul Christian and Dan Colson
The University of Georgia
Marine Extension Service

P. 0. Box Z

Brunswick, GA 31523

INTRODUCTION

Jellyfish have been highly valued as a salted, dried seafood
cceeedity in the Orient for centuries. In 1985, the world harvest
of jellyfish was 182,662 metric tons. These were primarily caught
from the Indian, Northwest Pacific. and Western Central Pacific
Oceans by countries including Thailand, indonesia, Malaysia, the
Ph i I lippines, and China  FAO, 1987 !. The species caught in these
areas belong to the genus ~gho iiema. Among them. g. escuienta is
the most conmon species for processing  Mayer, 1910' Davidson,
9777

~R � '
years, jel l yf i sh have been gaining importance in the inter-
national markets. especially in Asia  Huang, 1985!. This has Ied
countries not producing jellyfish to begin studying the production
os other species. ~catost ius spp. 97as, therefore. csee in
Australia  Wootten et alee 1982! and Aurelia spp. in India
 Govindon, 1984!.

In U. S ~ waters, there is a non-stinging species of jellyfish

range from the mouth of the Chesapeake Bay to Texas. When abun-
dant, they become a nuisance to shrimp fishermen. This species
has been successfully developed into an edible form'on a pilot
plant scale  Huang, 1986, 1988!. The prototype product was
compared favorably to the existing imported products  Huang,
1987!. In order to completely utilize this resource, the
harvesting method, on-board handling, and preservation of
cannonball jellyfish need to be understood. Objectives of this
study area   1! to determine the harvesting methods using smaller
and larger fishing vessels, on-board handling, and preservation,
and �! to compare the catches of cannonball jellyfish by using
different Turtle Excluder Devices  TEDs!.

MATERIALS AND METHODS

Research was conducted aboard University of Georgia vessels
in two phases. The first phase was conducted in the St. Simons
Sound, Georgia  Study area A!  Figure 1! from May through June
1986 using the R/V UNDERDOG, a 12-m long lobster boat. The
objectives were to study small-scale harvesting, on-board
handling, and preservation.
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Figure l. Hap of Study Areas A and B in the ~aters around
St. Simons Island, Georgia
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A 6~ flat net was used for phase one studies. The net was
constructed from 4.8-cm stretched mesh number 12 nylon webbing for
the wings and body, with number 24 twine for the codend. Standard
wooden trawl doors were used, and measured 0.9 x 0.38 m. Bridle
length was 9.1 m. The net was equipped with three 15.2-cm Spongex
floats on the headrope with standard loop chain spaced every 0.4 m
on the footrope. A 4.8~ tickler chain which was 45.7 cm shorter
than the footrope was also used. The trawling time was 15
minutes.

Phase two was conducted 3 to 5 N miles east of the south
portion of St. Simons Island, Georgia  Study area B!  Figure 1!
from October through December 1986 using the R/V GEORGIA BULLDOG,
a 22~ long coalaerciai shrimp boat. One of the objectives was to
determine the corenercial scale catch and retention of cannonball
jellyfish in nets equipped with Turtle Excluder Devices  TEDs!.

Two identical 18.2-m flat nets were used for these studies.
Each net was constructed from 4.8-cm stretched mesh number 15
twine for the wings and body, with number 36 twine for the codend.
Standard wooden trawl doors were used, and measured 1.0 x 2.4 m.
Bridle length was 75.8 m. Each net was equipped with ten 20 ' 3-cm
Spongex floats on the headrope and mud rollers spaced every 1.1 m
on the footrope. In addition, 64-mn loop chain was used on the
footrope at the center   1.9 m! and wing/corner piece sections
�.8 m!.

The sampling technique was designed to fit the random block
design  Mendenhall, 1968!, and the trawling was in a manner
similar to that used by coamercial fishermen. The net on the side
of the vessel to receive the TED was randomly chosen. All TED-
equipped nets were pulled simultaneously against a control net
with no TED. Four TEDs, including the Louisiana TED, Georgia TED,
Texas TED, and NMFS TED, were used in this study  Christian and
Harrington, 1987!. Tow time remained constant at 1 hour.

Ice and seawater were used for testing the preservation of
cannonball jellyfish on the boat. An innovative three-phase
salting and pressing technique was tested  Huang, 1986! to produce
and evaluate the finished jellyf ish product.

RESULTS AND DISCUSSION

Cannonball jellyfish is the most abundant jellyfish in the
waters off St. Simons Island, Georgia. It appears offshore in
early April and moves in nearer the beaches in May and June' Some
cannonball jellyfish, however, were washed onto the beaches of
Jekyll Island and St. Simons Is'land during April 1986, but none
were caught in our trawling test during that time. By July, they
had disappeared from shrimp grounds  Figure 1!, but they
reappeared from late-October through mid-December  Table 1!.
During one of these periods, jellyfish filled the nets of our boat

468



II
0 C

Vl

3
~ ~

Ol Cl

~ ~
w Q
Q

0

0

Q W
N

0

m ~
O' O

~ I
Q

N

Cl

CO ~
mQ

Q
N 0

LA 0
~ I

Q N

0

my

0
m

~ IPl
N

CO NN

N ~
4A

N N

0

N N
N ~

aA O

0
m

A N

~O
N

0

II 0 a
E

~ C
Ol Vl

CO ~

~ LA

4A

N %

N

Q ch

N

CO

&0
N

%N

0
N

wm
CO N
O LA

N OO

0 h

wr
0 Vl

Ol ~
~ l

CCI
0

0 LA

0 0
mm

m
m~

~ I

CO ~

CO N
~ f

CO N

N N
~ f

N ~

0
ill
0 ~

Ol

0
I

Cl C
a c

3
4 0
0 w

0 3
Z tl

4J

CO

N

CO

N

CO

CI

CO CO

N

CO
N

Cl

0

469

0 gl
CJ C

3
Cl L
0
e a
4 5
a

Vl

0
C 4

Cl IA
a

4

Cl I

0

0
as

Io
C

4
0

0 II
0

Ol

Ol

CP
0 3

0
Q Ol

lg
tJ L
~ Cl
C

8

c a
Q

L
0 r

Ul

Ih lg
8 C

II
0
Cl Ill
O
I
tg I
0 I

N ~ Cg!
CO
Q ~ th has

m



so quickly that trawling times were dramatical ly reduced. After
mid-December, only the manubriums  the stem-1 ike mouth-tube! of
jellyfish were caught> jellyfish had nearly disappeared from the
shrimp grounds. Results from our 1986 studies were similar to
that of Kraeuter and Setzler   1975!. They reported that
cannonball jellyfish were col'Iected in the waters around Sapelo
Island  about 20 miles north of St. Simons Sound! from March
through October. Both studies suggest that cannonball jellyfish
are present along the Georgia coast during the spring and the fall
seasons.

Cannonball jellyfish can be easily harvested using an otter
trawl with any boat rigged for shrimping. Je'Ilyf ish primarily
drift along the water's surface, and may be more easily caught
'using a top water or surface trawl. The otter trawl should work
fine for surface trawling, but there is a need to modify the net
as well as to design a floating trawl door.

In compliance with the new Turtle Excluder Device regula-
tions, four TEDs were used to study the effect on the quantity and
size of catch. Results show that use of the Louisiana TED reduced
the percentage of jellyfish by 844, followed by the Georgia TED at
784, and the NMFS TED at only 34  Tab'Ie 2!. However, during the
entire study period. no cannonball jellyfish were present when the
Texas TED was tested. The reason the NMFS TED did not affect the
quantity of catch was because the bar spacing of the NMFS TED
  114.3 ran! was larger than that of the Louisiana {50.8 mm! and
Georgia TEDs �0.3 mm!  Christian and Harrington, 1987!. The size
of cannonball jellyfish caught in a TED-equipped net was also
reduced  Table 2!. Size was reduced by 504 using the Louisiana
TED, while no difference was found with the NMFS TED. Since the
TED will be mandatorily used by shrimpers off the South Atlantic
coast from May 1 until August 31, 1988, it suggests that a TED
with larger bar spacing and a net with larger mesh should be
designed to catch cannonball je'Ilyf ish.

Ice and seawater were tested for holding cannonball jellyfish
after harvesting during spring and fall. There are no significant
differences in the eating quality of processed products.
Therefore, seawater is suggested for use in preserving the catch
during May and June. However, there is no need for preservation
from lat~ctober through mid-December for a day-long trip.

For further preservat!on of cannonball jellyfish, a salted
and dried product was produced. Results show that a three-phase
processing method is suitable for cannonball jellyfish. It takes
eight days to process  Table 3!, and the final product can be
preserved at 5'C up to one year without any 'loss of eating
quality. There are no significant differences in the texture of
processed products using fresh and frozen cannonball jellyfish.
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CONCLUSION

2. Chilled seawater is suggested for use in preserving cannon-
ball jellyfish caught during spring season. However, there
is no need for preservation in the fall season.

3. Salted, dried cannonball jellyf ish can be preserved at 5'C
up to one year without any loss of quality.
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1. Harvesting of cannonball jellyfish can be easily done by
comnercial shrimp vessels. However, when TEDs are required
for shrimp trawling, nets with larger mesh and TEDs with
larger bar spacing need to be designed. This will allow
continued capture of larger sized cannonball jellyfish, while
allowing for the ejection of marine turtles. This needs to
be studied further.
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INTRODUCTION

harvested in Alaska. Since 1980, pinks have accounted for 56 percent of
the total salmon landings, averaging 71 million fish per year. During
this period, ex~easel prices have fallen from $0.44 per pound in 1981 to
$0.23 per pound in 1986 ~ Among the reasons f or this decline have been
limited product forms and markets.

The traditional markets for pink salmon have been as canned products, but
in recent years consumption has dropped while supplies have been at
historic highs ~ The drop in consumption has been related to the change in
consumer trends to convenience type foods. As a response, the canned
salmon industry has developed a skinless, boneless canned product which
has found new markets.

In an effort to broaden product forms for pink salmon, the State of Alaska
Office of Commercial Fisheries Development  OCFD!, University of Alaska
Fishery Industrial Technology Center  FITC!, Alaska Fisheries DeveLopment
Foundation  AFDF! and the National Marine Fisheries Service  NMFS! have
conducted a series of studies to evaluate alternate fresh/frozen pink
salmon products made from skinless, boneless filleted' Studies included
investigations into product form and fresh/frozen versus reprocessed shelf
life.

METHODS

Fresh-Frozen Product/Shelf Life Evaluations. Fresh pink salmon were
dressed, hand or machine filleted and skinned, then trimmed to produce
boneless fillets. Trimmings, which included pin and rib bone fractions
 Figure 1!, were minced using a Baader 694 deboner. Using 18.5 pound
metal forms, pink salmon blocks of 100 percent fillet, 100 percent mince,
75 percent fillet/25 percent mince, and 50 percent fillet/50 percent mince

0 0were produced, frozen and stored at -l8 C � F! for 1, 3, 6, and 12
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Figure 1. Cuts Uts Used To Prepare Pink Salmon Fillet  Sk'
and

e s inless, Boneless!
an Trimmings  Pin and Rib Bones!

Pin Bone
Fractions

ib Bone Fraction



months. Fillet �00 percent! blocks were used as controls and stored at
-36 C  -34 F!.

At the end of each storage period, product forms were evaluated for
sensory, oxidative and physical changes' Sensory evaluation scored color,
flavor, chewiness, moistness and desirabi,lity on a seven point descriptive
scale and texture on a five point scale  Table 1!. Color and moisture
descriptors were anchored to the control samples' Taste panel data was
analyzed using a factorial design and least squares difference to
determine the effect of storage and product form on shelf life. Fat
oxidation was determined using Lemon 's modified TBA test {1975! and thaw
drip  AOAC, 1984! was used as a measure for some of the physical and
sensory changes occurring during frozen storage.

Re rocessed Product shelf Life Evaluation. Frozen, dressed pink salmon
stored at -18 C � F! for 3, 6, and 12 months were thawed overnight at
10 C �0 F!, hand filleted, skinned and trimmed to produce boneless
fillets. The trimmings were minced using a Baader 694 deboner. Fillet,
mince and combination fillet/mince blocks were produced, refrozen and
stored at -18 C � F! for 0, 3, 6, and 9 months. At the end of each

0 0

storage period, the reprocessed blocks were compared with the fresh/frozen
samples and evaluated for sensory, oxidative, and physical changes.

RESULTS AND DISCUSSION

Recoveries ~ Fillet and mince yields from round fish varied with filleting
methods  Tab1.e 2! ~ The use of mechanical f illeting equipment resulted in
s lightly higher recover ice than hand f i lie ting. I ts addi ti on to the
combination fillet/mince blocks maximized recovery and provided 40 percent
more product.

gable 2. Recovery of Fillets  Skinless, Boneless! and Trimmings From
Manual and Mechanized Operations

X RECOVERY  WHOLE WEIGHT BASIS!

Manual

 Dee -skinned!
Mechanical

 Dee -skinned!

33.26X

12.24

33 ~ 56X

14.76

Fille ts

 skinless, boneless
Trimmings
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One Month Evaluation. After one month storage, the fresh/frozen products
compared favorably with the control samples. High sensory scores, low TBA
values and thaw drip indicated the product forms had not deteriorated
noticeably during storage. Taste panelists expressed significant



Table 1 ~ Score Sheet Used for Sensory Evaluation

COLOR FLAVOR CHE1<INESS

7-Much Lighter 7-Very Tender

6-Lighter
5-Slightly Lighter
4-Same as Control

6-Noderatelv Tender

5-Slightly Tender
4-Tender

3-Slightly Darker
2-Darker

1-Much Darker

3-Slightly Tough
2Moderately Tough
1-Very Tough

MorSTNESS DESlRABXLZTYTEXTURE
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5-Fibrous

4Wrainy
3-Flaky, Firm
2-Soft

1-Mushy

7Wontrol, Excellent
Fresh Salmon Flavor

6Mood, but not Intense
5Wnly Mildly Pleasant
4-Trace of Bad Flavor,

Rancid, Oxidised
3-Mild Bad Flavor

2-Strong Bad Flavor
1-intense Bad Flavor

7-Much More Moist

6-Nore Moist

5-Slightly Nore Moist
4-Moist as Control

3-Slightly Drier
2-Drier

1-Much Drier

7-Like Extemely
6-Like Moderately
5-Like Slightly
4-Neutral

3-Slight Dislike
2-Moderate Dislike

1-Dislike Extremely



preferences for the 100 percent fillet and 75 percent fillet/25 percent
mince blocks  Table 3!- TBA values revealed low amounts of fat oxidation
 Table 4! and thaw drips were constant  Table 5! ~

Table 3. Mean Desirability Scores for One Month Fresh/Frozen Pink Salmon1

Blocks

FORM  X FILLET!
75X

TREATMENT

50%100X 0%

Fresh/Prozen Block
Control

6-126. 50

6-60
5.83 5.08

Analysis of Variance
Ranking of Level Means

5.28 100X > 75X > 50X > OX

F Values
Form  F!

1 2
n 10 Sig p>.005
Level means with the same underline did not vary significantly  p~.05!
from one another-

Table 4. TBA Values  umoles/100g! Por One Month Fresh/Frozen Pink Salmon
Blocks

FORM  X FILLET!
75X

TREATMENT

100X 50X OX

Fresh/Frozen Block
Control

0.83
0.80

0.800.82 0.84

Table 5. Thaw Drip from One Month Fresh Prozen Pink Salmon Blocks

X THAW DRIPFORM
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100 X fillet

75 X fillet
50 X fillet

0 X fillet

2.42 X

4.84

2 ' 98
2.85



Three Month Evaluation. At three months s torage, rep rocessed blocks had
lower sensory scores, TBA values and higher thaw drip than the
fresh/f rozen product. Taste panelis ts indicated a signi f icant   p=. 05 !
preference for the fresh/frozen product  Table 6! ~ This oroduct had
better flavor and moistness than the reprocessed blocks. The 100 percent
mince block scored significantly  p .05! lower than other product forms.
Taste panel scores revealed that the mealy texture of the mince block
lowered overall desirability.

Table 6. Mean Desirability Scores For Three Month Fresh Frozen and
1

Reprocessed Pink Salmon Blocks

FORM X FILLET!
75X10GX

Fresh/Frozen Block
Reprocessed Block
Control

5 ' 43
4 ' 75

5 ' 76

5.35

6.60

5. 52
4-65

4.80

4 ' 15

Factorial Analysis of Variance
Ranking of I.evel Means

13 ' 333
5 ' 284 100X > 75X > 50X > OX
0.29

F Values
Treatment  T!
Form  F!
T X F

1 2 3 4n 10 Sig p>.001 Sig p>.005 NS p -05
Level means with the same underline did not vary significantly  p .05!
from one another.

Table 7. TBA Values  umoles/100g! for Three Month Fresh Frozen and
Reprocessed Pink Salmon Blocks

FORM  X FILLET!
75X

TREATMENT

100X 50X OX

Fresh/Frozen Block
Reprocessed Block

Control

1.61
0.71

1.31
0.78*

1 ~ 50

0-85*
1 ' 48

0.98
0.80

Estimated Values
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TBA values of the fresh/frozen blocks were much higher than reprocessed
product  Table 7! ~ It appeared that processed products were more
susceptible to the development of rancidity during frozen storage. This
was due in part to the protection of the product in frozen storage. The
fresh/frozen products were stored in waxed liners and plastic lined master
cartons while the dressed salmon had been glazed and double plastic
wrapped.



Thaw drips were highest for the reprocessed products as a result of double
freezing  Table 8! ~ Most were wi thin reasonable limits although the
reprocessed 100 percent mince block had a thaw drip of 5.39 percent,
considered unacceptable by many Alaska seafood processors.

Table 8- Thaw Drip Values for Three Month Fresh Frozen and Reprocessed
Pink Salmon Blocks

FORM  X FILLET!
75X

TREATMENT

0%IOOX
Fresh/Frozen Block
Reprocessed Block
Control

2.96X
4e38%
2.15X

3.06%

5.39X

4.46X

3.60X
2o65%

3.64X

Six Month Evaluation. After six months of frozen storage, differences
between fresh/frozen and reprocessed products were not significant
 p .05!. Fresh/frozen products were generally more desirable than the
three and six month reprocessed products  Table 9!. The exception was the
100 percent mince block which had the lowest desirability scores of any
sample. The high fillet products were significantly  p .05! more
desirable than the high mince products. Average sensory scores indicated
a preference for the 75 percent fillet/25 percent mi,nce and 100 percent
fillet forms- These samples had better flavor, texture and moistness'
The first rancid and. oxidized flavors were noted in some of the samples.

Table 9. Mean Desirability Scores for Six Month Fresh Frozen and1 Reprocessed Pink Salmon Blocks
FORM  X FILLET!

75X 50X100X OX
5-18 4e54 3 ' 555 ' 64

4 ' 274.64 4.36 4+00

F 184.00
6 ' 55

4 ~ 00 4.18

F Values
Treatment  T!
Form  F!
T X F

1 2 3
n~ll Sig p>.005 NS p .05
Level means with the same underline did not vary significantly  p .05!
from one another.

Fresh Frozen Block
3 Month

Reprocessed Block
6 Month

Reprocessed Block
Control

Factorial Analysis of Variance
Ranking of Level Means

1 392 Fresh Frozen > 6 Month > 3 Month
4-15 75X > IOOX > 50X > OX
1 ~ 92



TBA values were highest for the three month reprocessed product that had
been stored an additional three months and lowest for the six month
reprocessed product  Table 10! ~ This indicated that thawing, refreezing
and subsequent storage accelerated the development of rancidity in the
products- TBA values for the fresh/frozen products remained fairly
constant.

Table 10 ' TBA Values  umoles/100g! for Six Month Fresh Frozen and
Reprocessed Pink Salmon Blocks

FORM  X FILLET!
75X

TREATMENT

100X 50X OX
1.33 1 ~ 32 1 ' 381 ~ 12

1 541 ~ 68 1 ~ 44 1 ' 75

1.021 ~ 26

0. 80
1.21 0 ' 87

Thaw drips were highest for the reprocessed products  Table 11! revealing
the effect of thawing and refreezing. All reprocessed samples had
excessive thaw drips of 5.6 percent or greater indicating changes in the
texture and moistness that were confirmed by the taste panel evaluations ~
The fresh/frozen products had acceptable thaw drips less than 4.5 percent.

Table 11. Thaw Drip Values for Six Month Fresh Frozen and Reprocessed
Pink Salmon Blocks

FORM {X FILLET!
75X100X 50X OX

2e70X

8 ' 04X

5-60X

2 ' 06X

Twelve Month Evaluation. At the end of twelve months frozen storage,
sensory scores were significantly lower revealing the general
deterioration of all products. No significant  p .05! differences existed
between the fresh/frozen and rep rocessed f orms   Table 12! . The
fresh/frozen and twelve month reprocessed products had the slightly higher
desirability than other samples. The three month reprocessed samples, the
longest stored in frozen storage, had the lowest scores ~ Panelists again
preferred  p .05! the 100 percent fillet block form over all others. A
significant  p-.05! dislike of the 100 percent mince blocks were also
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Fresh Frozen Block
3 Month

Reprocessed Block
6 Month

Reprocessed Block
Control

Fresh Frozen Block

3 Month

Reprocessed Block
6 Month

Reprocessed Block
Control

3 ' 55X

5.58X

5 ' 77X

3 ~ 56X

5e77X

6 ' 31X

4.45X

7.34X

6 ' 29X



noted. No differences existed between the 75 percent fillet/25 percent
mince and the 50 percent fillet/50 percent mince products.

Table 12 ' Mean Desirability Scores for Twelve Month Fresh Frozen and
I

Reprocessed Pink Salmon Blocks

FORM  X FILLET!
75X 50X

TREATMENT

100X 0X
3. 82 3 ~ 54 3 ' 274.73

3 ' 723.82 3.18 2 ' 27

4 18 4.003 ' 36 2.91

3 ' 824.64

6 ' 50
3 ' 55 3.09

Factorial Analysis of Variance
Ranking of Level Neans

9.202 Fresh Frozen > 12 No- > 6 Mo. > 3 Mo.
46-833 100Z > 75X > 50Z > OX

8I 19

F Values

Treatment  T!
Form  F!
T X F

I 2 3
n~ll Sig p>.001 MS p<.05
Level means 'with the same underline did not vary significantly  p .05!
from one another-

Thaw drips were high for all products ranging from 3.43 percent for the
fresh/frozen fillet to 11 F 80 percent for the twelve month reprocessed 50
percent fillet block  Table 13!. Most samples had excessive drip although
they were the lowest for the fresh/frozen product. All reprocessed
products had drips exceeding 6.91 percent which contributed to the poor
texture scores' Most of these products would have been unacceptable for
commercial packs.

Table 13- Thaw Drip Values for Twelve Nonth Fresh Frozen and Reprocessed
Pink Salmon Blocks

FORM  X FILLET!
75X 50X

TREATMENT

O%%u100X

5 85X

9.49X

8.29X

10 2IX7 78X
3-43X

11.07X

5.33X
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Fresh/Frozen Block
3 Month

Reprocessed Block
6 Nonth

Reprocessed Block
12 Month

Reprocessed Block
Control

Fresh/Frozen Block
3 Month

Reprocessed Block
6 Month

Reprocessed Block
12 Nonth

Reprocessed Block
Control

3-43X

9.40X

11.74X

5.26X

6 ~ 91X

9.46X

11 ' 80X

4.61X

8.28X

10.90X



CONCLUSIONS

This pro!ect produced alternate pink salmon products that had acceptable
shelf life and provided alternatives to processors needing to diversify.
The major results from the study include:

1 ~ Combination fillet/mince products provided the optimum mix of recovery
and acceptability. Returning mince to the product increased yields by 12
to 14 percent on a whole weight' basis'

2 ~ Fresh/frozen product was slightly more desirable than the reprocessed
forms although pink salmon stored for three months produced very
acceptable blocks. After six months storage, all products were
indistinguishable'

3. The most desirable product form was the 100 percent fillet block. The
least desirable form was the 100 percent mince block. No more than 25
percent mince could be added back to the product and maintain acceptable
sensory properties-

4. Thaw drip increased substantially in the reprocessed products and
adversely affected texture and desirability. Thaw drip increased in
frozen storage and became unacceptable in the reprocessed products at six
months and in the fresh/frozen- products at twelve months.

5. Frozen storage time for both fresh/frozen and reprocessed products
should be limited to six months' At twelve months frozen storage, all
products had deteriorated significantly. This was especially noticeable
in the high mince products.
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DEVELOPMENTS XN ENGINEERED SEAFOODS

James R. Brooker and Robert D. Nordstrom

National Marine Fisheries Service, NOAA
1825 Connecticut Avenue, N.W., Washington, D.CD 20235

INTRODUCTION

Engineered seafoods marketed in the United States in 1986
amounted to 100 million pounds with a retail value of $350
million. It is indeed safe to say that these products have
become a well recognized line of food products in the US
marketplace and enjoyed by many consumers. The arrival of
these modern food products and their current prominence in
the US marketplace was not by coincidence; rather it has
been the result of a well planned, orchestrated, and
executed series of actions undertaken by the Japanese fish
harvesting, processing and marketing industries. Noting a
very rapid consumer acceptance of these products, represen-
tatives of the U.S. Fishing Industries, Trade Associations,
Fishery Development Foundations and US Government joined
forces to evaluate the Japanese technologies and attempt to
apply them to the living marine resources under US
jurisdiction, to derive maximum economic and social benefits
for U.S. fishermen and processors.

The National Marine Fisheries Service's  NMFS! involvement
in stimulating the development of minced fish and surimi
technology within the United States has centered around the
Saltonstall-Kennedy  S-K! grant research program for fishery
development coupled with some highly focused in-house
research. For the past 6 years NMFS has been partners with
the US industry providing funds through cooperative S-K
agreements to conduct research and development projects in
the areas of minced fish and surimi.

Three major technological breakthroughs in seafood
processing and preservation have taken place during the
past two and a half decades:

�! Mechanical separation and recovery of edible fish
meat from skin and bones.
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�! Stabilization of processed minced fish meat as
surimi for good frozen storage shelf life.

�! Fabrication that takes advantage of the functional
 gel forming! ability of fish flesh.

These developments have stimulated a renewed interest in the
fishing countries of the world for increasing the production
of food from underutilized species. Research in all three
areas by several countries over twenty five years has
suggested that careful application of technical advancements
in these three areas may make it technologically and
economically feasible to achieve full and near-optimum
utilization of most fishery resources for human food
purposes. Further, the state-of-the-art fabrication
technology suggests that the variety of end products is
nearly limitless, since they can be engineered to meet
product edibility preferences unique to many different
consumer groups of the world.

Surimi as we have all come to know is a Japanese term
meaning "a semi-processed wet fish protein", that is,
mechanically deboned minced fish meat which has been
washed to remove fat and undesirable matters  such as blood,
pigments, and odorous substances! and subsequently mixed
withh cryoprotectants  such as sugar, and/or sorbitol! to
achieve good frozen shelflife. At this stage surimi is an
intermediate product, like flour made from a cereal grain,
that can be used in the production of a limitless variety of
end products.

Two extremely important discoveries about surimi were made
at a very early date in its development in the U.S. that
continue to influence this expanding US industry.

 l! Surimi is the common thread that links many
fisheries to gether -- pollock, menhaden, whitings,
hakes and all other species used in its produc-
tion. Xn the process of making surimi, the normal
organoleptic and edibility characteristics of the
particular species are lost resulting in a near-
neutral fish protein product.

�! Surimi is a basic link between the seafood industry
and the food business in general. Its availability
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as an animal protein and its unique functional
properties have caught the attention of the entire
food manufacturing complex in the US and abroad.

RESOURCE AVAILABILITY FOR SURIMI

In the United States, several target species have been the
subject of similar investigation as shown in Table I. At
this time no attempt has been made to generate, evaluate,
and organize GFA data for many US species due in part, to
the early stage of many of the investigations.

Table l.--US Species under Investigation

SpeciesGeographic Area

Red Hake

Silver Hake

Spiny Dogfish
Ocean Pout

Sand Larce

Sculpin
Sea Robin

New England and
No rthwe st Atl an t ic

Crocker

Atlantic !Menhaden
South Atlantic and
Gulf of Nexico

Rockfish Species
Pacific Whiting

West Coast

Alaska Pollock
Atka Mackerel

North Pacific
and Alaska
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The literature on surimi research and development abounds
with reports and data about species with respect to gel-
forming ability  GFA! which is the primary characteristic
for determining suitability in making surimi. In Japan more
than 50 species have been analyzed and their GFA established
and ranked. Similar studies are being executed throughout
the world and well over l00 species beyond those identified
by Japan have been or are currently being tested to
establish their GFA and thus their potential for making
surimi.



Three species  Alaska pollock, Atlantic menhaden, and
Pacific whiting! which represent major US resources, are the
target of extensive fishery development activities
specifically for utilization in the production of surimi.

A brief description and comments about the status of
development of these resources will highlight the stage of
progress that has been achieved or not, and the existing
challenges associated with the conversion of these resources
into surimi.

Industrial development of the Alaska pollock resource in
just a few years is hailed by all factions of the domestic
fishing industry as "spectacular". The nature of the
changes in this fishery are well illustrated in Table II.
Much of the credit for this growth goes to a project funded
by an S-K grant to the Alaska Fisheries Development
Foundation  AFDF!.

Table 2.-Whe Developing Alaska Pollock Market,
4-Year Growth Chart

1 86

169,000 Netric Tons

$118.5 Million

2,325, Metric Tons

$14.5 Nillion

20

$59.5 Nillion

$100 Nillion

$830.000

???

120 Million Lbs.19 Million Lbs.

14

Source: Alaska Fisheries Development Foundation

Pollock Catch,
US Vessels

Pollock Processed
by US Firms

Catch Value
E x-Vessel

U.S. Factor
Trawler Processors

Processed Value
Ex-plant

Pollock Product
Sales

US Sales of
Surimi/Kamaboko

US Analogue
Nanufacturers

131,000 Netric Tons 1,077,000 Metric Tons



The abundance of Alaska pollock is generally described in
terms of abundance in both the Bering Sea and the Gulf of
Alaska stocks which are believed to be almost exclusively
separate from one another. There are substantial quantities
of Alaska pollock from the US exclusive economic zone  EEZ!
taken by Japan, and purchased by the Japanese from US boats,
that can be directed into surimi by the US industry. In
1985 the US quota of Alaska pollock to Japan was 670,10l
metric tons; and Japan purchased 430,076 metric tons from US
catcher vessels. While the total harvest was not processed
into surimi, the figures provide a useful benchmark to
understanding the existing ootential for continued US
expansion in the Alaska pollock fishery at the same
time as the overall developmental activities are shifting to
improving the efficiencies in using this resource.

The second major US fishery resource subject to research and
development via the surimi scenario i.s menhaden. This
resource occurs along the Southeast Atlantic Coast and the
Gulf of Nexico. Menhaden is the largest harvested US
resource by volume of landings. Combined landings of Gulf
and Atlantic menhaden purse-seine fisheries for reduction
amount. to about 1,202,000 metric tons annually � year
average for 1981-86!. In contrast to the non-oily, white-
fleshed Alaska pollock, menhaden is an oily, darker fleshed
species which historically has been used in the manufacture
of fish meal for use in animal feed, and semi-refined fish
oil that has been exported to Europe for use in margerine.

A third major resource available .to U.S. fishermen in the
EEZ off the West Coast of the US is Pacific whiting. Recent
estimates put the harvestable biomass at between 300,000
400,000 metric tons, a significant quantity even when
compared to Alaska pollock. The total tonnage of this
resource fished annually by American and foreign fishermen
in the territorial waters during the past five years
amounted to 80-100,000 metric tons. most of which has been
utilized by the Soviets. Historically there has been
limited utilization of Pacific whiting in domestic products
because a relatively large proportion of the fish are
infected with a myxosporidian parasite. This infectious
organism produces protease - an ernzyme which induces
undesirable textural changes in whiting products.

Investigations by Japanese researchers in the early 1970's
included examination of the GFA of four species of
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Nerluccius including Pacific whiting. These early results
showed that. the GFA for these species was moderate to good,
that is, the GFA's scored between 6 and 8 on a 10 point
scale  very superior: 9-10!: very low: 0-1!. used by the
Japanese at that time. There was one exception to this GFA
rating for the four species, and that was parasitized
Pacific whiting taken of f the US Coast which scored very
low.

Other less significant fishery resources exist in the US EEZ
and inshore water which have the potential for utilization
as raw materials for surimi. Without identifying and
quantifying them, these fishery resources appear to have the
potential to meet a continuing demand for surimi for the
next 2-3 decades.

TECHNOLOGICAL DEVELOPMENTS AND PROCESSING RESEARCH

A stage of maturation in the processing of Alaska pollock
has been achieved by the industry as a result of applying
the results of technological investigations and processing
research efforts that have been completed over the past S
years. Early handling. and storage studies, and investiga-
tion of functional properties impacted by handling and
storage, provided essential information to the fishing
sector on how to supply good quality fish to shore based
surimi plants.

Armed with a working understanding of the Japanese surimi-
making technology and the results of handling and storage
studies, a pilot plant project was initiated in October 1984
witP a requirement to produce a million pounds of surimi.
The surimi production contract to Alaska Pacific Seafood in
Kodiak, Alaska focused on quality, consistency and
production economics, with the final product being surimi
that met Japanese quality standards.

Technological improvements of the processing steps,
performance of and use of different equipment was the next
focus of research and development. This effort addressed
improving processes, improving yields, lowering production
costs, and assessment of waste stream materials including
the potential for conversion of reclaimable material to
marketable products. The contribution of data and

490



information from this work is expected to significantly
improve the overall US surimi manufacturing process and US
competitiveness.

Technology transfer to industry of the state-of-the-art
surimi processing procedures from the Japanese industry, and
US research and development experience was accomplished
through a cooperative project among Federal, State,
industry, and Japanese surimi processing experts. A manual,
Introduction to Surimi Nanufacturing Technology, was
prepared and a training school was held in Alaska to
transfer the technical know how, in a uniform manner, to
production and quality control personnel of a number of US
surimi processing firms. This has had a favorable impact of
accelerating the industry application of the best available
surimi processing technology and expanding domestic surimi
production from Alaska pollock.

Shifting to surimi from menhaden, the US is still at a very
early stage of research and development since there is no
organized body of knowledge available from other scientists
describing a good industrial process for producing surimi
from fatty fishes. To generate this needed information, the
HNFS awarded a research and development contract in February
1986, to the Zapata Haynie Corporation  ZHC! for a two year
period to construct and equip a demonstration plant and
investigate the technical and economic feasibility of
producing surimi from Atlantic menhaden. A strategy similar
to that used in Alaska calls for that project to supply 40
tons of menhaden surimi to a wide-range of researchers and
food manufacturing firms for investigation of its functional
and performance characteristics and to carry out new product
development research. Because of problems with scheduling
equipment deliveries, testing and operating-requirements,
results were not conclusive in the first year. Nenhaden
from the Gulf of Nexico which is the same genus but somewhat
different in size, composition and season of harvest, also
likely will be investigated for use in the production of
surimi following completion of the research on the Atlantic
species. A technically-oriented conference on the
manufacture of surimi from fatty fishes, tentatively
scheduled to be held late in 1987, will provide an open
forum for reporting progress on the surimi from menhaden
project, and for exchanging results with international
scientists investigating various aspects of producing surimi
from other fatty fishes.



It is important to recognize that the processing equipment,
its configuration, and the manufac,turing process for the
surimi from menhaden project was developed from the results
of the Alaska pollock project and now is 4 years old. .Jewer
equipment has been developed and alternative processing
procedures more appropriate to menhaden, are evident from
some experimental work already conducted at the
demonstration plant. It is unclear at this time whether or
not the technical and economic feasibility of producing
surimi from atlantic menhaden can be adequately demonstrated
within the established parameters and schedule of the
project currently in progress.

Recent research data show that parasitized Pacific whiting,
could, when properly processed, provide a new source of
surimi. Bench level research results suggest that by proper
processing and treatment, the earlier described protease
induced changes can be easily and economically
neutralized. Pacific whiting surimi tested following such
treatment exhibited functional properties that are
comparable to surimi from Alaska pollock. However,
additional work is needed on Pacific whiting to validate
these research findings and demonstrate what are the optimum
processing parameters for producing consistently good
quality surimi from this resource.

Other laboratory scale research results on producing
acceptable quality surimi from Pacific whiting suggest that
neither the processing procedures for surimi from Alaska
pollock, nor the experimental level processing regime for
making surimi from menhaden are directly applicable to
Pacific whiting. A demonstration plant type research project
may be required to fully develop and provide the necessary
data and information on handling, treatment and processing
techniques that will facilitate the conversion of this
resource and other groundfish species off the Nest Coast
into surimi.

Assuming that the research and development period for a
fishery to industrial maturation is roughly 6 years, based
upon the model for Alaska pollock, and assuming that a
Pacific whiting development project is implemented in 1990,
the U.S. production of surimi from pollock, menhaden and
Pacific whiting could easily reach an estimated 150,000 tons
by the year 2000.
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PRODUCT SAFET Y

There have been only scant reports of gastroenteritis
resulting from the consumption of surimi based foods
marketed primarily in the form of analogue products. This
is a good record for the industry in view of the rate of
increase and volume of consumption of these imitation
products in the United States.

Because of the rapid growth of this industry and its future
stability, it is extremely important that the industry
continue to produce consistent high quality products free of
microbiological or other public health problems.

In-house research has been completed by NMFS at its
Northwest and Alaska Fisheries Center that defines the
processing, product, packaging and storage requirements
necessary for the inhibition and/or destruction of
Clostridium botulinum  bacterium responsible for botulism!

imitation crab legs from seven different processors would
not support growth and toxin production by nonproteolytic CD
botulinum during a 67-day storage period at 50'F. When the
products were stored at an abuse temperature of 774F, toxin
production was delayed between 3 and 6 days. The results of
these severe tests indicate that the ingredients of the
products �.4% to 2.6% water-phase salt among other things!,.
provide significant protection from nonproteolytic C.
botulinum and that small increases of salt and other

and toxin production.

Based on the results of the research on C. botulinum a set
of interim recommendations by Dr mel .aklund hasddeen
developed, published and provided to the industry as a first
effort to assure that good manufacturing, oackaging, and
distribution practices are implemented by the industry.
These recommendations are provided in an Appendix.

Information from the Food and Drug Administration indicates
that over 900 surimi based analogue samples of foreign and
domestic origin, obtained at retail stores in the US, were
tested during the past 3 years. Of the 921 samples tested,
two samples of breaded scallops and 2 samples of imitation
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breaded shrimp contained C. botulinum type A spores. Five
samples of imitation lobster contained type D spores. IIone
of the products to date, contained type E spores   the type
normally associated with f ishery products! . Sampling at the
retail level and testing will continue for some time.

A collaborative effort between the surimi industry, ?1NFS,
USDA, FDA and the Alaska Fisheries Development Foundation
has been initiated to develop a Hazard Analysis of Critical
Control Points  HACCP! program for surimi during the next
year. The program was conceived to {a! establish industry
consistency in product quality and safety, and {b! to
facilitate industry efforts to achieve utilization of surimi
as a raw ingredient in other processed foods, including meat
and poultry products. The question of a need for a HACCP
for the secondary processing and fabrication of surimi into
end products already has been raised. However, a decision
and action plan for its development have not been made at
this time.

The diversity in application of surimi as an ingredient in
processed food products, as well as in pharmaceuticals and
cosmetics, promises dynamic growth to the US surimi
industry. The progressive posture exhibited by the surimi
processors in assuming a participating role in the
development of a HACCP shows a commitment to long term
planning and exercise of leadership by this emerging
industry.

DEVELOPNEÃl OF SURINI BASED PRODUCTS

currently are the major end products
States. Products in the form of
and chunks, shrimp, scallops and
to be the major oroducts in the

Surimi based analogues
marketed in the United
imitation legs, flakes
lobster tails continue
marketplace.
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In 1986 the U.S. market consumed 45,000 tons of products and
industry experts predict consumotion will exceed 50,000 tons
in 1987. If consumption continues at the same rate as the
past 3 years it will hit 70,000 tons in 1990, which is
consistent with the trends indicating increased overall
consumption of seafoods in the US. A recent prediction by
the U.S. Department of Agriculture is that US seafood



consumption could double to 30 pounds per capita by the year
2020.

Use of surimi as a functional protein material is the
centerpiece concept behind much of the latest research and
development underway in the United States. Food
technologists and others have been experimenting with surimi
in new product development activities in a variety of ways
as follows:

in traditional salmon products such as patties and
jerky
in combination with blue crab meat to formulate
uniform units of lumped crab meat.
in sausage and processed meat products
in ice cream
in pet food
in cosmetics such as face cream.

Other completed research has demonstrated that analogues can
withstand the more vigorous heat sterilization process of
canning and maintain acceptable product texture, color,
flavor and odor when preserved in retortable pouches. This
research, however, was limited to imitation crab chunks in
sauce, that was packed in retortable pouches, processed, and
stored. No di f ference in the organoleptic and color
characteristics were apparent due to storage for periods up
to one year, the length of the storage studies.
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SURI M I AS AH INK'E RME DIAT E

Introduction of fish-protein products in the form of
intermediates, for use as ingredients in other foods, is a
new area for exploration by the industry. A window of
opportunity for the seafood industry is in producing and
marketing high-quality intermediate fish protein products,
such as minced fish meat and surimi  from various species
and in many styles of intermediates!, that can be of feted at
attractive prices to food processors. Some limited research
results show that fish protein products can be added to
traditional meat and poultry products to improve binding
properties, improve nutritional composition, change flavor
and color, and reduce costs. They may also be used as
extenders and protein supplements. One on-going activity
focusing on this type of use is a S-K project undertaken by
the AFDF in 1986 to obtain USDA approval for using surimi in
a surimi/meat product. Recently the AFDF achieved approval
of a sketch label for pork/surimi nugget patties. Final
approval hinges on assurance to USDA that surimi entering
meat and poultry plants is microbiologically safe on a
consistent basis.

On an international level, the Codex Committee on Processed
Neat and Poultry Products has been examining the question of
a need to develop guidelines for the use of other protein
products such as milk powder, casein, caseinate and fish in
processed meat and poultry products. The Codex Committee on
Fish and Fishery Products identified minced fish meat and
surimi as two fish protein products that merit consideration
for inclusion in processed meat and poultry products. While
no action has been taken on the need for guidelines
addressing the use of other protein products in processed
meat products, the assertive action of the Codex Fish
Committee should encourage world wide consideration of
formulating new end products composed of meat and fish
ing red ients.

The direction of new product development research clearly
indicates that surimi used as an ingredient in other foods
and non-foods for many different purposes will continue to
create real opportunities for developing seafood
industries. While the market forecast is for consumption of
analogues to level off slightly about 1990, new applications
for surimi should create growth opportunities for the
forseeable future.
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QUALITY AND FUNCTIONAL ASSESSt4ENI'

Quality grades and grading procedures have been used by tneJapanese surimi industry for several years. That system
specifies  a! standard methodologies for the analysis of
various compositional and functional properties of surimi
and  b! application of the measurements to assignment of
grades for surimi which are specific to the species of fish
and location of the surimi process  factory ship or shoreplant!. At an early date, the emerging US surimi industryconsidered the Japanese approach, and then decided in favor
of developing a different system of quality specifications
rather than quality grades.

A research effort headed by Dr. Tyre Tanier of NorthCarolina State University was designed to critically
evaluate both the current Japanese testing methodology andother available methodologies and to determine the optimum
testing procedures to elaborate quality specifications for
surimi in the U.S. The results of the three year research
effort have been organized into a proposed standardized
system of quality specifications for surimi that allows
surimi users to purchase raw material according to its
characteristics  compositional! and functional properties.

A decision has been made to prepare a manual of standardtest methods for raw surimi that will contain the followinglevel of detail:

identity of properties to be tested
identity of a "standard" method for testing each
property

a procedure for applying each method to achieve
uniformity of measurement

units of measurement to be used
description of how results shall be expressed

The draft specification system presently is under review andconsideration by a surimi technical committee for adoption
as standardized test methods. It tends to parallel tne
system now used in the US meat industry by meat processors
who purchase product  raw materials! by specifications based
on product functionality.
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The concluding efforts under this project will be to publish
the standardized methods for quality and functionality
assessment of surimi in a Manual of Methods for distributio~
and use by the industry. Steps have already been taken to
familiarize industry quality control and inspection
personnel with the methods and use of them.

END PRODUCT QUALITY STANDARDS AND PURCHASE SPE CI FICAT IONS

Secondary processing of surimi into seafood analogues has
increased dramatically in the US from 1 plant in 1982 to 14
processing establishments in 1986. Additional plants and
floating processers are scheduled to commence processing
fish into surimi in 1987. As this industrial expansion was
occuring in 1985, NNFS was requested to start the process of
developing voluntary U.S. Quality Grade standards for the
major end products, i.e., imitation crab legs, chunks and
flakes, scallops, lobster tails, and shrimp.

An announcement of this request was published in the
November 25, 1985 issue of the Federal Receister and
comments were invited from interestere partres. In view of
varied responses received and noting that the US surimi
industry is is a very dynamic state at this time, it is
unlikely that NMFS will proceed to develop voluntary quality
grading standards for analogues in the near future.

Interest in using analogue products has been developing in
the military services, motivated in part, by an evaluation
of a crab food product by the Armed Forces Product Evalua-
tion Committee  AFPEC!. Additional product evaluation was
carried out by the V.S. Army Natick Research Development,
and Engineering Center  NRDEC! which resulted in a decision
to develop a Commercial Item Description  CID! that can be
used by the military services to purchase imitation crab
produc.ts.

A draft CID has been prepared and circulated to interest
groups and industry for views and comments. Once the CID is
developed and approved, the product will be added to the
Federal Supply Catalog as an approved item for military food
service programs. Upon completion of these actions military
purchasing of imitation crab products can commence, perhaps
by the end of 1987. Assuming good acceptance by military
personnel similar to that of US consumers generally,

498



opportunities for using analogues in a variety of prepared
food items such as in half steam table tray pricks, may be
pursued on a timely basis.

IREE RNAT IOHAL DE VE LOPE NT S

The Codex Committee on Fish and Fishery Products responsible
for elaborating international standards and codes of
practice for fish and fishery products, at its 17th Session,
took note of the global developments in the production of
surimi and the implications for the Committee of the
potential uses in fish and other food products covered by
existing and draft international standards. In response to
a request from the Committee, the US delegation agreed to
prepare a background paper on the world-wide status of
surimi and products manufactured therefrom for consideration
by the Committee at its 18th session in 1988.

Other international developments in surimi and engineered'
seafoods have moved rapidly in the past year. Japan has
substantial research underway investigating the technology
for making surimi from oily fish, and may be somewhat ahead
of the US at this time.

From investigations on making surimi from sardines and
mackerels, Japanese scientists have announced the use of a
new vacuum flow process which allegedly produces a better
quality surimi resulting from a more thorough seoaration of
oil and flesh. They visualize using this type of surimi in
a number of the traditional fried kamaboko products for
their domestic market. In addition, Japanese researchers
and vessels have been active in several regions of the world
conducting investigations as follows:

 a! in Peru, Chile, and Argentina researching jack
mackerel and hakes

 b! in Europe working on blue whiting

 c! in New Zealand working on hoki and southern blue
whiting

Recent curtailments of fishing in other countries'waters
have prompted this flurry of Japanese activity.
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Tpe Koreans have stepped up activity in both surimi
production and export of engineered seafoods. Korean
exports of Alaska pollock surimi to Japan and the US have
grown substantially in the last few years. This year, the
Koreans outfitted several new factory vessels to process
surimi off Alaska.

Nuch of the activity in Europe has concerned Japanese joint
ventures, although the Faroe Island industry had undertaken
surimi production on their own with blue whiting. Japanese
analogue plants have been constructed in Great Britain and
efforts to utilize blue whiting, cod frames, and Norway pout
are in the test stages.

Norway has been conducting pilot plant operations on a
number of species and has a mobile plant which moves from
port to port as seasons and target species change. The rest
of Europe has had little activity in surimi processing, but
there are plans for analogue plants in several EEC
countries.

In South America, Peru has made and distributed to school
children, fish milk and fish cookies. These products
combine processes reminiscent of fish protein concentrate as
well as minced fish and surimi. Chile and Argentina have
large quantities of mackerel and hake which they are
planning to utilize in conjunction with Japanese interests.

Canada has one plant operating on the East Coast with a
second one planned for operation under U.S./Canadian joint
venture arrangement.

IÃFERNATIONAL TRADE

After Japan, the United States is the largest consumer of
surimi based products. An estimated 110 million pounds will
be sold in the U. S. in 1987. Until 1984, Japanese exports
of surimi were small, while exports of analogue doubled each
year. Now that the U. S. has close to 20 plants making
either surimi or analogue products, the situation is
changing. In 1986, Japan exported about 26,000 metric tons
of analogue products to the US, a drop of about 6,000 tons
from 1985. At the same time, US imports of surimi blocks,
used for making the analogues, «ose from less than 1000
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metric tons in 1974-31 to 4,800 tons in 1985 and almost
8,000 tons in 1986. The increased secondary processing
capacity built in the US in the last two years is the cause
of this turnaround. In addition, there are three shore-
based surimi plants in Alaska and three new processing
vessels either operating or ready to produce surimi this
year. The US recently started exporting surimi to Japan and
this trade is expected to increase steadily.

Japan is exporting surimi and analogue products to about 24
countries. Over 30% of the volume comes to the United
States with very small amounts entering Australia, Canada,
U.K. and Europe. Some small amounts being shipped to Spain,
Hong Kong and Singapore, are transhipped to the United
States.

CONCLUSION

The efforts in the US and other countries for using
underutilized fish species for human food purposes are
largely concentrated on adapting raw material for processing
into foods by controlling and engineering their appearance,
flavor and texture keyed to consumer taste preferences.
Much of this effort includes studying the characteristics of
under-utilized species for QFA, thereby giving food
processors the abili ty to accurately predict the pe r formance
and therefore the utility of the raw material in
various food systems. Beyond these general conclusions
there are others that. can be drawn:

l. A wide-range of fatty and non-fatty species are
being researched for potential use as food through
the surimi and food processing technologies.

2. Nany fishing countries of the world perceive that
the surimi technology offers new opportunities for
better uses of under utilized resources.

3. A single handling and processing technology is
unworkable for all species. Technology is not
directly transferrable between species groups.
Technical developments and improvements in the
surimi process are contining at a rapid rate and
processing protocols are being refined depending
upon the species being investigated.



4. Excellent equipment is readily available for
producing surimi and end-products for some species;
and improvement in both equipment, and process
configuration continue to be made.

5. Process controls, and product safety and quality
concerns are being addressed and implemented at a
rate paralleling technological advancements.

6. The type and variety of surimi based end products
will continue to expand well beyond the shellfish
analogue that now dominate the market place.

7. Surimi as raw material for use in formulating all
types of stand-alone foods and reformulating
traditional foods is the next major wave of
developments in the food industry. Some complex
labeling issues may emerge from these developments.

8. International trade in both surimi and surimi based
end products should continue to increase over the
next two decades.
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TEXTURE AND FREEZE-THAW STABILITY OF

SURIMI GELS PREPARED WITH A COMBINATiON

OF ATLANTIC POLLOCK AND WHITE HAKE

J. M. KIM

Department of Food Science
University of Maine

Orono, ME 04469

INTRODUCTION

It has been reported that species variation of muscle protein may
be due to the differences ln fishing ground, method, and season.
Studies on the behavior of the purified fish actamyasfn suggests there
ls no species d'ffference fn the fntrinslc viscosity value,
efectrophoretfc mobility, salting-fn and saftfngmut range, etc., while
the temperature at which denaturatlon takes place, and the velocity of
denaturation differs fram species ta species. It fs generally believed
that actomyosin fs related to the gel-strength of fish muscle products.
From observations In the literature, it appears that hydrogen and
hydrophoblc band'lng participate fn species dffference In "setting"
temperature, i.e., format'fan and deformation of the setting and gel
network formation, but the role of dfsulfide bonding is still uncertain.

Atlantic pollock and white hake are regionally abundant fish
species off the coast of Maine and they demonstrate good gel-form'lng
ability. Pollock muscle fs brown to grayfsh and regarded as not really
suitable for a crab or lobster meet-analog praducts. Little published
information is available about the effects of blendfng surlml of
different specfes and how variatfons of blending of surlml affect the
gel characterfstlcs of the finished product. Therefore, the objectives
of thfs study were �! to evaluate and compare rheofoglcel propertfes of
surlml gels prepared with varying combinations of regionally abundant
fish species, Atlantic pollock and white hake, end �! to determine the
relationships of their rheological propert'ies ta gross microstructure of
the gels before and after success'fve freeze-thew cycles.

MATERIALS AND METHODS

Preparation of surlmi
Surfmi was prepared separately from fresh Atlantic pollock

 P~~ ~~.! and white hake  g~~ ~~! wfthin 24 hr
after befng caught off the coast of Maine. Fresh fll lets were run
through a mincer  Model 84141, Hobart MFG. Company, Troy, OH! with a die
having perforations of 5 mm in diameter. The mfnced meat was washed
faur times with water, us'lng 1 part fish meat to 4 parts water  W/W!.
After the fourth washing and draining, the slurry was dewatered by
centrffugatfon  Model K, fnternatfonal Equipment Company, Needham l-lts.,
MA! at 3000 xg. The meat pellet was chopped in a silent cutter  Model
84141, Hobart MFG. Company, Troy, OH! wfth sugar, sorbital, and sodium
trfpolyphasphate �$, 4'5, and 0.2$, W/W, respectively! and subsequently
packed fn cryobags ta be stored at -20'C until used.
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Preparation of thermally Induced surimi gel
The thawed pollock and hake surlmf  overnight in a refrigerator,

78'5 mofsture! were separately weighed and recombined In varyIng
praportlons. The blended surfmf was chapped wfth 2g salt in a silent
cutter for 9 mfn followed by 3 min add Itional chopping w'1th or without
6$ starch and with the addition of icemhllled water to adjust the
moisture level to 78$. The chapped surfml paste was extruded into 30 mm
dfameter cellulose cas'lngs and cooked at 90'C for 40 mfn ln a water
bath. These were immediately cooied 'ln running tap water for 20 min.
Ten types of samples were prepared usfng varyfng levels of pollock and
hake surfmi and Incorporating either native potato or freeze-thaw stable
modif fed starch, as shawn in Tabfe 1.

Table 1. Types of surimi pastes/gels prepared

100

80

60

40

20

100 6  mod'l fled!
6  modl f led!

6  patato!
6  modified!

50

50

Measurement of textural properties
The prepared gels were left overnight at room temperature to

equilibrate and were cut inta cylindrical shapes �0 mm diameter and 25
mm long!. The textural properties of the gels measured were campresslve
force, percent expressible moisture, and penetratfon force usIng an
Instron testing machine  Model 1000, Instron Engineering Corp., Canton,
MA! as an Index of cohesiveness, water holdfng ability, and f frmness,
respectively. Compression was done uniaxlally at a crosshead and a
chart speed of 50 and 100 mm/min, respectively.

Compressfve force was evaluated at 90$ deformation with failure
using a compression head of 10 cm in diameter. At the same time, the
amount of moisture expressed upon compression was measured by collecting
the fluid on fflter paper and recarded fn terms of $ expressible
moisture on a sample moisture wefght bas'ls. Penetration farce was
measured at 90$ deformation with failure using a plunger of 9.5 mm
dfameter.

Samples were subjected to three freeze-thaw cycles to evaluate the
freeze-thaw stability. Gel samples were frozen at -20'C for fIve days
and thawed ta equilibrate to room temperature before texture measurement
for compressive force, percent expressible mofsture, and penetration
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force.

A Hunter LabScan II spectrocolorimeter  Model PCIOO-B2, Munter
Assocfates Laboratory, Inc., Reston, VA> was used to measure the Hunter
L, a, and b values of suriml pastes prepared with various combinations
af pallock and hake surfmf using a half inch aperature.

Structure analysfs
For examination of surlml gels with a Ifght microscope, seall gei

blocks were quickly frazen fn liquid nitrogen and sectioned at 5 um with
a Refchert cryostat microtome  Model 975C, AO Sc'lentif lc Instruments,
Buffalo, NY!. Prepared sect'fons were mounted on sifdes and stained for
observation.

RESULTS AND DISCUSSION

Specfes differences fn gel-strengthening ability have been well
knawn. In this experfment, Atlantic pollock and white hake were used
because they are abundant ln the Gulf of Maine region. White hake,
particularly, ls an underutllfzed species. Even though preparatIon of
surlmf and surlml paste 'involves a vigorous chopping process, muscle
assoc'fated collagen fs seen  Fig. 1b!. Collagen ln the surfml paste
show fts bfrefrlngence enhanced fn polarized light  Ffgs. 1d and 1f!.
Intact potato and modified starches demonstrated characterist'Ic maltese
cross patterns fn polarized light  Figs. 1d and lf!.

The textural prapertfes af sur'lml gels prepared with various
combinations of Atlantic pollock and white hake, and with or without
different types of starches, are shown In FIgs. 2-4 far compressive
farce, percent expressible moisture, and penetratfon force,
respectively.

Changes fn color due to varying combinations of pollock and hake
surfmf are presented In Ffg. 5. There were signff'leant differences In
whiteness and yellow and green colars between pollack and hake surimi.

Both pollock and hake surlml produced good sur'Iml gels, but gels
prepared with hake surfm'I, with or without starch, exhibited
significantly hfgher compressive force, water holding ability  lower
percent expressfble moisture! and penetration force than those prepared
with pallock surfml, with or without starch, respectively. It fs well
knawn that dark flesh, particularly red flesh meat, such as tuna, has
weak gel strengthening ability. Usually, ft has been said that the
whiter the flesh, the stronger the gef-strengthening ability It has.
Therefore, gradual fncreases in compressive force, water holding
ability, and penetration force were observed with proportional increases
ln hake surlml <F'Igs. 2-4!. Substantial increases in L <white! and b
 yellow!, and a <green! values were observed as the level af hake surlmi
Increased  Fig. 5!. In addition to improving the gel strength, the
problem associated with the brown-gray color of pollack surfmi can be
alleviated by mix'lng with white hake surlmi.

Modlf led starch used fn this study is a blend of potato and tapioca
starches  abaut 1:6 ratio, W/W> and modified by hydroxyalkylaiion for
freeze-thaw stabilfty.

The structure af a protein gel matrix of Type IV  Fig. 6b! was more
uniform than that of Type I  Fig. 6a!. Many air cells were observed
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Fig. 1. surimi pastes before cookfng. CG: col Iagen; NIC: muscle
associated co I I agen; MP: muse f e protein; PS: potato starch;
TS: tapfoca starch.  a! Type I;  b! Type V I;  C! Type IX;
 d! same as Fig. 1c, but photographed in polarized I'fght;
 e! Type X;  f! same as F'fg. 1e, but photographed 'in
polarfzed fight.
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thraughaut the latter protein gei  Type I!. These observed structural
differences In the protein gels were reflected by the differences in gei
strength  Figs. 2 and 4! and water holding ability  Fig. 3! before the
gets were frozen. On heat treatment the palarlzatfon became dull and
potato starch lost lts maltese cross  Flg. 6d!.

When gels were subjected to repeated freeze-thaw cycies, there were
slight decreases fn campressfve farce fn the case of the geis prepared
without  Types f-Vl! and with  Types VII, Vill, and X! modified starch
 Fig. 2!. A gel prepared with native paiata starch  Type IX!, however,
showed a sfgniffcant decrease In compressive force. Percent water
expressian and penetration farce were sfgnIflcantly increased In the
case of the geis prepared with native potato starch and without starch
 Fig. 3!, while gels prepared with modlf'fed starch did not show
sfgnlf leant changes. During freez Ing, mechanically entrapped water In
the gef matrix migrated to farm fce crystals  Figs. 7a, 7b, Sa, and Sb!.
In th'fs way, the pratein gel matrix is densely packed and hardened due
to the pressure exerted and dehydration af gel matrix resulting from the
develapment of fce crystals. Thfs resulted fn Increased freely moving
moisture and f frmness af the gef upon thawing to cause Increased percent
expressible moisture and penetration farce. These changes were more
pronounced when the gef was prepared with native potato starch because
of the fncreased avalfabflfty of water for Ice crystal formation fram
collapsed potato starch. This process was visualized fn Figs. 7c and
8c. On the-other hand, there were no sfgnfffcant changes In campresslve
force, percent expressible moisture, and penetratian farce ln the case
of the gel prepared- wfth freeze-thaw stable modified starch. Commercial
freez~haw stable starches are modified by acetylatfan or
hydroxyalkylatfon. These types of madlflcatlon stabl I lze the starch gel
by mutual repulsfon of amyfose molecules and thus hold the moisture
between the molecules. This retards or eliminates the assocfation of
amylase molecules, I.e., crystallization ar retrogradatfan phenomenon
during cold storage. Starch granules embedded fn the protefn gel matrfx
which, when swollen, exerted pressure on and drew moisture from the
matrix. This caused the gel matrix to became more compact and ffrm.
The composfte gel-reinforcing effect of starch in heat-induced surimf
gel was demonstrated In Figs. 2-4. When the gel is frazen, water for
fce crystal formation ls avaflable from the protein gel matrix and
gelatinized starch. Avalfabflfty of water far fce crystal formatfon is
greater In the gef prepared with native starch because this type of
starch cannot withstand drastic physical changes, such as freeze-thaw
cycle and Is collapsed resulting fn increased avaflabflity of water for
Ice crystal formation. Furthermore, calculated water was added to
adjust moisture content to 78$ during gel preparation. This fact
explains why more pranounced changes fn textural propertfes occurred in
the gel prepared with potato starch than those prepared without ft
 Figs. 2-4!. Thfs also reffected the dffference 'fn gel structure during
freeze-thaw cycles  Figs. 7a-7c and Sa-8c!. In contrast, gets prepared
with modi fled starch  Types VI I, V I I I, and X! did nat show slgnif fcant
changes fn the textural properties because moIsture Imbibed by starch
granules from the gef matrix during cook'Ing lowered the maIsture level
fn the surfmi gel. This mofsture Is not available for fce crystal
farmatlan because it is held within the gelatinized starch as mentioned
above during accelerated freeze-thaw cycles of the gei  Ffgs. 2-4!. Gel
microstructure analysis supports this phenomenon  Figs. 7d and Bd!.
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Fig. 6. Surimf gels after cookfng at 90 C for 40 min. AC: air cel I;
GC'- gefatfnlzed collagen; GP:gelatinfzed potato starch; GT:
gefatfnfzed tapfoca starch.  a! Type I;  b! Type VI;  c!
Type IX;  d! same as Fig. Sc, but photographed In polarized
lfght;  e! Type X.
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Fig. 7. Surlml gels after f lrst freeze-thaw cycle. CP: col lapsed
potato starch; IC: lce crystal.  a! Type I;  b! Type Vl;  c!
Type lX;  d! Type X.
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Flg. 8. Surlmi gels after third freeze-thaw cycle.  a! Type l;  b!
Type Vl;  c! Type lX;  d! Type X.



ln conciusfon, 1! goad surlmi gels can be prepared from Atlantic
pollock and white hake. The concept of the mixed spec'Ies In this study
was suggested by the brown to grayish color of the pollock muscle, 2!
the problem associated with the color can be alleviated by mixing the
pollock with whIte hake surfml, which also Improves the texture, 3!
presence or absence af starch and the type of the starch clearly
fnfluences the gel texture, and 4! changes ln the textural properties
were supported by the changes fn the gross gel microstructure during the
accelerated freeze-thaw cycles.
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EFFECT OF POWDERED CELLULOSE ON THE TEXTURE AND WATER
BINDING PROPERTIES OF SURIMI-BASED PRODUCTS

KiSun Yoon, C.M. Lee and K.H. Chung
Department of Food Science and Nutrition

University of Rhode Island, Kingston, RI 02881

INTRODUCTION

The overall textural characteristics of surimi-based
products are affected by moisture, the functional properties
of surimi, ingredients and the temperature-time relationship
during heat setting Lee, 1986!. Lately, various types of
ingredients were tested in surimi-based products for their
ability to strengthen gel or to modify gel texture. Most of
work has been focused in starch Okada, 1963, Lee, 1984, Wu
et al., 1985, Kim and Lee, 1987! and protein l.ee, 1986!.
Starch was found to have a gel strength effect, while
protein does have texture modifying effect at appropriate
levels. Recently, interest has been directed to powdered
cellulose because it can contribute to binding, strength,
structure in food systems  Labell, 1986!.

Powdered cellulose is purified from specially treated
wood pulp which has the lignins and impurities removed
 Labell, 1986!. Chemically, it is relatively inert which
means it wi 11 not interfere with any reactions taking place
in a food system  Mi 1'ler, 1986!. Among ingredients, the
application of cellulose in surimi-based products has not
been investigated. The objective of this research was to
study the texture-modifying and water-binding properties of
cellulose in surimi-based products.

MATERIALS AND METHOD

Sample preparation.

Frozen surimi prepared from Alaska Pollock Theragra
Chalcogramma! was manufactured by the Alaskan Pacific
Seafoods Kodiak, AK! and obtained from the North Pacific
Seafood Seattle, WA!. Surimi was kept at -20 C until used.
Cellulose powder and modified starch Nustar'! were obtained
from James River Co. Berlin, NH! and Staley Manufacturing
Co. Decatur, IL!, respectively.

Surimi-based products, both molded and fiberized forms,
were prepared from a 800g surimi block. Surimi was
partially thawed to -2 C and chopped for 2 min with 2C

516



salt on a surimi basis! in a silent cutter, followed by an
additional chopping for 8 min with other ingredients,
namely, cellulose, starch or ice-chilled water to adjust the
necessary moisture level. Modified starch was also added in
combination with cellulose to determine the freeze-thaw
stabilizing ability of cellulose when used together with
modified starchy

One portion of the resulting surimi paste was stuffed
into cellulose casings�5 mm dia.! to make a molded gel
 shrimp analog! and steam-cooked for 20 min in an autoclave
at 90 C and atmospheric pressure. Cooked gels were
ienediately cooled with cold wate~ and left overnight at
room temperature before gel forming properties were
measured.

The other portion was used to make a fiberized product
 crab analog!. It was prepared by extruding the paste into
a thin sheet through a reactangular nozzle having a narrow
opening  1.5mm!. The extruded sheets were then partially
heat-set for 2 min in the oven at 110 C and scored into
1.5am-wide strips by a cutter similar to a noodle cutter.
The resulting sheet of strips was folded manually into a
rope, wrapped with a satin wrap, and steam-cooked for 15 min
in an autoclave at 90 C and imnediately stored in a
refrigerator at 4 C before being evaluated for textural
properties.

Formulation and processing.

The following experiments were conducted: 1! the
different sizes ranging from 11 um to 55 um were tested for
their binding properties in surimi gel; 2! using the best
performing size of cellulose from the result of first
experiment, the effect of cellulose levels on the texture of
surimi-based products was studied; and 3! the effect of
varying cellulose levels at a 6X starch level on gel
texture. Along with water binding and gel texture,
freeze-thaw stability of both molded and fiberized gels was
also studied by measuring textural change, such as increases
in rubberiness and firmness, as well as by analyzing sensory
properties. For this purpose, all samples were subjected to
1 freeze-thaw cycle.

Texture analysis

The textural properties of gels measured were
compressive force at 90K deformation, expressible moisture
and penetration force using the Instron Testing Machine
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 Yodel 1122!. Testing was carried out following the
procedures described by Lee   1984! except for shear test.
The shear test was conducted only on the fiberized gel. In
this test, the cylindrical fiber bundle was sheared
longitudinally by a flat blade  1 mm thick! while the sampIe
rested on a stationary plate. The maximum force required to
cut the sample was measured as shear force and was used as
an index of firmness and chewiness.

The texture evaluation was also conducted by a sensory
panel of 7 people from the department who previously
participated in the evaluation of the similar products.
They were asked to score 4 textural characteristics
 firmness, chewiness, rubberiness and moistness! for their
intensity and desirability, as well as overall desirability
using a structured 9-point scale  1:least, 9:greatest!.
Samples were presented in the flake form of fiberized crab
leg products.

Statistical anlysis

The data were analyzed using the Statistical Analysis
System Package SAS, 1982!. Correlation coefficients were
calculated to determine relationships between sensory and
instrumental parameters using the CORR program. Duncan's
Multiple Range Test was used to determine the significance of
the differences between treatments.

RESULTS AND DISCUSSION

Table 1 shows effect of various sizes of cellulose on the
texture of surimi ge'I. Cellulose of the size from liam to
20um performed better than ones larger than 2Gum in terms of
gel cohesiveness and water binding. As the size of fiber
increased beyond 20um, both gel cohesiveness and water
binding ability decreased with increasing sense of chewing a
thread.

Under the microscope, it was clearly seen that finer
grade cellulose  llum! was dispersed finely throughout the
matrix. Within the range of grade of ltum-20um, coarser
grades tend to be better binders than the finer ones. Water
absorption is also affected by the fibrous particles of
powdered cellulose. The coarse grades have a more open
structure, which allows them to absorb up to seven times
their weight in water. Finer grades have a more dense
structure, and they generally only absorb three to four
times their weight in water Ni lter, 1986!. It can be
suggested that gel forming of protein in surimi gel can be
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affected by the amount of moisture held in cellulose.

Table 1. Effect of various sizes of cellulose on
the texture of surimi gel.

GEL STRENGTH kg!
SIZE OF expressible compressive penetration
CELLULOSE um! moisture X! force

* tested at 2% and 78% moisture
** means within each column with different letter are

significantly different Pc0.05!.

Table 2. Effect of cellulose level on the texture of
surimi based molded products

* GEL STRENGTH kg!
LEYEL expressible compressive penetration %increase

moisture X! force rigidi ty
--zszzs-------------@ms--r � z----a-as-------------------m

control�! 0.49 ab 93.3 a 0.446 a 20.6
�.70!  c! �5.8!  b! �.538!  a!

0 ' 39 b 80.3 b 0.402 a 6.9
� ' 0!  d! �5.7!  a! �.430!  abc!

70 c 0.377 b 4.2
�6.5!  a! �.393!  c!

0. 51 ab
�.36!  e!

0.52 ab 60.1 d 0.365 bc 43.8
�.24!  b! �6.3!  b! �.523!  ab!

0.57 a 44.8 e 0.319 c 31.0
�.50!  a! �7.3!  b! �.418!  bc!

* 20am powdered cellulose at 78 X moisture.
**   ! indicates the value after 1 freeze-thaw cycle

53,9

control
11
17
20
35
45
55

1.47 c
2.10 b
1.48 c
1.37 c
2.37 b
3.80 a
2.76 b

16.6 a
9.91 c

12.3 b
13.2 b

8.0 d
5.46 e

6.5 ed

0.303 a

0.196 c
0.253 b
0.257 b
0.195 c
0.195 c
0.172 d



Effect of cellulose level on the texture of surimi based
molded products is shown in Table 2. Overall, compressive
and penetration forces of molded products gradua11y
decreased with an increase in the cellulose level.

After I freeze-thaw cycle, the gel showed a good
freeze-thaw stability at 1'L and 2X level with a least amount
of expressible moisture and a smallest increase in rigidity.
Cellulose at levels greater than 2X may have prevented its
ability to reduce ice crystal growth upon freezing. This is
in turn caused increases in expressible moisture and
penetration force rigidity!.

Table 3 Effect of cellulose level on the textural
characteristics of crab leg products

'% '92 & & W '%&& SWWW92 4

SENSORY SCORE
chewi rubberi moist overall
ness ness ness

LEVEL
fo

shear firm
rce kg! ness

RR ~Z

0.73 6
1.48! �.0!

control 6.4 6.2
�.25! �. 5!

6 5.9
�.75! �.5!

0.73 5 ' 2 6.2
�.26! �.38! �.5!

6.6 6 6.2
�.13! �.75! �.5!

068 52 56 55
�.14! �.13! �.13! �.0!

6.6 5.6
�.5!  8.0!

059 39 48
�.02! �.38! �.13!

4. 9 6.2 5.4
�.0! �.5! �.63!

4 0.53 3.8 3.8 4.2 5.8 4.0
�.98! �.25! �.75! �.75! �.75! �.63!

* 20 <m powdered cellulose at 78% moisture
"*   ! indicates the value after 1 freeze-thaw cycle.

No significant differences in texture score were noted
between control and products with ll level. However, the
better overall texture value was obtained at a 1'A level.
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The results of effect of cellulose level on the textural
characteristics of crab leg products are shown in Table 3.
There were no significant changes up to 2%, but beyond this
level, there were significant decreases in firmness, chewiness
and rubberiness with an increase in cellulose level P<0.05!.



After 1 freeze-thaw cycle. there were slight decreases in
firmness, chewiness and rubberiness with an increase in the
cellulose level. There were no significant differences between
control and at ll level in the texture score of chewiness,
firmness and rubberiness. However, the better overall texture
score was marked at the 1% level cellulose due to a more meaty,
less rubbery texture and a better mouthfeel. Crab Ieg products
without cellulose showed the lowest desirability score due to a
rubbery and dry texture. The highest overall texture score
was received at the 2% level. The improvement in the texture
of the cellulose-containing ge1 is probably due to the
freeze-thaw stabilizing ability of cellulose. The
microscopic examination revealed that cellulose was able to
reduce ice crysta'J growth at a moderate moisture level
during frozen storage.

Table 4 shows effect of addition of cellulose with 6X
starch on the textural characte~istics of molded products.
Overall, cohesiveness and rigidity of molded products
gradually decreased with an increase in the cellulose level
with 6X starch. Gels without starch had a more rigid and
less cohesive texture with high expressible moisture than
the one with starch.

Table 4 Effect of addition of ce'tlulose with 6X starch on
the textural characteristics of molded products.

GEL STRENGTH kg!
compressive penetration

force

SAMPLE expressible
moisture X!

control G.68 a 43.6 bc 0.473 a

60.2 a 0.370 b

0.325 c

0.328 c

0.320 dc

0.28G d

49.3 b

41. 0 cd

40. 3 cd

35.5 d

* S-C:modified starch:powdered cellulose
*" means within each column with different letter are

significantly different  PC0.05!.
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S-C:6-0

S-C:6-1

S-C:6-2

S-C:6-3

S-C:6-4

0.57 a

0.66 a

0.64 a

0.57 a

0.64 a



Addition of cellulose above 1X significantly reduced the
cohesiveness and rigidity of surimi gels despite their
ability to bind moisture. This could be its disruptive
effect on the composite-reinforcing effect of starch.

Table 5 shows the effect of addition of cellulose with
6X starch on the textural characteristics of crab leg
products' The highest textural strength and desirability
was obtained at 1X cellulose level. Beyond 1% level, the
textural values gradually decreased with an increase in the
cellulose level.

Table 5 Effect of addition of cellulose with 6% starch on
the textural characteristics of crab leg products."

S-C:6-0 0.45
�.75!
[66.7]

5.3 5.8 5.2 5.7 5.92
�. 0! �. 0!   5. 0! �. 15! �. 5!

[-3.8] [+7.9] [+9.8]

S-C:6-1 0.45 5.83 6.8 5.3 5.7 6.25
�.93! �.88! �.5! �.5! �.38! �.75!
[107] [-3.7] [+11.9] [+8.0]

S-C:6-2 0.40 5.0 5.5 5.1 5.2 6.13
�.91! �.85! �.3! �.63! �.75! �.25!
[127] [-9 2] [»9 8] [ 1 95]

S-C:6-3 0.38
�.92!
[142]

4.8 5.0 4.7 5 ~ 75 6.0
�.0! �.75! �.5! �.75! �.13!

[-4.2] [+17.4] [+18.8]

S-C:6-4 0.34 4.5 4.6 4.0 5.6 5.6
�.63! �.63! � ' 0! �.25! �.0! �.38!
[85.3] [+6.25] [+5.6] [+31.8]

  ! indicates the value of 1 freeze-thaw cycle
[ ] indicates 5 increase after 1 freeze-thaw cycle.
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SENSORY SCORE
SANPLE shear firm chewi rubberi moist overall

force kg! ness ness ness ness texture
SSSSCSRCCCRSSSSRSR$2RCRCCSRXSSRCSS SCCSCSCSCSSSCSCCCR 0 ROC

control 0.57 6.5 7 6.7 5.5 6.6
�.55! �.13! �.].3! �.13! �.0! �.75!
[172] [+6.4! [+9.9] [-28]



All starch-cellulose containing formulas {5.6-6.3! were
slightly inferior to control�.6! in the overall texture
score. A moderate correlation r 0.76! between shear force
and rubberiness was observed at the 99% level of confidence.
This suggests that shear test can be used to measure changes
in rubberiness.

After 1 freeze-thaw cycle, the overall textural scores
of cellulose-containing crab leg formulas at all tevels were
higher than those without cellulose. This was due to a
decrease in rubberiness and an increase in moistness. As
expected, the control without starch and cellulose became
too rubbery and dry and received the lowest desirability
score. As shown previously in Table 3, a11 textural values
gradually decreased with an increase in the cellulose level.
However, when crab leg products were formulated with starch,
the ones having cellulose received better desirability score
than those without cellulose. It means that cellulose
prevents the toughening of fiberized crab leg products
during frozen storage. This result demonstrates the
advantage of adding cellulose to products to be distributed
frozen.

CONCLUSION

Cellulose at I-2X level helps keep products, both molded
and fiberized forms, from becoming rubbery and dry during
freeze-thaw cycles by ef'fectively preventing freeze
syneresis and improving water binding of a gel. Modified
starch alone results in a less moist and starchy texture.
However, with addition of ce'Ilulose, a product having a
moist and less starchy texture can be produced after frozen
storage.
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TEXTURE-MODIFYING EFFECT OF NONFISK PROTEIN IN SURIMI GEL

K.H. Chung and C.M. Lee
Department of Food Science and Nutrition

University of Rhode Island, Kingston, RI 02881

INTRODUCTION

As a result of increasing consumption of surimi-based
shellfish analog products, a marked advancement in the
surimi technology has been made primarily in the
manufacturing of surimi and shellfish analog products.

Texture of the product produced with surimi alone tends
to be rubbery and less desirable to the Americans' taste.
Not only to ease the rubberiness but also to allow
flexibility in formulation, textural modification of surimi-
based product has been attempted. Modification of texture
can be achieved not only by a mechanical texturization
process, but also by the incorporation of gel-forming
ingredients such as starch and protein. Addition of
ingredients to the surimi-based product can contribute to
the improvement of textural properties as well as economic
and nutritional benifits  Lee, 1986 ; Lee and Kim, 1986!.

When nonfish proteins are incorporated into surimi, each
protein contributes different functional and textural
properties to the surimi gel. Therefore, understanding of'
the physicochemical properties of nonfish proteins and their
interaction with fish protein is important to optimizing the
textural property of the surimi-based products. There appear
to be potential demands for high protein surimi-based
products which stemned from the idea of bringing the
protein level of the surimi-based product   11-12 X! to that
of the natural product   16-17 l !. This may waive
manufacturers an "imitation" labeling requirement according
to a recent FDA ruling on "nutrition equivalency". The
formulation of a high protein product needs to be developed
without reducing the desirable textural quality which is
normally found in the ordinary surimi-based product.

The objectives of this study were : 1! to study texture-
modifying properties of nonfish proteins in surimi gels, and
2! to determine the relationship between functional
properties of nonfish proteins and nonfish protein-
incorporated surimi gel.
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MATERIALS AND METHODS

Preparation of nonfish protein gel

Nonfish proteins evaluated were soy protein isolate
 SPI!, whey protein concentrate  WPC!, lactoalbumin  LA!,
egg white  frozen raw, EW!, milk protein isolate  MPI! and
wheat gluten  WG!. SPI was obtained from Grain Processing
Corporation  Muscatine, Iowa!; EW from Hygrade Egg Products
 Elizabeth, NJ!; WPC, LA and MPI from New Zealand Milk
Products   Petaluma, LA!; and WG from Ogilvie Mi 1ls
 Minnetonka, MN!. Protein gels were prepared by blending
the proteins for 10 min in a silent cutter with addition of
1.5 '5 salt and a proper amount of water to adjust the
moisture level to 78 X. One portion of paste was stuffed
into a 25 mm diameter cellulose casing and the other portion
placed into centrifuge tubes. Casings were cooked for 20 min
in a steam-cooker.

Evaluation of gel texture and water binding ability of
nonfish protein

Gel properties of samples were evaluated by a method
reported by Lee   1984 ! using an Instron Testing
Machine Model 1122!. Protein content of the samples were
determined by the micro-kjeldahl method   1975!. Water
binding ability  WBA! of the nonfish protein was determined
by a centrifugation method and expressed in X amount of
water retained in the sample. Centrifugation was done for 10
min at 3000 g using a Sorvall centrifuge  Model RC 2B!
after cooking the paste for 20 min in a steam-cooker while
it was in the tube. The water binding ability of nonfish
protein during heating was referred to "thermal hydration".
The water binding ability was also determined by measuring
the amount of moisture expressed from the plug of cooked
protein gel �5 mm x 25 mm! upon compression and expressed
in X moisture retained in the sample.

Preparation of surimi gel

The Alaska pollock  Theragra chalcogramma! surimi
obtained from the Alaska Fisheries Developement Foundation
 Anchorage, AK! was used throughout the study. Half-thawed
surimi was chopped for 10 min in a silent cutter with
addition of 2X salt, 3X nonfish protein and a proper amount
of water to adjust the moisture level to 78 %. All
ingredients were added on a surimi weight basis. The
resulting paste was divided into three portions. One part of
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the paste was extruded into a sheet   1.5 mm thick, 25 mm
wide and 70 mm long ! and partially heat-set for 15 min at
50 C to run a tensile test. The second one was also
extruded into a sheet, partially heat-set for 2 min at, 110
C, and fiberized to run sensory evaluation and shear test.
The third one was stuffed into a 25 mm diameter cellulose
casing. Fiberized and casing-molded samples were cooked
for 15 and 20 min, respectively, in a steam-cooker. The
fiberized sample was coo'Ied and kept in a refrigerater
while the casing-molded sample was cooled down in the
running cold water for 10 min and kept overnight at room
temperature prior to the evaluation of the textural
properties.

Evaluation of textural and water binding properties

Textural properties of gels were evaluated following the
method reported by Lee  1984! except for shear test using an
1nstron Testing Machine. Testing parameters included
compressive force at failure cohesiveness!, penetration
force rigidity!, and % expressible moisture water binding
ability! for the casing-molded samples; tensile and shear
force for the fiberized samples. In the shear test, a
fiberized sample was sheared longitudinally by a descending
flat blade   1 mm thick! while the sample rested on a
stationary plate. Water binding of casing-molded surimi gel
was determined by expressible moisture measured by the
compression test.

Sensory evaluation of fiberized products

Sensory evaluation of the textural properties of the
fiberized surimi gel product was conducted by a group of 5
panelists. The textural characteristics evaluated were
firmness, rubberiness, chewiness, moistness and overall
texture acceptability. The panel was composed of graduate
students and faculty of the department who had a prior
experience in evaluating the quality of surimi gel products.
The panelists were asked to score the intensity and
desirability of each textural characteristic on a 9-point
scale.

Ana'Iysis of data

Analysis of variance was used to determine the
statistical significance of the sample variations in
physicochemical properties of nonfish protein. The
degree of correlation was determined between functional
properties of nonfish protein and nonfish protein-
incorporated surimi gel.
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RESULTS AND DISCUSSION

Table 1. Textural properties of nonfish protein-incorporated
casing-molded surimi gel products

V N X XR.
FORCE Kg! FORCE g ! MOIST. FORCE g!SOURCE

CONT. 51.0 a 390.0 a 0.39 bc 41.3 bc

SPI-1 41.0 b 373.0 a 0.34 cd 43.0 bc

SP I-2 35. 3 b 323.0 bc 0 ~ 26 d 44.3 abc

WPC 19.3 d 296.7 cd 0.33 cd 37.0 c

LA 21.0 d 273.3 d 0.48 ab 44.7 abc

MPI 16.7 e 213.3 d 0.50 a 42.0 bc

38.7 b 0.53 a400.0 a 51.3 a

WG 28.7 c 360.0 ab 0.44 ab 48.3 ab

* Significantly different between values with different
letters  p   0.05!
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The results of the textural evaluation of the nonfish
protein-incorporated surimi gel was shown in Table 1. The
control surimi gel exhibited a consistently and
significantly higher compressive force  cohesivenes! than
those gels with nonfish proteins  p g 0.05!. There was a
significant variation in cohesiveness among the nonfish
protein-incorporated surimi gels  p   0.05!. A similar
trend was found in the rigidity with exception of EW-
containing surimi gel. On the other hand, the tensile force
of control surimi gel was lower than that of the nonfish
protein-incorporated surimi gel except WPC-containing gel.
The higher gel strength shown by the control was attributed
to the greater amount of gel-forming myofibrillar proteins
in the control surimi gel than those in the nonfish protein-
incorporated surimi gel. The decreased gel strength of the
nonfish protein-incorporated surimi gel was due to a
combination of reduced amount of myofibrillar proteins and
the interference of nonfish protein, primarily albumin-type,
with formation of cohesive gel matrix  Okada, 1964 !. On the
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The results of the textural evaluation of the nonfish
protein-incorporated surimi gel was shown in Table I. The
control surimi gel exhibited a consistently and
significantly higher compress i ve force  cohes i venes! than
those ge1 s wi th nonf i s h proteins   p g 0. 05! . There was a
significant variation in cohesiveness among the nonfish
protein-incorporated surimi gels  p g 0.05!. A similar
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containing surimi gel. On the other hand, the tensile force
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protein-incorporated surimi gel except WPC-containing gel.
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to the greater amount of gel-forming myofibril lar proteins
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nonfish protein-incorporated surimi gel was due to a
combination of reduced amount of myofibri liar proteins and
the interference of nonfish protein, primarily albumin-type,
with formation of cohesive gel matrix  Okada, 1964 !. On the



contrary, nonfish proteins tended to increase the tensi1e
force of the fiberized products. It was not clear, however,
whether such an increase in tensile force was an indication
of stiffness or elasticity. The variation of gel properties
among the nonfish protein-incorporated surimi gel was
attributed to the differences in physical and functiona1
properties of nonfish proteins  Table 3!. Addition of
nonfish protein having higher gel strength resulted in

Table 2. Sensory textural properties and shear force of the
nonfish protein-incorporated fiberized surimi gel
products

TEXTURAL CHARACTERISTICS

SHEAR FIRN CHEMI RUBBERI OVERALL
FORCE g! NESS NESS NESS TEXTURE

PROTEIN
SOURCE

933 a 7.3 a 7.2 a 7.0 a
�.0! a �.0! a �.0! a �.0! b

CONT.

5.0 c 5.6 b 6.0 ab
�.7! a �.3! a �.7! a �.7! a

SPI-I 527 d

5.6 bc 5.7 b 5.3 b
�.7! a �.0! a �.00 a �.9! a

SPI-2 750 b

6.3 b 6.0 b 5.7 ab
�.0! a �.7! a �.0! a �.B! a

4I7 eMPC

5.3 bc 5.3 b 5.3 b
�.3! a �.0! a �.3! a �.5! a

LA 550 d

5.5 bc 5.5 b 5.0 b
�.0! a �.0! a �.5! a �.8! a

5.6 bc 5.7 b 5.3 b
�.0! a �.0! a �.7! a �.9! a

650 cNP I

EM 743 b

600 cd 6 0 bc 5 7 b 5 3 b
�.0! a �.0! a �.0! a �.0! a

529

* Without parenthesis : intensity
With parenthesis : desirability

** Significantly different between values with different
letters  P$0.05!



formation of a weaker gel. It was reported that such a
result was due to a disruptive effect of nonfish protein on
the network formation of surimi gel  Lanier , 1986!. Nonfish
proteins react to various treatments in different manners
depending on their physicochemical properties such as
molecular size and weight, ionic effect, protein
concentration, amino acid composition, and chemical bondings
involved in gelation  Buttkus, 1974; Beveridge et al, 1980!.

Table 2 shows the results of the textural evaluation of
fiberized products. The shear force of the control surimi
gel was significantly greater  p   0.05! than all nonfish
protein-incorporated surimi gels. The intensity of sensory
score of the control followed the same trend as the shear
force. The desirability in terms of three textural
characteristics and overall texture, on the other hand,
showed an opposite trend. The lower score shown by the

Table 3. Gel strength and water binding ability of nonfish
protein gels

9.3d

SPI-2 0.61 d 29.0 d 97 ' 4 d

76.1 a

100

WPC 3.08 a 275.0 a 79

LA 12 c 107.7 c

EW 1.98 b 116.0 b

78.2 b

91.27 c

80

100

WG No failure 108.0 c 60. 3Trace

* Significantly different between values with different
letters  p 4 0.05!.

the amount of water upon compression
�- ! x 100

moisture content of samp e

the amount of water upon centrifugation
! x 100

moisture content of samp e
�-
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control was due to a higher intensity, but less desirab1e
sensory score. However, addition of nonfish protein reduced
the intensity score and thus increased the desirabi1ity
score.

In an effort to determine what caused such variations in
the textural properties of nonfish protein-incorporated
surimi gel, the relationship of the functional properties of
nonfish protein to the properties of nonfish protein-
incororated surimi gel was studied. The functional
proper ties studied were water binding ability and gel
strength. Woodward et a t �982! and Hermansson �975!
claimed that water binding ability of protein is one of the
most important factors which control the textural and
structural properties of heat-induced protein gel. There was
a great deal of variation in water binding ability among
proteins, where WPC showed the least water binding ability,
but with the highest gel strength for both cohesiveness and
rig1dity  Table 3!. Such a low moisture absorption by WPC
may have facilitated more protein-protein interaction,
resulting in the development of a firmer gel.

Table 4. Correlat1ons among the water binding ability,gel
strength of nonfish protein and nonfish protein-
incorporated sur imi.

1. r = -0.65 between thermal hydrat1on  centrifugation! and
compressive force of nonfish protein gel  Table 3!.

2. r = 0.94 between water binding based on expressible
moisture of nonfish protein by compression  Table 3!
and compressive force of nonfish protein-incorporated
surimi gel.

3. r 0,97 between thermal hydration  Table 3! and
compressive force of nonfish protein-incorporated
surimi gel, WG excluded  Table I!.

4 r = - 0.68 for rigid1ty between nonfish protein-
incorporated surim1 gel and nonfish protein gel.

5. r = - 0.63 for cohesiveness between nonfish prote~n-
incorporated sur1mi gel and nonfish protein gel.
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Cohesiveness of nonfish protein-incorporated surimi gels
highly correlated with thermal hydration  r = 0. 97, WG
excluded!, as wel] as with water binding based on the
expressible moisture  r = 0.94! of nonfish protein gels.
This result suggests that both thermal hydration a nd
expressible moisture of nonfish protein are good indices of
protein functionality to be related to the textural
properties of nonfish protein-incorporated surimi gel.
Thermal hydration of nonfish proteins inversely correlated
with cohesiveness   r = -0.65 !, r1gidity   r = - 0.46 !,
and X expressible moisture   r = -0.97! of nonfish protein
gel. In summary , nonfish protein with less thermal
hydration and greater expressible moisture produced a
stronger nonfish protein gel due to protein concentration,
but it made surimi ge'l weaker when nonfish proteins were
incorporated. Unlike cohesiveness, rigidity poorly
correlated with thermal hydration  r = 0.26! as shown in
Table 4. Cohesiveness is the degree of protein binding in
the matrix and its value is better considered for the gel
forming ability than r1gidity value   Lee and Chung,
1987!. This may explain the discrepancy between two
correlation coefficients.

The result of protein analysis suggested that water
binding abi 11ty of nonfish protein was dependent upon its
protein content. WPC having 74 % protein content showed the
least WBA, while SPI having 89 X showed the highest WBA. The
protein concentration of SPI is higher than that of WPC. It
means that SPI has more solid concentration and thus more
surface area which allows more water molecules for
absorption.

Conclusions

Addition of nonf1sh protein to the surimi-based products
improved the textural properties by reducing the intensity
of undesirable rubberiness, chewiness and firmness, thus
increasing the desirability of overall texture. The
reduct1on in the intensity of such undesirab'le textural
characteristics resulted in a soft mouthfeel.

Thermal hydration of nonfish protein inversely correlated
with the cohesiveness of nonfish protein gel, but it
moderately correlated with the cohesiveness of nonf1sh
protein-incorporated surimi gel. Gel strength of both
cohesiveness and rigidity of nonfish protein gel showed
an inverse correlation with those of nonfish protein-
incorporated surimi gel. It was concluded that the main
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cause of variations in the texture-modifying effects of
different nonfish proteins was the differences in thermal
hydration and gelation properties of nonfish proteins.
Therefore, thermal hydration and gelation properties can be
effectively used in determining texture-modifying abi 1i ty of
nonfish proteins
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CHANGES IN THE FATTY ACID AND AMINO ACID PROFILES OF FISH
MINCE DURING SURIMI PROCESSING

Henry Leibovitz, Richard D. Morizen and Chong M. Lee
Department of Food Science and Nutrition

University of Rhode Island, Kingston, RI 02881

INTRODUCTION

Marine fish oils containing omega-3 fatty acids are
increasingly important to health-minded consumers who believe
that increasing their intake of omega-3 fatty acids wit1 reduce
their chances of heart disease by lowering b1ood cholestero1
1evels  Lands, 1986!. Essential amino acid  EAA! profiles are
of particular interest to nutrition oriented individuals and
food producers because they are indicative of protein quality.
Examination of the effects of processing on the EAA profiles of
surimi is necessary in order to substantiate its nutritional
value and the necessity of recovering amino acids currently
discarded in the wash water and strainer reject.

The objectives of the study were: to measure the effect of
washing on levels of total lipid, eicosapentaenoic acid  EPA,
20:5W3! and docosahexaenoic acid  DHA, 22:6W3! in red hake
 Uro h cis chuss! and mackerel  Scomber scrombrus! surimi, and

d

the mince and wash water at the different surimi production
steps using red hake.

MATERIALS AND METHODS

The general procedure for preparation of fish mince was
based on the method by Lee   1986!. Red hake and mackerel
fillets were ground through a plate having 4.5 mm holes and
washed two times for the amino acid study and three times for
the fatty acid study at a 3 : 1 water mince ratio at 10 C for 5
min. Following the second washing red hake mince was strained
using a strainer  Bibun sum 420!. A portion of the resulting
slurry from each washing was pressed with a Carver press and
used for subsequent analyses. Changes in the fatty acid profile
of the mince were analyzed after each washing. The fatty acid
analysis was conducted in the following manner. Red hake and
mackerel flesh samples were collected at each washing cycle.
Total lipids were extracted from the flesh using a solvent
system of chloroform-methanol-water   1:2:0.8 V/V!  Bligh and
Dyer, 1959!. Lipid extracts were saponified and free fatty
acids were converted into fatty acid methyl esters  Kates,
1972!. Fatty acid methyl esters were identified by gas
chromatography on a cyanosi'1icon column  SP-2330, Supelco Inc.!
at 200 C in a Varian 1700 gas chromatograph.
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Samples collected from each processing site were
freeze-dried  Virtis Unitrap II! and analyzed for moisture,
protein and amino acids. Samples included fresh fish fillets,
wash waters, reject and strained mince. The moisture and
protein contents of each sample collected were determined by
using the oven drying and the micro-Kjeldahl method,
respectively. Amino acids were analyzed in the following
manner. Freeze-dried samples of quantities equivalent to 8 pg
of protein were hydrolyzed in 6N HC1 at 110 C for 22 hours
followed by evaporation of the acid. The hydrolysates were
diluted to 5 ml with 0. 1N HCl and filtered through a 0.45 p
filter. Six pl of the resulting filtrate was injected into a
high pressure liquid chromatograph  Perkin-Elmer Corp.! set up
with a sulfonated polystyrene cation exchange column
  Interaction Corp.!. The separated amino acids were converted
into thiolesters by a post-column derivatization reaction with
fluoraldehyde  Pierce Co.!. The secondary amino acids such as
proline were converted into primary forms by a post-column
reaction with sodium hypochlorite before deriving their
thiolesters. Amino acid derivatives were identified using a
fluorescence detector  model LC-10, Perkin-Elmer Corp.!, and the
concentration of amino- acid was determined.

RESULTS AND DISCUSSION

Table 1: Effects of Washing on Total Lipid, Eicosapentaenoic
Acid and Docosahexaenoic Acid in Red Hake Surimi

Was ing Tota Lipid p DH
Number  mg i 100 mg fish dry wt.!

0 3.39 0.58a 0.51 0.01a 1.06
1 3. 03 1.05a 0. 51 0. 18a 0. 71
2 2.72 O.lla 0.36 0.02a 0.82
3 2 ' 15 0.23a 0 ' 31 0.02a 0.76

0. 14a
0. 25a
0. 02a
0. 16a

Means followed by different letters are significantly
different  p c0.05!.
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No significant differences in total lipid content were seen
following the washings. The total lipid, EPA and DHA remained
similar on a dry weight basis in the red hake samples. In the
mackerel samples, EPA was significantly  p '0.05! more
concentrated in the mince fol'lowing the third washing  Table
2!. Trends toward increasing total lipids and DHA after
washings in mackerel samples and decreased levels of total
lipids, EPA and DHA in the red hake samples were not significant
 p �.05!  Table 1 and 2!.



Table 2: Effects of Washing on Total Lipid, Eicosapentaenoic
Acid and Oocosahexaenoic Acid in Mackerel Surimi

ashing
Number

Lipid
 mg I 100

Tota P DHA

mg f i sh dry wt. !

0.48 0.00a
0.51 0.02ab
0.52 0.05ab
0.60 0.02b

0 8.94
1 9.46
2 9.34

3 9.74

0.09a
0.32a
0.91a
0.67a

1.19 0,02a
1. 29 0. 02a
1. 22 0. 07a

1. 31 0. 05a

Means followed by different letters are significantly
different  p <0.05!.

There were significant differences in the amino acid
profile between washed mince and wash water. Increased
essential amino acid  EAA! levels in the mince increases after
washing, notably, those of Yal, Tyr, Ile, Leu and Lys   Fig. 1!.
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The results of the essential amino acids  EAA! analysis at
different processing steps illustrates the concentration effect
of the surimi washing process  Table 3! as indicated by an
increase in the EAA concentration in mince with increased
washing cycles. A similar trend was seen in the changes in EAA
concentration in the wash water. However, this change was not
due to the concentration effect, but due to the increase in
tissue protein with a decrease in nonprotein nitrogen in the
second washing. It was particularly noteworthy that there was
significant difference in EAA concentration between the control
fillets and the strained sample. Overall, the concentration of
EAA in the strained mince was higher than that in the fillet.



Table 3: Essential Amino Acids Measured During Production Steps

ontro irst as econd Mash Reject Strained
 CT! Wash Water Wash Water  RJ!  STRD!

 M-1! One  W-2! Two
 LQI!  LQ2!

1no

Acids

 mg / 100 mg protein!

3.2
4 ~ 6

The nutritional quality of the reject in terms of amino acid
profile was equally as good as those of the control and first
washed samples, and the amino acid leveis in the pressed strained
mince was far higher than those in the fresh fillet  Figure 2!.

Using current knowledge, the expected percent fat and
protein losses in red hake and mackerel samples are displayed in
Figure 3 . As shown, the estimated loss of fat amounts to about
29K and the protein remaining is about 60 l of the original
following washing and discards in the reject.
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THR
VAL
MET

ILE
LEU
TYR
PHE
LYS

3.8
3.4
2.4
3.1

6.8
2 ' 0
3.8
9.0

3.7
4.0
2.4
3.5
7.0
2.7
3.5
9.5

1.6
2.0
0.8
1.6
3.0

4.0
4.2
2.7
3.8

7.5
3.3
3.6
10.3

2.1
2.7
0.9

2.3
4.4

1.0

4.7
6.1

3.6

3.8
2.4

3.5

7.2
3.1
3.3

9.2

4.3
5.3

2.9
4.7

9.1

3.6
4.5

11. 4



PIRere j. PROTEIN kNQ PAT LOSSKS SIJRING VhSHING
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FROTRIN F AT ASII iiOISTURS
I7 2.9 l.o 7$,5
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100 MINCE

VASHINO

33 VASH WATER!
 I2: NTO/21: ShRCO}

t
67 CASHED MINCE

-5.6 -X -0.5 +5.30
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7.0 RKIKCT! RSTIIIATRD LOSS OF FAT X!:
2,l 2.9-I/I I 3 + 2.9-X

+ I.0-0.5 i 70.5 i 53

Ix ~29 s J

If any nutritional colIIIents are to be made on the amino acid
content and its value as a food source, we should consider the
amino acid content on a wet basis instead of a dry basis. The
moisture contents of the strained and the pressed mince were 92 l
and 82 X, respectively, on a wet basis. The effect of the
moisture reduction on the concentration of essential amino acids
are shown clearly in Figure 4, where the concentration of amino
acids in the pres'sed mince was much higher than that in the
strained mince and the variations in the concentration are
clearly reflected by differences in the moisture content.

539



CONCLUSIONS

The washing did not reduce the levels of either omega-3
fatty acids or total lipid in the fish flesh. This can be
reasoned by the concentration effect of washing with losses of
soluble components. A significant amount of lipids were
estimated to be lost during washing, however, and further studies
are needed to recover and measure the amount of total lipid
actually lost in the wash water. Consumers should not consider
surimi devoid of marine fish oil or omega-3 fatty acids.

Surimi processing does not appear to lower the protein
quality of the final product. The washing increased the overall
amino acid concentration in the fish mince. The amino acid
profile of the wash water appears to be significantly inferior
to that of the washed mince. The reject after straining is
considered equally as nutritious as the final mince.
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SENSORY ANALYSIS OF EDIBLE FISH OILS

Janet A. Gooch and Sylvia B. Galloway
National Marine Fisheries Ser vice, NOAA, SEFC

Charleston Laboratory, P.O. Box 12607, Charleston, SC 29412

INTRODUCTION

Considerable interest has arfsen regardfng the nutritional and
therapeutic value of ffsh oils. Fish oils, with their relatively high
concentration of long-chained omega-3 fatty acids, are linked with the
prevention of coronary heart disease  Stansby, 1984; Sanders, 1985;
Leaf, 1986!. In conjunction with this, several studies have shown that
the consumption of fish or fish oils alters blood lipid patterns in
humans. Phfllfpson et al. �985! found that, in patients with
hypertrfglyceridemfa, a f1sh oil enriched diet  up to 30% of total
calor1es! led to decreases in both plasma cholesterol and plasma trigly-
ceride, as compared with control diets not containing f1sh oils. In
add1tfon to lowerfng lipid levels, certain fish oil fatty ac1ds may also
act to reduce platelet aggregation, decrease blood viscosity, and pre-
vent ischemic damage as well as modify inflammation and immune responses
 Stansby, 1984; Harris, 1985; Kfnsella, 1986; Goetzl et al., 1986!.

A conference was held on the "Health Effects of Polyunsaturated
Fatty Ac1ds in Seafoods" 1n 1985 in Mashfngton, D.C. Session chairper-
sons voiced the crucial need for uniform test materials to be used for
research on the biological mechanisms by which fish oils influence
health and modulate disease processes  S1mopoulos, 1986!. This research
will be conducted by qualified biomedical researchers who are supported
by a variety of funding agencies including the National Institutes of
Health  NIH!, the National Science Foundation  NSF!, and private univer-
sities. During 1986, the National Oceanic I ' Atmospheric Administration,
National Mar ine Fisheries Ser vice, Southeast Fi sheries Center,
Charleston S.C. Laboratory began its Biomedical Test Materials Program
to prov1de refined menhaden oil and oil fractions of defined quality and
composition for the N1H-approved studies.

menhaden oll  Brevoort1a spp.! was selected as the source for all
test mater1als s1nce etcosapentaeno1c acid  EPA or 20:5n3! 1s one of 1ts
principal fatty acids  Joseph, 1985! along with moderate concentrations
of docosahexaenoic acid  DHA or 22:6n3!. Eicosapentaenoic acid and DHA
are two of the most cormmn omega-3 fatty ac1ds in fish oils, and EPA is
believed to be especially effective in reduc1ng the risk of heart
attack  Hi rai et al., 1980; Kobayashi et al., 1981; Dyerberg, 1982!.
Menhaden oil fs the primary commercial fish oil in the United States,
and has been thor oughly analyzed  Ackman et alee 1976, 1981; Ackman,
1980; Dubrow et al., 1976; Joseph, 1985; Seaborn, 1986!.

S1nce the biomedical test materials must be of defined quality and
composition, quality control of the production processes and quality
assurance of the products are of utmost importance. A number of stan-
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dard methods for measuring the quality and composition of these products
are currently in use, including sensory analysis. Sensory analysis is
an integral part of our gA/qC program and is performed on fresh samples
as well as oils undergoing storage to determine their flavor stability.

This paper outlines the methodology and presents results from
sensory evaluation of the following fish oil products:
1! steam-stripped menhaden of 1 and placebo corn oil in soft gel

capsules;
2! vacuum-stripped menhaden oil bulk packaged in bottles;
3! placebo corn oil, vacuum-stripped menhaden oil, and fish oil

polyunsaturated ethyl esters, each microencapsulated in a matrix
of 10� corn starch.

MATERIALS AND NETHOOS

Packa in and Antioxfdants
e s o~ pro ucts have been bulk packaged in bottles, soft gel-

encapsulated or microencapsulated and stored in amber bottles which were
flushed with nitrogen prior to sealing. Placebo oils  corn, safflower,
or olfve! as well as ethyl esters of the fish oil were also packaged jn
the same manner. Antfoxidants  Kodak 5-67, Tenox GT-1, and Tenox 20A'!
were added to the various oils so that the final concentrations of
antfoxidants in all oils would be as follows: �! alpha-tocopherol, 1.3
mg/g; �! gamma-tocopherol, 1.2 mg/g; and �! tertiary butyl hydro-
quinone  TBHg!, 0.2 mg/g. In this way, the antioxidant levels would be
"balanced".

p on of several freshly processed and deli-
berately abused  exposed to light and air in a glass petri plate! menha-
den oil samples showed that the fish oils exhibited many of the same
flavor and odor characteristics that are reported in the literature for
other edible oils  Chang, 1972; Jackson, 1981, 1985; Maltking, 1982;
AOCS, 1983; Lawson, 1985; Marner, 1985!. To produce some of the flavor
and odor attributes  f.e., painty, rancid, and oxidized!, edible oils
 i.e., sunflower, linseed, soybean, and cottonseed! were heated at 60'C
over a period of days  up to 16! until they attained the desired off-
flavor and odor  Marner, 1985!. A series of triangle tests was used to
screen panelists for the four basic tastes. Separate sessions were held
over a period of several weeks to familiarize panel members with odors
and flavors of different oils and then associate these characteristics
with the description of each term on the evaluation form. Chemical
r eference standards and known oils were used in training the panelists
to rate fntensity and to discriminate among oil samples. Several publi-
cations  AS'N, 1968, 1981; IFT, 1981; Powers, 1982, 1984! provide
background information and basic guidelines for sensory panel training.

1 The use of trade names does not imply endorsement by the National
Na rf ne Fisheries Service, NOAA.
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Odor and Flavor Evaluation Form
e procedure emp oyed is a modification of the guantitative

Descriptive Analysis  ADA! method for sensory analysis  Stone et al.,
1974; Necredy et al., 1974; Zook and Wessman, 1977!. The scale is an
unstructured line 15 cm in length with one vertical line at the left end
and a second vertical line 1 cm in from the right end of the line. The
scale runs from absent to very strong in intensity. Each panelist
records his/her evaluation by making a vertical line across the 15 cm
horizontal line at the point that best reflects his perception of the
intensity of each attribute. Only the attributes actually detected are
marked on the score sheet.

Fig. 1 and Table 1 show an example of the evaluation form and
definitions for each attribute  Stansby and Jellinek, 1965; Chang, 1972;
Nounts and Warner, 1980; Jackson, 1981, 1985; Waltking, 1982; AQCS,
1983; Lawson, 1985; Warner, 1985!.

Nany researchers  Chang, 1972; Jackson, 1981, 1985; Waltking, 1982;
AOCS, 1983; Warner, 1985! have utilized a 10-point flavor quality scale
for sensory analysis of vegetable oils, with 10 as excellent and 1 as
repulsive. However, we decided to use the ADA method because it has
worked well for sensory evaluation of other fishery products; and the
open line scale generates data that can be analyzed by standard sta-
tistical methods which assume a normal distribution.



OATS:
PANELIST:
SANPLE:

SE150RT ANALYSIS OF FISN OIL

VERY STRON6

VERY STRONGRUTTERY iksvoet

VERT STRONG
REANY  soy or
other ran bean
flavor/sdor!

VERY STNNVG

VERY ST%Nb

YERY STRONG

GRASSY  "greeny .
fnaahly cut grais.

�5
FISNY  cod-Ilwr
oil odor/f!amor!

VERY STION!

VERY STRONIARS NT
RITTER  caffeine
or cuisine
taste/odor!

VERT STRON6

VERY STRON6

VERT STRON6

VERT STRON6

Figure 1. Example of evaluation form using the unstructured
line scale.
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Table 1. Defin1tion of odors and flavors of fish oil.

TIO - Total intensity of odor.

TIF - Total intensity of flavor.

BUTTERY - Aroma and flavor of sweet, freshly-churned butter. A strong
buttery flavor would refer to a pronounced, sweet butter fla-
vor, not old or rancid.

BEANY - Characteristic of soybean oil products or fresh, raw soybeans or
other raw beans.

RANCID - Strong, very oxidized, rank acrid flavor and odor, very old
fats.

PAINTY - Resembl1ng drying paint or linseed o11.

OXIDIZED - Sharp; characteristic of oils exposed to air, particularly
cottonseed oil. A strong ox1dfzed flavor is termed "rancid".

GRASSY - The "green" flavor or odor of freshly cut grass; sl1ghtly
character1stic of "green" in cucumbers.

FISHY - The characteristic odor and flavor of fish oil, such as cod-
lfver oil.

BITTER - Taste and odor of caffeine or quinine; may be acrid.

SMEET - Pleasant, sucrose odor and flavor; slightly character1st1c of
syrup.

FRUITY/MELON - Characteristic of watermelon rind or honeydew melon; may
be slightly citric; characterist1c odor and flavor of
f ish oil esters.

BURNT - Scorched; like carmelized sugar; may be found in conjunction
with "sweet".

OTHER - Any odor/flavor not deffned above which is experienced by the
panelist.
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RESULTS AND DISCUSSION

Specially processed menhaden oil was purchased from Zapata Hayn1e
Corp., Reedville, Vfrgfnfai. This oil was e1ther steam-stripped or
vacuum stripped, antioxidants were added, and the oil was shipped to
commercial companies for encapsulation. The steam-stripped oil was
soft-gel encapsulated, and the vacuum-stripped oil was mfcroencap-
sulated; and then returned to NMFS for distribution to the various
researchers.

Specific details of the sensory evaluation procedures used are
outlined in Table 2. Table 3 shows the results of sensory analysis on
soft-gel capsules of fish and corn oil. These data indicate only a
slight increase fn intensity of odor and flavor of the fish oil as a
result of encapsulation. The sensory panel characterized the fish ofl
capsules as being bland in odor and flavor with very little "fishiness".
Stansby and Jellinek �965! characterized highly refined menhaden oils
as having a slightly "green" or "grassy" odor and flavor. Me found this
to also be true of our menhaden oil samples.

Tables 4 and 5 show results of sensory evaluation of a vacuum-
stripped menhaden oil packaged fn bulk and three microencapsulated pro-
ducts  corn oil, vacuum-stripped menhaden oil, and fish oil ethyl
esters!. In Table 5 the microencapsulated fish oil and ethyl esters
exhibited only a minute "painty" off-odor. The microencapsulating
matrix was corn starch, as evidenced by panel members adding other
attributes such as "chalky" and "starchy".

The results and samples presented in this paper are representative
of the type of products that will be produced as part of the Biomedical
Test Materials Program at the Charleston Laboratory. Sensory analysis
is an important component of the gA/gC program. Panel members are
capable of detecting off-odors and flavors long before chemical analyses
will ind1cate oxidation of a product. It is hoped that we will be able
to correlate sensory scores with analysis of volatiles by direct gas
chromatography as well as other chemical analyses such as free fatty
acids, peroxide values, iodine values, and anisfdine values.
Statfstfcal analysis of the data will also be employed. In surrmrary,
sensory scores of the oils and oil derivatives show that they are of
high quality with only slight "fishiness" and very few undesirable odors
and flavors.
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Table 2. NMFS Biomedical Test Materials Program Sensory Evaluation
Procedures

SENSORY ANALYSIS OF 0 ILSa

SAMPLE PREPARATION:

A 40 ml glass beaker containing 5-6 ml of oil is covered with a
watch glass and placed in a preheated 50'C water bath.

�! The oils are heated 10 minutes prior to serving.

�! A sample is coded with a 3-digit random number.

�! A maximum of 3 samples per sessfon are evaluated due to taste and
olfactory fatigue of the panel members.

ODOR AND FLAVOR TESTING PROCEDURES:

Panel members rate the oils for odor in the order in which samples
are presented from left to right. Reference standards that charac-
terize the attribute as well as the fntensity were utilized during
panel training and are available for review.

A covered beaker is swirled and lifted to the nose. Panelist
removes cover and sniffs the volatiles. The beaker is swirled again
if necessary.

�!

�! The type and intensity of odor as well as total intensity of odor is
recorded on the score sheet.

�! For flavor attributes, the lightest aromatic sample is tasted first,
followed by samples of increasfng odor intensity.

Disposable pipets are used to transfer an aliquot �0-100 yl! of oil
into the mouth. The oil is held on the back of the tongue as air is
drawn into the mouth and exhaled through the nose.

�!

�!

The type and intensity of flavor as well as total intensity of fla-
vor are recorded on the same score sheet used for odor.

 8! Each product is sampled and evaluated, for odor and flavor, 3 times.
The intensity data is measured numerically  in cm! and analyzed.
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If possible, the sample is not swallowed. Carbon-filtered tap water
heated to 38'C is used to cleanse the palate after each sample.



Table 2 cont1nued

SENSORY ANALYSIS OF MICROENCAPSULATED OILS

SAMPLE PREPARATION:

�! A 40 ml glass beaker containing 5 g of the material and 25 ml
boiling water is thoroughly mixed, covered with a watch glass, and
placed in a preheated 50'C water bath to attain equilibrium.

�! After 15-20 m1nutes, the temperature of the emulsion will have
fallen to about 50'C and the odor 1s evaluated.

ODOR TESTING PROCEDURES'

Odor only 1s evaluated on mi croencapsulated oils since the
microencapsulatfng matrix not only contributes flavors of its own, but
also masks some oil flavors. See Steps 1-3 of Odor and Flavor Testin
Procedures for methodology.

a Mounts and Warner, 1980; Jackson, 1981, 1985; Lawson, 1985;
Chang, 1972; Warner, 1985; AOCS, 1983.

b Heath and Reineccius, 1986
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Table 3. Mean scores  scale of 0-15! and standard deviations are listed
for baseline data at the beginning of a storage study on fish
oil and corn oil  placebo! capsules. Data was obtained from
sensory evaluation of steam-stripped menhaden oil before and
after encapsulation by a comnercial company for NMFS.

SOFT GEL CAPS
FISH OIL CORN OIL
CAPSULESb CAPSULESb

ODOR ATTRIBUTES'

0.6 + 0.9TYPICAL CORN

a Mean from 4 separate panels; N 7 panelists.
b Mean from 3 separate panels; N 7 panelists.
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T IO
BEANY
GRASSY
FISHY
SWEET

FLAVOR ATTRIBUTES:
7 IF
BEANY
GRASSY

F ISHY
SMEET

FISH OILa
 BEFORE

E NCAP SULAT ION!

1.6 ~ 0.7
0.3 4 0.3
0.2 + 0.3
0.5 ~ 0.7
0.1 x 0.1

1.7 a 0.6
0.4 t 0.3
0.5 * 0.4
0.3 i 0,4
0.0 ~ 0.0

2.4 * 1.1
0.2 + 0.2
0.2 + 0.5
0,7 + 0 7
0.1 R 0.2

2.6 ~ 1.2
0.1 * 0.2
0.3 + 0.5
1.0 a 0.8
0.1 x 0.1

2.1 + 1.2
0.4 + 0.5
0.0 + O.O
0.1 + 0.1
0 ' 4 + 0 6

2.0 a 1.1
0.7 t 0.6
0.0 + 0.0
0.0 + 0.0
0.4 x 0.6



Table 4. Mean scores  scale of 0-15! and standard deviations for a
vacuum-stripped menhaden oil bulk packaged in bottles.a

Flavor Attributes:Odor Attributes:

a Mean from 3 separate panels; N = 7 panelists.

Table 5. Mean scores  scale of 0-15! and standard deviations are listed
for baseline data at the beginning of a stor age study. Data
was obtained from sensory evaluation  odor only! of microen-
capsulated placebo corn oil, vacuum-stripped menhaden oil, and
fish oil ethyl esters commercially microencapsulated for NMFS.

MICROENCAPSULATED

FISH OIL' FISH OIL
ESTERSa

CORN OILa

ODOR ATTRIBUTES'

3.0 + 1.9
0.0 + 0.0
1.1 t 0.8
0.6 + 0.8
0.0 ~ 0.0

Tro
BEANY

PAINTY

F ISHY

FRUITY/MELON

0.6 + 0.9
0.5 + 0.6

CHALKY
STARCHY
TYPICAL ESTER

0.4 + 0.8
1.3 + 2.0

a Mean from 2 separate panels; N = 7 panelists.
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TIO

Painty
Oxidized
Grassy
Fishy

2.8 + 1.4
0.2 + 0.4
0.2 + 0.4
0.2 + 0.4
1 1 + I ~ 4

1.8 + 1.4
0.3 + 0.5
0.0 * 0.0
0.0 ~ 0.0
0.0 + 0.0

TIF

Painty
Oxidized
Grassy
Fi shy

3.5 + 1.3
0.6 + 1.1

0 ~ 5+0 ~ 6
0 ' 2 + 0 ' 3
1.9 + 1.4

3.0 + 1.4
0.0 ~ 0.0
1.4 * 0.6
0.2 + 0.3
1.2 i 0.7
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ELECTROPHORETIC 1DENTIFICATION OF SHRIMP USING
VARIOUS PROTEIN EXTRACTION SYSTEMS

Haejung An, Maurice R. Marshall, W. Steven Otwell
and Cheng-i Wei

Food Science and Human Nutrition Department
University of Florida, Gainesville, FL 32611

INTRODUCTION

Willful or unintentional adulteration by substituting
lower cgxality and/or lower priced seafood products for
higher priced products has led. to an increasing demand for
identifying species of fish or other seafood in the
marketplace. However, only a limited number of methods, such
as starch gel-zone electrophoresis, acrylamide disc
electrophoresis, thin layer polyacrylamide gel isoelectric
focusing, and cellulose acetate strip, has been accepted as
official methods to differentiate species of seafood or
seafood products  AOAC, 1984!. In most test methods, the
highly water-soluble sarcoplasmic proteins have been used
for species identification  Lundstrom, 1981 and 1983;
Hamilton, 1982!. Protein solubility is affected by several
factors, such as pH, ionic strength, temperature or the use
of organic solvents  Thakker and Grady, 1984!. Thus, by
modifying the extraction conditions, species-related
proteins can be more effectively extracted and used for
species identification.

In addition, the solubility of sarcoplasmic proteins
vere affected significantly after heat treatment. The number
of water-extractable proteins, as demonstrated by comparing
the electrophoretic gels of heated to non-heated samples,
vas reduced after heat treatment  Dowdie and Biede, 1983;
Lee et al., 1974!. The solubility of heat-denatured proteins
can be improved by using various solvent systems such as
urea and SDS  Tanford, 1968; Thakker and Grady, 1984! .

This study was carried out to compare the relative
effectiveness of various solvent systems in extracting
proteins for use in gel electrophoresis. Five solvent
systems were used to extract proteins from three species of
raw and cooked shrimp. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis  SDS-PAGE! was applied to
separate sarcoplasmic proteins and to differentiate and
identify the species from raw and cooked shrimp. The best
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protein extraction system was used with SDS-PAGE to check
applicability in identifying shrimp species and their
relative contents in fabricated samples by a blind study.

MATERIALS AND METHODS

Three shrimp samples, pink  gmhhmus ~urarum!  Key
f2

stored at -33 C vere thawed under tap vater, peeled, and
deveined. For the cooking treatment, shrimp muscle vas
placed in boiling water for 5 min.

Five solvents were compared for their effectiveness in
extracting sarcoplasmic proteins from whole rav and cooked
shrimp. They were water, water homogenate adjusted to pH 8.0
with 0.1 N NaOH, 0.1 M NaCl, 14 SDS  w/v!, and 8 M urea. All
five solvents contained 0.1 mM phenylmethylsulfonyl fluoride
 PMSF!, 10 mM EDTA and 0 01%  w/v! sodium azide. Shrimp
samples were chopped, mixed with each solvent at a ratio of
1:3  v/v!, and homogenized at room temperature for 1 min at
setting 5.5 using a Polytron  Brinkmann Instrument,
Westbury, NY!. After the samples vere centrifuged at
48,000x g for 20 min at 20 C, the supernatants were
collected, .and the protein contents determined by the Lovry
method  Lowry et al.,1951! .

The percent yield of protein was determined for the
supernatants of vater, 14 SDS or 8 M urea extract. The
percent yield vas calculated as the ratio of total protein
content in the supernatant to that in the homogenate.

SDS-PAGE was performed according to the modified
procedure of Laemmli �970! and O'Farrell �975! using a
Protean II  vertical slab! unit  Bio-Rad, Richmond, CA! .
Slab gels �.5 mm thick! of 10.4 and 3.1%  w/v! total
acrylamide were prepared to serve as a running and a
stacking gel, respectively. Proteins at 35 ~g were analyzed
on SDS-PAGE. A constant current of 15 mA/slab was applied
initially and increased to 30 mA/slab when the marker front
reached the running gel. Following electrophoresis, the
proteins were stained with Coomassie Brilliant Blue R-250
 Bio-Rad!. Molecular weights of the protein bands vere
determined according to the method of Weber and Osborn
�969! and Weber et al. �972! using a low molecular weight
 MW! protein kit  Pharmacia, Piscataway, NZ! .

A blind study was performed on fabricated mixtures of
pink and rock shrimp. Raw pink and rock shrimp were
individually chopped and then mixed in various ratios  v/w!
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unknown to the investigators. For heat  boiled! treatment,
the chopped shrimp mixture was boiled for 5 min in a 2 oz
Whirl-Pak bag  Fisher Scientific!. Shrimp proteins were
extracted with water and SDS for the raw and heat-treated
samples, respectively. After SDS-PAGE, electrophoretic
protein patterns were compared to reference samples of pink
and rock shrimp at various ratios. The percent content of
rock shrimp in the unknown sample was determined by visual
observation of the intensity of the species-specific protein
bands.

RESULTS AND DISCUSSION

so ventsv

The five protein extraction systems used in this study
can be categorized into two general groups: non-denaturing
and denaturing agents. Characteristic SDS-PAGE patterns were
obtained for all the extracts of the raw and boiled shrimp.
Only the patterns of white shrimp were shown in Figures 1
and 2.

For all three raw samples, a low ionic strength salt
solution �.1 M NaCl! or the adjustment of the homogenates
to pH 8.0 did not increase protein extractability  data not
shown! or change the electrophoretic patterns when compared
to the water extract  Fig. 1!. When using two common
protein-denaturing solubilizers, SDS and urea, more protein
bands were observed  Fig. 1! .

Low percent protein recovery was noted for water
extract  Table 1!. However, water was the most suitable
solvent to extract proteins from raw shrimp for
electrophoretic identification. Specific patterns were
obtained with water extract for each species, and distinct
bands could be recognized and used for species
differentiation. The highest percent recovery was noted for
1% SDS  Table 1! which has been often used to solubilize
membrane proteins.

Heat treatment, of shrimp prior to water extraction
resulted in a drastic change in SDS-PAGE patterns; the
number of bands reduced greatly  Fig.2!. High temperature
causes both denaturation and dissociation of subunits
 Dowdie and Biede, 1983; Lee et al., 1974!. Thus, water was
not effective in extracting proteins from cooked shrimp. A
protein yield of only 8-114 was obtained  Table 1!. This
problem was alleviated by using SDS or urea which enhanced
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Figure l. SDS-PAGE patterns of raw white shrimp extracted
with water �!> ~ater homogenates with pH
adjustment to pH 8.0 �!< O.l M NaCl �!>
lt SDS �!< and 8 M urea �!. Protein standards
are also included �!.

1 2 3 4 5 6

Figure 2. SDS-PAGE patterns of cooked white shrimp extracted
with water �! I water homogenates with pH
adjustment to pH 8.0 �!< O.l M NaC1 �!<
1% SDS �!< and 8 M urea �!. Protein standards
are also included �!.
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protein extractability  Table 1!. Additional proteins were
extracted with these solvents, and provided greater
information for species identification  Fig.2! . Since the
patterns of these two extracts were similar  Fig. 2!, SOS
was chosen to extract proteins from cooked shrimp for genus
identification.

� AG attern

Characteristic gel patterns were obtained for all
shrimp samples. For ease of comparison, the gel was divided
into three equal segments, A  top!, B  middle! and C
 bottom!.

The water extracts of the raw samples showed the most
diversity between species  Fig. 3a!. Four major bands with
NW of 88.3, 81.5, 78.6 and 74.1 kD were found in section A
of pink shrimp. For white shrimp, there were five bands in
this section. Their NW were 88.6, 81.7, 79.9, 77.7 and 75.7
kD. The rock shrimp had six bands in section A with NW of
88.9, 82.1, 80.6, 79.5, 78.1 and 76.0 kD. A species-specific
minor band was also found between section A and B. Its NW
was 66.4, 65.7, and 63.8 kD for pink, white and rock shrimp,
respectively.

Unlike those found in section A, the protein bands in
section B showed no significant species difference. Two
major thick bands were detected in section C with NW 19.1
and 18.3 kD for pink and white shrimps or 18.5 and 17.7 kD
for rock shrimp.

Different banding patterns were observed for the SDS
extracts of raw shrimp  Fig. 3b!. Differences were found in
section A and B f' or pink and white shrimp. The 78.6 kO band
was only found in section A of pink shrimp. Two bands  80.5
and 76.7 kD! in section A and one band �1.1 kO! in section
B were only present in white shrimp. For rock shrimp, the
banding pattern at, section C was obviously different from
that of the other two shrimps. Three unique bands of 26.5,
23.7 and 21.5 kD were found in rock shrimp. The 58.4 kD band
in section B was also unique for rock shrimp. The urea
extracts of the three shrimps showed similar patterns as the
SDS extracts.

In contrast to the raw samples, the species-specificity
of the water extracts of boiled shrimp could not be easily
detected. Only a few bands were detected and they were
basically similar for all three species  Fig. 4a!. Improved
gel patterns were found for the SDS extracts  Fig. 4b!. Pink
shrimp was found to have similar patterns as white shrimp,
possibly because they belong to the same genus. Two
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characteristic thick bands �9.1 and 75.9 kD! found in
section A of the rock shrimp extract were not as apparent in
white or pink shrimp. The bands found in section C of rock
shrimp could also be used for identification. Some
variations were found in the rock shrimp as compared to the
other two shrimp. The bands with MW of 27.7-31.3 kD were not
present in rock shrimp, while three new bands of 21.6, 18.7
and 17.8kD vere detected. A new band vith a MW of less than
27.7 kD was also found in rock shrimp. Again, as in the case
of rav samples, the urea extracts of boiled shrimp revealed
the same patterns as the SDS extracts. Distinct differences
in banding patterns could only be differentiated between
white or pink and rock shrimp.

s 'xe shr' o ein

Characteristic banding patterns of each species vere
used in identifying the existence of that specific species
in shrimp mixtures. For example, the 79.9kD band of water
extracted rav white shrimp {Fig. 3a! could serve as an
important indicator for the presence of vhite shrimp in a
vhite-rock shrimp mixture. The minor band specific for each
species {66.4, 65.7 or 63.8 kD for pink, white or rock
shrimp, respectively! provided another useful indicator for
species identification. The minor band of the pink and rock
shrimp is resolved enough to distinguish these species  Fig.
3a!. For example, the 58.3 kD band of the rock shrimp  Fig.
3a! provides additional information on the presence of rock
shrimp in a mixture. This sharp band is intense and can be
easily recognized despite the presence of other bands with
similar MW's �6.5 and 57.0 kD for the pink and white
shrimp, respectively!.

The SDS extracts of boiled shrimp demonstrated a genus-
specific pattern  Fig. 4a!. The presence of two
characteristic thick bands �9.1 and 75.9 kD! in section A,
the 26.7 kD band in section B, and the 21.6 and 17.8 kD
bands in section C would indicate the presence of rock
shrimp in a mixture of sample. The 26.7 kD band is
characterized by its intensity in mixture samples. The 21.6
and 17.8 kD bands are unique because they are only found in
the SDS extract of rock shrimp.
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systems, and the information obtained in the previous
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P'R

Figure 3. SDS-PAGE patterns of water extracts  a, left! and SDS
extracts  b, right! of raw pink, white and rock
shrimps and their mixtures �:1 protein ratio!. The
numerical values are molecular weights of the specific
proteins. P, pink; W, white; R, rock shrimp.

P W R std P:W

Figure 4. SDS-PAGE patterns of water extracts  a, left! and SDS
extracts  b, right! of cooked pink, white and rock
shrimps and their mixtures �:1 protein ratio!. The
numerical values are molecular weights of the specific
proteins. P, pink; W, white; R, rock shrimp.
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difference from what was actually present for both raw and
boiled shrimp samples  Table 2! as judged by direct
inspection using the 204 increment ratio for the mixed
extracts as a reference.

CONCLUSION

SDS-PAGE was an effective method to differentiate and
identify species of raw or boiled shrimp. Each species of
raw shrimp demonstrated a characteristic electrophoretic
pattern when extracted with water. Heat-treatment of shrimp
in boiling water for five min caused a loss of water-
extractable proteins. No species-specific gel pattern was
obtained for these samples. SDS greatly increased protein
extractability and the number of proteins on the gel, thus
making the identification of the genus of' heat-treated
shrimp possible. The technique to use SDS-PAGE with
appropriate protein extraction systems to identify shrimp
species was found to be very effective in a blind study. A
maximum error of 10% was encountered to detect, the actual
amount of the individual shrimp in a rock-pink shrimp
mixture.
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FIGURE LEGENDS

Figure 1. SDS-PAGE patterns of raw white shrimp extracted

with water �!, water homogenates with pH

adjustment to 8. 0 �!, 0. 1 M HaC1 �!, 1% SDS �!,

and 8 M urea �!. Protein standards are also

included �!.

Figure 2. SDS-PAGE patterns of cooked white shrimp extracted

with water �!, water homogenates with pH

adjustment to 8.0 �!, 0.1 M NaCl �!, 1% SDS

�!, and 8 M urea �! . Protein standards are also

included �!.

Figure 3. SDS-PAGE patterns of water  a! and SDS  b!

extracts of raw pink, white and rock shrimps and

their mixtures �:1 protein ratio!. The

numerical values are molecular weights of the

specific proteins. P: pink, W: white and R: rock

shrimp.

Figure 4. SDS-PAGE patterns of water  a! and SDS  b!

extracts of cooked pink, white and rock shrimps

and their mixtures �: 1 protein ratio! .

The numerical values are molecular weights of the

specific proteins. P: pink, W: white and

R: rock shrimp.
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SPECIES IDHTIFICATIOI BY ISORLBCTRIC FOCUSIXG

Kellie Haynes
IOAA/HFS/Iational Seafood Inspection Laboratory

P. O. Drawer 1287, Paecagoula, XS 39M8-1287

Seafood is rapidly becoming more important in the American diet. Ia
1986 the per capita consumption reached a record 14.7 pounds and is
expected to increase three perceat annually  Table 1!, Vith an increase
in seafood also comes an increase ia related problems, Species
substitutioa, both inteatioaal and unintentional, ie one of the many
problems. In additioa to causing public health risks, species
substitution is considered economic fraud. Vhen lower economically
valued epeciee of fish are substituted for those of higher value, such as
a grouper or rockfish being substituted for red snapper, consumer
confideace is lowered. Many species carry inherent health risks; when
these fishes are substituted a danger of illness aad even death is
introduced. Because of the maay risks involved a great deal of people
and public interest groups are becoming involved.

There are presently two bills in Congress dealing with seafood
inspection. The Rational Marine Fisheries Service <IMPS! is presently
working on a Model Seafood Surveillance Program mandated by Congress that
would provide a plan for improved inspection and certification of
seafood products in the U,S. Both the bills aad the Model Program are
intended to address all coasumer hazards in the consumption of fishery
products iacludiag the economic fraud issues. More specifically related
to the problem of species substitution, is a joint project being done by
NIPS aad Food and Drug Admiaistratioa  FDA! to develop standardized
market name nomenclature ia the interstate marketiag of seafood
products.

The seafood industry is aot the only group to be iaterested in
species substitution. According to Food Chemical Mews, USDA is
iastituting a program to moaitor for uadeclared species in cooked meat
and poultry products. This indicates the problem of species
substitution ie aot limited to the seafood industry.

BACKGROUID

There are presently four �! methods of epeciee identification
approved by the "Official Methods of Analysis of the Association
ofOfficial Aaalytical Chemists <AOAC! �984 ed!", they are 1! Starch Gel-
Zoae electrophoresie, 2! Acrylamide Disc BLectrophoreeie, 3! Cellulose
Acetate Strip method, aad 4! Polyacrylamide Gel Isoelectric Focusing, Of
the four, isoelectric focusing by polyacrylamide gel is by far the most
desirable. The other three have demonstrated a problem of
reproducability, Vith the ieoelectric focusing method, it ie not
necessary to analyze a known sample and an unknown sample
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simultaneously. A "bank" of Known samples can be prepared aad
photographed for later comparison. This saves a great deal of time aad
effort.

The Isoelectric Pocusiag method utilizes an LKB 2117 multiphor for
electrophoresis <or equivalent apparatus!. The sample is prepared by
grinding 1 gram of fish with 5 milliliters of water then it is
centrifuged for 28 minutes to extract the proteins. The protein solutioa

Table 1. U.S. Per Capita Consumption of Commercial Fish aad
Shellfish, 1968-86.

Civilian
resident

population
July 1

Per ca ita cons tion
Fresh

and
frozen Canned Cured Total

Million
Pounds edible

IRecord.

Note: � These consumptioa figures refer only to consumptioa of fish
and shellfish entering commercial channels, and they do not include
data on consumption of recreationally caught fish aad shellfish
which since 1978 is estimated to be betweea 3 to 4 pounds <edible
meat! per person annually. The figures are calculated on the basis
of raw edible meat, i,e. excluding bones, viscera, shells, etc.
Prom 1978 through 1988, data were revised to reflect the results of
the 1988 census.
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1968

1978
1971
1972
1973
1974
1975
1976
1977 �!
1978 �!
19'79 <1!
1988 <1!
1981 <1!
1982 �!
1983 �!
1984 <1!
1985 <1!
1986 �!

178.1
281.9
284.9
287 ' 5
189.6
211. 6
213.8
215.9
218.1

228.5

223.8
225.6
22'7. 7
229.9
232.8
234,8
237.8
239,4

5,7

, 6.9
6.7
7.1
7.4
6.9
7.5
8.2
7.7

8.1

7.8
8,8
7.8
7.7

8.8
8.5

I9.8
9,8

4.8
4.5
4.3

. 4,9
5.8
4,7
4.3
4,2
4.6,

5.8

4.8
4.5
4,8
4.3

4 ' 8
4.9
5.1
5.4

8.6

.4

,5
,5
.4

,5
.4
~ 5
.4

.3

,4

.3
,3
.3
.3
,3
.3
,3

18.3

11.8
11,5
12.5

,12.8
12.1
12.2
12.9
12.7

13.4

13.8

12,8
12,9
12.3
13.1
13,7
14,4

I14,7



is placed oa the gel and a constant power supply of 38 watts is applied
for 90 minutes. Vhen the proteins reach their isoelectric point a
biochemical "fingerprint" is produced. The gel then undergoes a series
of fixing, staining then destaining steps. At the end of this process
the gel can be photographed using a specialized type of Kodak paper which
can be easily stored,

RESULTS

hs part of its routiae laboratory mission, in 1986 the Rational
Seafood Inspection Laboratory <XSIL! analyzed a total of 18 samples by
isoelectric focusiag. Of these, 15 were labeled incorrectly. In other
words, some other species had been substituted for the species' indicated
on the label. Ia 1987 a total of 26 samples were analyzed with 14 of
these being substituted. Table two summarizes these results ia
percentage form.

Table 2. Total Samples Analyzed for Species Identificatioa by
Isoelectric Focusiag.

Year Percent Substituted Percent aot Substituted

2985
1987

83%
87%

27%
23'L

Here at II'SIL we have developed a "bank" of authentic samples that
are oftea substituted. Ve have amassed approximately 58 species from all
regioas of the country. Vith regard to samples analyzed here, red drum
and red snapper have been substituted for most often.

SUMMARY

Our analyses show a large percentage of fish are being substituted.
This indicates that more testing aad inspection is anticipated. Also
with the hazards involved with the polyacrylamide gel a aew aad safer
method of analysis needs to be developed,
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There is oae drawback to using the acrylamide gel isoelectric
focusing method. The acrylamide gels contain traces of the acrylamide
monomer which is harmful if absorbed through the skin. Because of this
the AOAC method includes a warning. Ia 1983, Ronald C. Lundstrum of KXFS
northeast Fisheries Center in Gloucester, %l conducted, a collaborative
study using Agarose gels. These gels demonstrated an average. of 84'L
accuracy and have the added advaatage of a 38 minute protein separation
step. The results of the study were not good enough to recommend the
method for official first action in the AOAC, however this appears to be
a promising method for future study.



AVOIDANCE COSTS DUE TO PUBLIC AWARENESS OF
CIGUATERA FISH POISONINGS IN FLORIDA AND HAWAII

Myles Raizin and Malcolm Meaburn
National Marine Fisheries Service, NOAA, SEFC

Charleston Laboratory, P.O. Box 12607, Charleston, SC 29412

I NTRODUCT I ON

Ciguatera fish poisoning is a corrmron food-borne illness which
affects the health of consumers and the economy of fisheries around the
world. Ciguatera is caused by eating fish that contain a virulent,
naturally occurring toxin or toxins usually referred to as ciguatoxin.
The toxin s! accumulate under generally unpredictable environmental con-
ditions in the flesh of commercially important reef-associated fishes
from tropical and sub-tropical waters. The overall ciguatera problem
has been summarized by Ragelis �984!. Studies on the impact of
ciguatera on public health and local economies in endemic areas of the
Caribbean  De Motta et al. 1986! and Pacific  Lewis, 1986! serve to
illustrate the severity of the problem. Ciguatera was reported to be
the most corrmrron seafood-borne illness in the United States between 197S
and 1979  MMWR, 1980!, with Hawaii and Dade County, Florida, accounting
for the majority of documented cases during this period. It has been
estimated that the annual incidence of ciguatera in the Miami, Florida,
area alone may be as high as five cases per ten thousand population
 Lawrence et al, 1980!.

There is currently no reliable and easily applied test for
detecting ciguatoxic fish. Protective measures are based primarily on
resource management procedures, e.g., prohibition of fishing in waters
believed to harbor the progenitors of ciguatoxin. The continuing
outbreaks of ciguatera in the United States demonstrate the ineffec-
tiveness of this approach. The provision of a test to prevent toxic
fish from reaching the marketplace would do much to reduce the incidence
of ciguatera and to minimize negative consumer perceptions about the
s af ety of seaf ood.

The objective of this study is to determine if consumer avoidance
due to the threat of ciguatera poisoning had resulted in a significant
economic cost to producers at the ex-vessel grouper and snapper markets
in Hawaii and on the east coast of Florida. Avoidance costs in the con-
text of this paper are the costs to producers that accrue due to con-
sumer avoidance of ciguatoxic finfish. We chose the snapper/grouper
fisheries of eastern Florida and Hawaii for analysis. However, the
methodology to determine these costs may be used to estimate the effects
of consumer avoidance at the ex-vessel market for any species of finfish
or shellfish due to adverse health effects.
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Shulstad and Stoevener {1978! and Schwartz and Strand �981! pre-
sented methods to determine the impacts that public news items may have
had on demand for pheasant hunting and shellfish, respectively, by
measuring changes in the intensity and scope of information relative to
actual levels of avoidance in the marketplace. In our analyses, we were
concerned only with the timing of the release of information, not its
intensity and scope. The basic hypothesis tested in this study was:
when the public fs aware of a risk to fts health from eating grouper or
snapper which may contain ciguatoxin, it will avoid consuming these fish
at prices which prevailed when the public was unaware of the risk.

We begin with a discuss1on of risk profiles, biased risk percep-
tion, and avoidance costs. While rfsk is not directly used in esti-
mat1ng avoidance costs ft is the essential concept that determines the
magnitude of these costs. This section is followed by the model estima-
tion, including methodology and interpretation of the results, which fn
turn is followed by our summary and conclus1ons.

RISK PROFILES

Risk is a mathematically derived concept that uses probabilities.
In the example of tossing a coin, the total probability is 1.0 and the
probability of e1ther heads or tails is 0.5. With these probabilities,
we can quant1fy the coin toss and relate ft to economic choice by deter-
mining expected gain or loss from the toss. If we assigned a prize of
$100 for correctly guessing the coin toss, we can derive an expected
ga1n of $50 �00 x 0.5! for each toss of the coin.

Let us introduce the human element to our game. Suppose the lot-
tery master asked for the highest amount of money that each person in
the audience would be willing to wager on the outcome of one toss to win
the grand prize of $100. Let us further assume that secret bids are
taken and that only the highest bidder will be able to play the game.
It would be folly to bid over $50 for an infinite number of tosses, but
in the case of a single toss our game will reveal to us three d1fferent
risk profiles. Those who bfd under $50 are cons1dered to be risk aver-
ters. The risk averse person will never bid more than his expsctepe
gain. In fact, the risk averter might be w1lling to pay up to $50 not
to play the game. This would allow him to transfer the risk, the basis
for insurance. Alternatively, those who bid over $50 are considered
risk takers. These individuals will assume risk rather than pass it on.

$
These 1ndivfduals nei7fier assume nor transfer risk.

The r1sk prof11e as discussed above is influenced by individual
choice and may be derived from one's utility function. An indiv1dual
may be both a risk taker when smoking ci~qarettes and risk averter when
buck 1 i ng up hi s seat belt or vi ce-versa. ~
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BIASED RISK PERCEPTION

The perception of health risk and true health risk may vary
depending upon toxicity of the transmitting agent, epidemiological data
and projections, and media exposure �nformation!. It was once thought
that large populations would tend on the average to be risk neutral in
regard to their perceptions of health risk, i.e., the mean risk profile
of large population would tend to view the expected value of the gain
from avoiding disease as a maximizing level of utility of their health.

Recent psychological studies on biased perceptions of risk, such as
that of Lichtenstein et al. �978!, indicate that individuals tend to
overestimate risks of reLatively infrequent events, e.g., death from
botulism, and underest1mate risks of more frequent events, e.g., death
fram heart disease. Also, ind~viduals have a tendency to overestimate
certain risks characterized by wide media exposure, memorability, or
uniqueness of various events.

Tversky and Kahneman �981! conducted a study on preference rever-
sal based on paired lotteries with unique expected values. They found
that partic1pants in the study when given a choice would prefer not to
gamble on probable losses and accept sure gains even though the ga1ns
were quite ~ess than the expected value of the lotter1es. This study
revealed that even though erfect information is ava11able, the wording
of the information may ef e c oice.

The theory of cognitive dissonance as advanced by Akerlof and
Dickens �982! may be the most important of the several theories con-
cerning risk perception and economic consequences. It is based on the
concepts that individuals not only have preferences with respect to the
states of the world, but also have preferences regarding the specific
beliefs they hold, even if these beliefs contradict ava11able infor-
mat1on. Individuals, after making a decision systematically, held
stronger beliefs than those who were on the verge of making a choice
even when there has been no new 1nformation. Akerlof and Dickens �982!
cite examples of benzene workers who denied they were working with
dangerous chemicals and nuclear plant workers who were given badges but
failed to wear them to measure radiation exposure. Cognit1ve disso-
nance, in part, explains why individuals' revealed preference in the
market may not reflect true health risk and avoidance costs may include
a risk aversion premium depending upon individual beliefs, regardless of
the information available to them.

A problem in calculating a risk aversion premiu~ for the threat of
ciguatera poisoning is that the health risk associated with consuming
snapper and grouper is not known. For example, it is assumed that for
Canadians, only one case of ciguatera poisoning in twenty-five is
reported  Hanschild and Bryan, 1980! and by assumption, only one case in
ten during 1974 to 1976 was reported to the Dade county  Miami!
Department of Public Health  Lawrence et al., 1980!. Me cannot expect

569



the consuming public to make informed dec1sions regarding their personal
safety if true health risk is not known. Therefore, if we define a risk
aversion premium as the difference between the cost of a health risk and
avoidance cost, and health risk is underestimated, we may discover that
the consuming public in aggregate has reacted in a risk neutral or even
risk-tak1ng manner vis-a-vis true health r1sk. Underestimation of
health risk could thus have serious public health consequences.
Alternatively, if health r1sk is overest1mated, consumers may react in a
more risk-averse manner which may have a severe economic impact on the
fishing industry. Unfortunately, it is not possible to separate out
that port1on of the risk aversion premium that is caused by biased risk
percepti on.

Economic theory tells us that the consumer will max1mize his uti-
lity subject to his income and the prices of goods he desires. We
assume that the consumer is act1ng in a rational manner v1s-a-v1s these
parameters. When an element of health risk is 1ntroduced, the con-
sumer's utility for a good may decrease if not d1minish to zero. If his
r1sk perception is b1ased, this may cause the consumer to act irra-
tionally from the v1ewpoint of society even though he as an individual
may believe he is maxim1zing his utility. This is espec1ally true in
light of the theory of cognitive dissonance where the consumer may
derive satisfaction from not consuming.

AVOIDANCE COSTS

Swartz and Strand �981! showed that avoidance costs vary with
intensity of information. While this may be true, we recognize also the
contributions of biased risk perception and cognitive dissonance to the
magnitude of these costs. If we assume the general public to be risk
averse in relation to their health, avoidance costs w111 certainly be
larger than if they were risk neutral and such costs may be more
i nfl u en ced by i nf ormati on.

A classic example of avoidance costs associated with health risk is
the recent pharmaceutical capsule scare. The actual risk of poisoning
was quite small yet an entire industry was forced to alter its product
form and packaging requirements. In fact, the entire food and phar-
maceutical industries spent large sums of money to reduce avoidance
costs due to biased risk perception. A further example of biased risk
perception arose in Puerto Rico in 1981 when amberjack and barracuda
were banned from sale due to several documented cases of ciguatera
poisoning attributable to these species  San Juan Star Magazine, 1981!.
A poll of restaurateurs revealed that snapper and grouper sales
decreased approximately 5� even though these species were not impli-
cated in poisonings and consumers were well informed of this fact.
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MODELS TO DETERMINE AVOIDANCE COSTS

1. The Sna er and Grou er Ex-Vessel Markets of Eastern Florida and
awai

Several species of snapper and grouper are landed with regularity
on the east coast of Florida from Miami in the south to Jacksonville in
the north. These fish are generally channeled through coastal dealers
to wholesalers or retailers very quickly in either a fresh whole iced or
fresh fillet basis  Prochaska and Keithly, 1984!. In the absence of
auct1on markets, prices generally are negotiated between buyer and
seller ex-ante through forward contracting. A substantial portion of
the snapper catch is marketed to the Midwest and Northeast wh1le grouper
is, for the most part, consumed on the East Coast and is likely to
appear on the menus of popular restaurants in the coastal reg1on.

In Hawaii, all snapper and grouper are consumed very close to their
source. While bilateral exchange w1th negotiated pricing similar to
Flor1da takes place in the Hawaiian Islands, the bottom fish market
which includes snapper and grouper operates around an auction which is
the basis for price determination  Pooley, 1978!. Snapper has become
economically important especially for the restaurant trade and for con-
sumption during holiday periods. Alternatively, grouper 1s viewed to be
of lesser quality and economically inferior to snapper. Therefore, the
majority of grouper is consumed at home.

2 ~

Avoidance costs in these ex-vessel markets were estimated by
observ1ng demand shifts in the periods when the public was informed of
articles of ciguatera poisoning incidents. Articles from the M1ami
Herald and the Miami News for the years 1977 to 1985  Table 1!, and the
Honolulu-Advertiser and Honolulu Star Bulletin for the years 1977 to
1984  Table 2!, were used as proxies for public awareness of ciguatera
poi sonings.

Inverse demand curves were est~mated using monthly data. These
demand curves included a binary dummy variable with a value of 1 for the
months when informat1on on ciguatera poisoning was publ1shed and with a
value of 0 for all other months. The dummy variable was lagged until
its estimated coeffic1ent was no longer significant. This technique is
suggested by Johnston �984! in cases where the number of lagged periods
i s indeterminate.

The model specifications for the two markets differed in that a
partial equilibrium adjustment model  Wang, 1984! was used for the east
coast of Flor1da while the tradit1onal equilibrium model  Crutchfield,
1983! was used for Hawaii. The partial equilibrium model is used when
prices do not adjust easily to changes in exogenous variables and are
very much influenced by prices in previous periods. Wh~le this model
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lacks simultaneity, the traditional model assumes that prices and quan-
tities are instantly equilibrated. However, both models reflect the
very different pricing structures of the two geographic areas selected
for this study. Since price dependent models were used, by definition
it was assumed that quantities were predetermined or fixed during each
period. The estimation of inverse demand curves at the ex-vesse1 level
is not unusual  Wang, 1984, and Crutchfield, 1983!. It was also shown
in a recent article by Squires �986!, that product supply curves for
fishery producers tend to be extremely inelastic in the short run.

The equations were estimated using AR1, a maximum likelihood itera-
tive technique  Beach and MacKfnnon, 1978!. This technique was used
because ordinary least squares regression yielded first order serial
correlation of the error term which produced biased estfmators.
Furthermore, the ordinary least squares technique will yield incon-
sistent estimators for an equation with a lagged dependent variable and
autocorrelated disturbances  Johnston, 1984!.

The models addressed the following hypotheses:

�! Consumers significantly avoid eating snapper or grouper
at prevailig prices when these species are fmplicated as
poisoning agents.

�! Consumers sfgnificantly avoid eating snapper or grouper
at prevai ling prices when these species are not impli-
cated as the poisoning agent, but mentfoned as possible
transmitters of the toxin.

�! Consumers significantly avoid eating snapper or grouper
at prevailing prices when these species are not impli-
cated as the poisoning agent and are not mentioned as
possible transmitters of the toxin.

A sub-hypothesis for each of the above was also addressed as
f ol 1 ows:

There is a significant and measurable lag effect
associated with this avoidance.

Table 1 gives the dates of newspaper articles for Florida and the
species implicated or mentioned. Seven of the sixteen newspaper
a rt i cl es i dent i f i ed grou pe r as the speci es imp 1 i cat ed i n poi soni ngs,
while only three identified snapper. Other implicated species included
b a rracuda and ambe r jack.

Table 2 provides the dates for Hawaii and the species implicated.
Note that grouper was not implicated nor specifically mentioned in these
newspaper articles and snapper was implicated only one time.

572



l. Articles reporting ciguatera involvement on the east coast of
Florida. >

Table

Month/Year S ecies Im licated Sna er or Grou er Mentioned

Grouper
Grouper

Grouper

Grouper

Grouper

Grouper

1 Miami Herald and Miami News, 1977-1985.

Table 2. Articles reporting ciguatera involvement in Hawaii.1

Sna er or Grou er MentionedS ecies Im licatedMonth/Year

NA9/78

NA

NA
NA

10/78
11/78
3/79

NA4/79

NA
NA

NA

NA

NA

NA

NA

NA

11/79
6/80
9/80
12/80
9/81
10/83
9/84
12/84

1 Honolulu Star Bulletin and Honolulu Advertiser, 1977-1984.
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11/77
12/77
2/78
5/78
6/79
11/79
1/80
5/80
7/80
3/82
5/82
10/84
4/85
6/85
9/85

Grouper
Non-specific
Amberjack
Grouper
Snapper
Non-specific
Snappe~
Non-specific
Grouper
Barracuda

Grouper
Grouper
Snapper, Grouper
Grouper
Barracuda

Non-specific  small
reef fish!

Marquesian sardine
Marquesian sar dine
Jack, Goatfish, Mullet

Snapper
Non-specific  reef

fish!
Non-specific
Non-specific
Bonito, non-specific
Goatfish
wrasse
Non-specific
Surgeon fish
Non-specific  reef

fish!

Snapper
Snapper,
Snapper,
Snapper
NA
Snapper,
Grouper
Snapper,
Snapper
Snapper,
Snapper
Snapper
NA

Snapper
Snapper,



According to a national survey of fish consumption conducted on
behalf of the National Marine Fisheries Service in 1980-81, 60 percent
of grouper was eaten away from home compared to 26 percent of snapper.
This trend appears to reflect consumption patterns for fish landed in
Florida. However, the trend is reversed in Hawaii where snapper is the
fish of choice in restaurants  Pooley, 1978!. Due to these different
consumption patterns our measures of income are necessarily different.
These characteristics are reflected in our models.

3. East Coast Florida Model

The following are functional form equations with expected signs
used to estimate avoidance costs in the east coast of Florida. Table 3
indicates the variable specifications used in both models.

I! GPt =  - L Stj -SN St, + t,  t 1!, t, -DGt, ... -DG t n!

2! GPt = f -GLBSt, -SNPLBSt, +Yt, KP t ]!, +St, -DDGt, ... -DDG t-n!

3! SPt = f -SLBSt, -GRPLBSt, +RYt, +SP t ]!, +St, -DSt, ... -DS t n!

1! GP~ -5.94 - 0.22 GLB! - 0.13 SNPLBS + 1.06Y
 -1.03!  -1.84!  -4.84!* �.55!*

+0.45 gPt 1 +2 ~ 00 S - 3 ~ 06 DG - 0. 76 DGt 1
�.40! �.55!* �.76!*  -0.85!

F = 74.36*
�,99!

R2 = 0.84 h= 0.21

RHO after 4 iterations = 0.12

2! GP= -7.65 - 0.26 G!BS - 0.11 SNPLSS + 1.02 Y �
 -1. 31!  -2.16!  -3. 95! *  +4. 34!*

- 2.09 DDG
 -1.93!*

- 1.99 DGGt 1
 -1.82!

+0.51 GPt 1+1.70 S
�.22!* �.20!*

-0.22 DGGt 2
�.19!

= 65.40*R2 0 85 h=o ~ 22F

 8,98!

RHO after 4 iterations = -0.13
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4! SPt f -SLBSt, -GRPLBSt, +RYt, +SP t 1!, +St, -DDSt, ~ .. -DDS t n!

3.a. Estimated Equations~~



Table 3. Variable specif1cations ~

Variable

GPt Price of grouper in cents per pound in per1od t.

Price of snapper in cents per pound in period t.SPt

G18si Landings of grouper in thousands of pounds in
period t.

Landings of snapper in thousands of pounds in
period t.

S LBSt

S NPLB St Total landings of snapper in thousands of pounds in
Florida in period t.

GRPLBSt Total landings of grouper in thousands of pounds in
Florida in period t.

Yt Personal income spent in restaurants in thousands
of dollars in period t.

RYt Personal income spent f' or fish in retail outlets
in thousands of dollars.

Dummy fear avoidancq costs in period t
For ECF~~, DG~I when grouper mentioned, else=0
For Hawa1i, DG I for ciguatera article, else=0

0GGt Dummy for avoidance costs in period t
For ECF, DBG 1 when grouper 1ndicated, else=0

DSt Dummy for avoidance costs 1n period t
For ECF, DS I when snapper mentioned, else=0
For Hawaii, DG I for ciguatera article, else=0

DSSt Dummy for avoidance costs in period t
For ECF, DSS=I when snapper mentioned, elso=0

st Seasonal dumnIy 1n period t,
For ECF, S=l for February to June, else=0
For Hawaii, S=l for December, else=0

Z~ East Coast of Florida
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3! SP= 14.91 �- 0.91 SI,BS - 0.05 GRPLBS + 2.89 Rg
�. 14!  -3. 64!  -2. 34! * � ~ 18!

+ 0.70 SPt 1 + 1.04 S - .005 DS
 9. 53! �.17!  -.004!

R2 = 088 = 112.58F

�,100!
h= -0.16

RHO af ter 5 i terat i ons = 0. 27

4! SP 14.8g - 0.90 SLCIS - 0.05 GRPLBS + 2.85 RY
  3. 12!  -3. 63!  -2. 37! * �.21! *

+ 0.70 SPt 1 + 1.05 S - 1.14 DSS
 9.62! * �.19!  -0.47!

~R = 0.88 F

�,100!
i 112.87 h= -0.16

RHO after 4 iterations -0.27

3.b. Inter retation of the Estimated E uations
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All equations showed a high level of explanatory power of the
exogenous variables on princes  %2!, a statistically significant rela-
tionship  F!, and an absence of serial correlation  h!. All signs are
consistent with economic theory. All variables are significant with the
exceptions of the seasonality variables in Equations 3 and 4 and the
final avoidance variables. All variables with the exception of the
dummy variables represent the change fn price caused by a one unit
change fn an external variable, e.g., in Equation 1, a one thousand
pound increase in quantity demanded of grouper will cause the price of
grouper to decrease 0.22 cents. However, the dummy variables represent
the absolute change in price caused by seasonality or consumer
avoidance. Table 4 shows the dollar amounts associated with consumer
avoidance of grouper on the east coast of Florida. These were calcu-
lated by multiplying the estimated coefficient of the avoidance dummy by
quantity demanded in the periods when newspaper articles appeared. The
average decreyse in price when grouper was owly mentioned was approxima-
tely 10 cents~~ for the months that the newspaper articles appeared
while average prices decreased 7 cents for months when the species was
implicated in a poisoning, followed by approximately 7 cents decrease in
the first lagged month. Snapper, however, showed no significant
decrease fn price during periods of public awareness.



4. Avoidance costs for grouper producers on the east coast of
Fl orida {in 1986 dollars!

Table

Nonth/Year Grou er Nentioned Grou er Im licated Total Revenue

2432

35605087
4615

7447

6556
5702

7983
8793

5045
2869

7706

6873

3997
1669
1553
5884
4529
4235
4528

3840

 fnTabl e 1986

Total RevenueNonth/Year
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11/77
12/77
2/78
5/78
6/78
11/79
1/80
5/80
7/80
8/80
3/82
5/82
6/82
10/84
11/84
4/85
5/85
6/85
7/85
9/85

9/78
10/78
11/78
12/78
3/79
4/79
5/79
11/79
12/79
6/80
7/80
9/80
10/80
12/80
1/81
9/81
10/81
10/83
11/83
9/84
10/84
12/84

5. Avoidance costs for grouper producers in Hawaii
dollars!

Other S ecies Nentioned or Im licated

857
2020
3264
2 188
1806
2646

745

338
698

536

733
318

198
769
441

295

885
121

1209

641
1266

808

39007

58596
62566

132817
113811

68737

105344
103642

82738

52026

102150
112620

59523
38148
34407

149628

97722
92252

101228
62520

13429
11627

18657
19696
28299

15129
6709
5294
6286

8403

6604
4986

1788
12043

3969
4621
7972
1897

10884

10056
11395

12674



4. Hawaiian Model

Functional form equations with expected signs used to estimate
avoidance costs in Hawaii are:

1! ln GP = ln -GLBSt, +RYt, +St,-DGt,..........-DG t n!!

2! ln SP = ln -SLBSt +Yt,eSt -DSt " ''''''' "  t-n

4.a. Estimated e uations

1! GP ~ 1.69-0.13 GLBS + 0.42 RY + 0.04S - 0.06 DG

�.15!  -5.80!* �.38!* �.81!  -1.38!*

-0.10 DBt 1 + .05 DGt 2

�.19!* �.11!

R2 = 0.67 F� 89! = 30.74 d = 1.92

R HO after 2 iterations = 0. 58

2! SP ~ 3 76 - 0 28 SLBS + 1 G8 Y + 0.10 S - 0 01 DS

 -0.64!  -7.03! * �,89!* �.02! *  -0. 37!

R2 ~ 0.63 F = 39.18 d = 1.96
�,91!

RHO after 2 iterations = 0.43

4.b. Inte retation of the Estimated E uation
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Both equations showed an acceptable level of explanatory power of
the exogenous variables on price  F~!, a significant relationship  F!,
and an absence of serial correlation  d!. Nth the exception of the
dummy variables, the estimated coefficients for the double log form
equation are interpreted as percentage changes in price caused by a one
percent increase in an explanatory variable. The estimated coefficients
of the dummy variables show us percentage changes i n price caused by
seasonal variation or public awareness of ciguatera poisonings, e.g., an
estimated coefficient of -0.10 translates to a 10 percent decrease in
price on average. Avoidance costs for grouper associated with ciguatera
news releases are found in Table 5. These were calculated by estimating
what prices would have been without decreases due to consumer avoidance.
For example, to calculate a 10 percent decrease, prices must have been
approximately 11.1'l higher. The following equation was used to calcu-
late a 1� decrease in price: GP/0.9 - GP = x, where x = price dif-
ferential. These price differentials were then multiplied by quantity



demanded in each period. Unlike the Florida case, grouper was not men-
tioned or implicated during the eight year period, yet significant
avoidance costs for producers of grouper occurred in the month the
article appeared and the following month. This result is not surprising
considering the aforementioned costs incurred by the pharmaceutica1
industry of the United States and the fishing industry of Puerto Rico
for products not directly implicated in poisoning events. Decreases in
snapper price were insignificant for months when the public was aware of
poi soning events.

SUMMARY AND CONCLUSIONS

We conclude from our study that significant revenue losses asso-
ciated with ciguatera do exist for grouper producers in Hawaii and on
the east coast of Florida. During periods of public awareness consumers
avoided purchasing grouper at prevailing prices, thus causing a decrease
in the value of the product. While the results are conclusive, the
reader should be aware that regression analysis yields only approxi-
mations. The true coefficient of our parameter may vary within the
range of our confidence levels depending upon the standard error in
relation to the estimated coefficient wi th the estimated coe f f i ci ent
being an average or mean value.

In regard to avoidance costs, we show in Figure I that producer
willing-ness to pay to prevent avoidance costs can be estimated by
measuring the decrease in producer rents  rectangle A-8-C-0! resulting

.from a downward shift of the demand curve. However, only the triangle
A-B-D represents net welfare loss to society  social costs! while the
triangle A-C-D represents the transfer of producer rents to consumer
surplus. These avoidance costs could be drastically reduced if
ciguatoxic fish were kept from the marketplace. This could be
accomplished through an improved inspection system employing a re1iable
test for toxic fish.

If we were to use our results in a cost-benefit analysis, other
factors beside welfare loss due to price changes may be included as
social costs. For instance, days lost due to illness and medical costs
may be viewed as social losses. In a cost benefit approach, the elimi-
nation of social costs are viewed as a benefit to society and the
funding of projects are contingent upon the magnitude of these costs.

To truly assess the risk profile of the general population
regarding the threat of ciguatera poisoning, we first need reliable epi-
demiological information regarding the incidence of ciguatera due to
consumption of contaminated species of finfish. We believe that this
information is vital to both the physical well-being of the consumer and
the economic well-being of the affected segments of the fishing
industry. We advise caution when making estimates of the incidence rate
.of ciguatera poisoning since overestimates may cause consumers to lose
utility for the suspected species involved and may cause producers to
experience diminished profitability.
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FOOTNOTES

1i For a more thorough discussion see Von Neumann and Norgenstern
�947! .

~i An asterisk indicates significance at the 0.10 level  one-tail
t-test!. The h-statistic is used to test for serial correlation in
the presence of an exogenous lagged dependent variable  Johnston,
1984 and Wang, 1984!.

>i All price changes are expressed in 1986 cents.
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ENHANCED ISOLATION OF PLESIOMONAS SHIGELLOIDES USING
AN ENRICHMENT TECHNIQUE AND FACTORS INFLUENCING ITS RECOVERY FROM RAW

OYSTERS

Susan M. Freund, John A. Koburger, W. Steven Otwell
and Cheng-i Wei

Food Science and Human Nutrition Department
University of Florida
Gainesville, FL 32611

INTRODUCTION

bacterial rod isolated from many aquatic sites worldwide �,2,7!. It
is a suspected opportunistic pathogen causing the classic symptoms of
gastroenteritis and more rarely meningitis or septicemia in infants

with outbreaks of gastrointestinal illness. Twenty-nine people became
ill in a 6 day period after consuming raw oysters from Apalachicola
Bay. Illness occurred approximately 24-30 hours after ingestion and
symptoms lasted a median of 5 days  8!.

pathogen, found most commonly in fresh surface waters �7! and it has
also been isolated from a variety of animals including many types of
fish and crustaceans as well as wild and domestic mammals and birds
�,9!. Seasonal variation has been reported with Plesiomonas being

Inositol brilliant green bile salts agar  IBB! has been
recommended for Aeromonas and Plesiomonas �6!. Miller and Koburger
 9! recommended the use of both IBB and plesiomonas agar for

samples was highest using IBB, but in laboratory controlled studies
they found plesiomonas agar to be better at isolating injured
organisms.

Various enrichment broths have been used to enhance the recovery
of Plesiomonas. Gram negative  GN! broth in combination with some
enteric agars has been tried �,13!, but these researchers indicated
that direct plating was still more effective. Von Gravenitz and
Bucher �0! suggested enrichment in alkaline peptone water  APW! was
superior to direct plating at low coliform to Flesiomonas ratios.
Millership and Chattophady �2! also reported that APW incubation
before plating on IBB improved isolation for Aeromonas when its ratio
to coliforms was I;10 or less, but in the case of Plesiomonas, no
isolates could be recovered using APW. Direct plating in this
instance was more effective. Tetrathionate broth has been shown to be
helpful for the recovery of Plesiomonas ~ Comparison of tetrathionate
broth  TT! with and without the addi.tion of iodine showed that TT
without iodine increased Plesiomonas recovery on Salmonella-Shigella
agar, but highest isolation of this organism was achieved after direct
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plating onto MacConkey s agar �9!. A series of incubation times,
ranging from 6-24 hours, and temperatures ranging from 24-45 C have0

been tried using these broths and plating media. The general trend
seems to be toward the use of higher incubation temperatures in that
they reduce the problem of competing bacteria growing in the various
media �,19! ~

In this study, five enrichment media were compared to the direct
plating method described by Miller and Koburger  9! for the recovery
of Plesiomonas from environmental water samples. The development of a
more sensitive isolation procedure could enhance the detection of
Plesiomonas in samples, such as oysters, where it may have previously
been unnoticed. This would lead to a better understanding of this
organism s ecology as well as its survivability and resusitation in
both environmental and clinical situations.

MATERIALS AND METHODS

Water samples were collected from five freshwater sites in
Gainesville, Florida. The sites included Lake Wauberg, Lake Alice,
Newnan s Lake, Hogtown Creek, and a small pond. The samples were
collected in sterile whirl-pak bags and transported immediately to the
laboratory. Analysis was performed on the day of collection. This
procedure was repeated on 5 different days between January and June of
1986.

Enrichment Broths

The five enrichment broths included: gram negative broth  GN!,
alkaline peptone water  APW, 18!, tetrathionate broth without the
addition of iodine  TT!, a plesiomonas enrichment broth  PLE! and a
modified plesiomonas enrichment broth  mod PLE!. The PLE is comprised
of ammonium nitrate 0.1%, inositol 0.2X, yeast extract 0 ' 05X,
potassium phosphate 0.5X, magnesium sulfate 0.02X and bile salts 0.1X.
The modified PLE is the same as PLE, but contains less inositol
�-1X! ~ The pH is adjusted to 7 ' 6 for both PLE and mod PLE.

The two plating media used were inositol brilliant green bile
salts agar  IBB, 17! and plesiomonas agar  PL, 9! ~

Enrichment Procedure

Ten ml of each water sample was inoculated in duplicate into 90
ml portions of each of the five test broths. After mixing, one of
the duplicate broth samples was incubated at 35 C and the other at0

40 C for 18 hours. The enriched samples were each streaked onto both
0
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PL agar and IBB agar plates and incubated at 35 C for 24-48 hours.0

Presumptive counts of typical Plesiomonas colonies were done and the
total number of colonies counted. The rate of isolation of
Plesiomonas was expressed as the ratio of total number of Plesiomonas
colonies to the total number of bacterial colonies on the plates.

Direct Platin Procedure

The water samples were serially diluted using Butterfield s
phosphate buffer �8! before being surface inocuLated directly onto
IBB and PL agars. The plates were incubated at 35 C for 24-48 hours0

and presumptive Plesiomonas colonies were counted.

Confirmation

Presumptive Plesiomonas isolates obtained from broth enrichment
and direct plating were confirmed. Plesiomonas is alkaline over acid
on Triple Sugar Iron agar slants. It i.s able to ferment inositol
without the production of gas and cannot hydrolyze gelatin in Inositol
Gelatin Deeps  9,17!. It is oxidase positive.

The enrichment method determined to be superior from the
environmental water study was applied to both commerciaLLy packaged
raw oyster meats as well as fresh unshucked raw oysters. The shell
oysters were purchased from various retail stores and were shucked in
the laboratory in as sterile a manner as possible. The commercially
shucked oysters are packaged in plastic containers raw and without
further processing.

Enrichment Broths

The oyster meats were diluted with Butterfield s phosphate buffer
in a 1:1 ratio and blended for 3 minutes. Homogenates were then
further diluted and O.lml was surface inoculated onto PL and IBB
agars. Also 10 ml aliquots were inoculated into 90 ml portions of the
various test brothe and incubated for 18 hours at 40 C.

0

Pure Culture Studies

A series of tests using a pure culture inoculum of Plesiomonas
were aLso performed to determine the sensitivity of the method.
Oyster samples were spiked with various levels of Plesiomonas culture
inocula. The Plesiomonas cultures were grown overnight in Brain Heart

The bacterium was added to oyster samples before and after blending.
The spiked oyster samples were serially diluted and inoculated in
tetrathionate broth as described above.
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Competing Bacteria

Bacteria found commonly on the solid plating media were isolated
and identified using an Oxi-Perm or an Enterotube determination.
Equal volumes of pure Plesiomonas culture and the competing organisms,
Klebsiella and Pseudomonas, were mixed in and plated directly as well
as inoculated into tetrathionate broth to determine the effects of
competition.

Statistical Anal sis

A 5 K 3 factorial design analysis of variance using the General
Linear Models Procedure in the Statistical Analysis System �5! was
applied to compare the relative effectiveness of the broths in

between broths were determined by the Least Significant Difference
 LSD! t-test.

RESULTS AND DISCUSSION

Recoveries of Plesiomonas on IBB and PL agars from the water
samples for each of the five test broths are shown in Table 1. The
values range from 0.04Z to 69K of the total colonies being
Plesiomonas. Comparison of the five enrichment broths revealed
tetrathionate to be significantly  p<0.05! superior to all others
tested, either at the two incubation temperatures or on the two
isolation media. The only other broth that gave a significantly
higher recovery rate was the alkaline peptone water  APW! at 40 C on
plesiomonas agar, but this value was still significantly  p<0.05!
lower than that of tetrathionate under the same conditions. Other
researchers have noted some success using tetrathionate enrichment.
As previously mentioned, VanDamme and Vandepitte {19! reported that
tetrathionate broth without iodine was superior to tetrathionate with
iodine as an enrichment step before plating on Salmonella-Shigella
 SS! agar, although they indicated that direct plating on MacConkey s
agar achieved a higher isolation rate. Alkaline peptone water is also
cited in a number of references for Plesiomonas enrichment �,12!, but
again these workers recommended direct plating over enrichment.

It is interesting to note that generally IBB appeared to be a
better medium for the recovery of Plesiomonas when the numbers of
Plesiomonas in the samples were low. This was true with GN, APW, PLE,

was the case following tetrathionate enrichment, plesiomonas agar
0proved more effective at isolating this organism following both 35 C

and 40 C enrichment. This observation may be attributed to the
0

greater amount of bile salts in the IBB agar as well as the ability to
recognise Plesiomonas colonies on PL agar. A higher concentration of
bile salts helps to reduce the level of competing bacteria and this
may allow a greater chance of recovering the Plesiomonas colonies that
may be present  9!.
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Table l. Evaluation of Enrichment Broth, Agar Plating Media,
and Incubation Temperature on the Recovery of

from 25 Water Samples

35 40 C

Broth PL IBB PL IBB

1.20 0. 03 0.20

0.81 2. 04 14.52* 6.88

PLE 0.04 2.32 1 ~ 40 2.64

PLE mod 0 ' 20 0.00 0.17 1 ~ 76

21+12* 15.68* 68 ' 92* 53.964

Difference significant between brothe at 0.05 level
as determined by the LSD t-test

* Difference significantly higher than GN, PLE and mod
1

PLE, but significantly lower than TT at 0 F 05 level.
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The elevated incubation temperature of 40 C was superior overall0

in enhancing the recovery of Plesiomonas. The inhibition of some of
the competing microorganisms such as Pseudomonas and some of the
Enterobacteriaceae which are often found in food and water may have
contributed to this higher recovery rate �,7,9,10!. Miller and
Koburger reported that of 40 Plesiomonas isolates tested, all were
able to grow at 40 C, but that only 25X grew at 45 C �1!. For
environmental samples, therefore, it is suggested to incubate
enrichment cultures no higher than 40 C to avoid the risk of0

inhibiting some Plesiomonas ~

The advantage of using the tetrathionate enrichment technique to
enhance the detection of Plesiomonas from environmental water samples
is well demonstrated in Table 2 ~ The value of enrichment is not as
great for a eutrophic sample such as Sample 1 because by using direct
plating only, about 35X of the colonies are easily detected as
Plesiomonas. However, in a sample such as Sample 5, where only 3X of
the colonies are Plesiomonas as shown by the direct plating method,
the benefits of this enrichment step become obvious; the recovery rate
for Plesiomonas was increased to 86X post-enrichment. The chances of
finding a Plesiomonas colony when only 3X of the total colonies are
Plesiomonas is low, but it can hardly be missed when it is present as
86X of the colonies. It should also be noted that in 12X of the
samples tested, no Plesiomonas colonies could be detected by direct
plating and yet it was easily isolated following enrichment. It is
under such conditions, when the organism is present in low numbers
that the enrichment technique can be a significant aid in the study of
the ecology of this microorganism.

A similar experiment using both freshly shucked and packaged
oyster meats was conducted based on the results of the environmental
water samples. In preliminary studies with packaged oyster meats,
direct plating detected no Plesiomonas positive samples, however
following enrichment in tetrathionate broth some of the samples were
positive. These results suggested that the enrichment method does work
for oyster samples, but recovery seemed to be affected by a number of
factors. Initially, the high positive recoveries of Plesiomonas
detected with the water samples were not being achieved using oyster
samples. Pure Plesiomonas cultures were spiked into the oyster
samples and were plated directly and enriched. Table 3 shows the
results of one such experiment. In the low dilutions of oyster,
Plesiomonas was not detected, but as the sample was diluted more,
Plesiomonas colonies were easily detectable. This indicates that
Plesiomonas was present in the low dilutions, but was unable to be
detected because of the presence of a high number of competing
bacteria that were visually evident on the plates. As these competing
bacteria were diluted out the Plesiomonas colonies became more
apparent.

In order to better understand the effect of competing bacteria
on the growth of Plesiomonas, a number of bacteria growing on these
plates were isolated and identified. Table 4 lists the organisms
recovered. As would be expected there is Pseudomonas, Aeromonas,
Vibrio and Enterobacter. Isolate I, Klebsiella was often recovered
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Table 2. A Comparison of Direct Plating and Tetrathionate
Enrichment in the Recovery of Plesiomonas

Sam le  X of total colonies!

+The values of the enrichment group are significantly
higher  p<0.05! than the direct plating group as
determined by the LSD t-test.

Table 3 ~ Detection of Plesiomonas using Direct
Plating when Different Amounts of Plesiomonas
are Added to an Oyster Homogenate

1/5001/50

106 25* 87 87

10 56 39

10 17

*Values reported are X of total colonies found
to be Plesiomonas

Values are an average of three repetitions
performed in duplicate
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Enrichment*

Number of Plesiomonas

7

36.0 3.6 26.2 25.4 3 ' 2

76 ' 6 64.8 81.8 68.0 86.6
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Table 4. Identification of Some Competing Bacteria
Isolated from a Raw Oyster Homogenate
following Direct Plating

Color on Platin Media

Enterotube ResultIBB AgarIsolate No. PL Agar

Klebsiella

Pseudomonas spp.
Aeromonas

Enterobacter
Aeromonas
Edwardsiella

PE putrifaciens
Vibrio spp.,

Flavobacterium
colorless

pink
red

pink
13

*15 P ~

* Pure culture used as control

and this may have been due to the large size of its mucoid colonies.
Pure cultures of these isolates were mixed with pure Plesiomonas
cultures to study the effect of competition. Table 5 and Table 6
report the data when Klebsiella was mixed with Plesiomonas in varying
concentrations. In this study enrichment greatly enhanced the
recovery of Plesiomonas, causing it to be easily detected in samples
where it was unable to be found before the enrichment step. The same
experiment was performed using a Pseudomonas isolate  Tables 7 and 8!.
However, the enrichment step did not enhance the recovery of
Plesiomonas. In fact, the organism was less detectable after
enrichment. These results indicate that the type of organism present
initially in the oysters can greatly affect the performance of the
enrichment step. This is unfortunate, as there is no way of
predetermining the type of bacteria that is going to be present in a
given sample.

When comparing recovery before and after enrichment in packaged
oysters  Table 9! to that of freshly shucked meats  Table 10!, an
obvious difference can be seen. The enrichment technique is a
significant aid in the recovery of Plesiomonas from packaged meats
whereas direct plating is more effective for freshly shucked samples.
We attributed this to the different types and numbers of competing
bacteria present in the samples. It is difficult to conclusively
state a method which will enhance isolation of Plesiomonas from all
oyster samples, but the present data indicates that enrichment can be
used for environmental water samples and some packaged oyster meats.
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1

2 5
6 7
9

11

12

yellow
pink
yellow
yellow
yellow
yellow
red

yellow

pink
light pink
light pink
light pink
pink
colorless
colorless
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Number of

Plesiomonas
Added ml

+, Plesiomonas detected; � , No Plesiomonas detected

Number of

Plesiomonas

Added ml

+, Plesiomonas detected; -, No Plesiomonas detected
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108
106
10

10~
5

103
102
10
10

107
10

10

10~
5

103
102
101
10

Table 5. Detection of Plesiomonas in the
Plesiomonas-Klebsiella Mixtures
following Direct Plating

Number of Klebsiella Added/ml

10 10 10 10 10 10 10 10

+ + + +

+ + + +

+ + + +

+ + + +

+ + + +

+ . + + +

+ +

+ +

Table 6. Detection of Plesiomonas in the
Plesiomonas-Klebsiella mixtures
following Tetrathionate Enrichment

Number of Klebsiella Added/ml

10 10 10 IO 10 IO 10 10

+ + + + + + +

+ + + + + + +
+ + + + + '+ +

+ + + + + + +

+ + + + + + +

+ + + + + + +

+ + + + + + +

+ + + + + + +



Table 7. Detection of Plesiomonas in the
Plesiomonas-Pseudomonas Mixtures
following Direct Plating

Number of Pseudomonas Added/ml
Number of

Plesiomonas

10 10 10 10 10 10 10 10Added ml

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +
+ +

+, Plesiomonas detected; -, No Plesiomonas detected

Table 8..The Detection of Plesiomonas in the
Plesinmonas-Pseudomonas Mixtures

using Tetrathionate Enrichment

Number of Pseudomonas Added/ml
Number of

Plesiomonas

10 10 10 10 10 10 10 10Added ml

+ +

+

+

+ +

+, Plesiomonas detected; � , No Plesiomonas detected
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107
106
10

5
10~
103
102
10

10

10'
7

106
10~
10~
10~
102
10

10

+ + + +
+

+

+ + + +



Table 9. Effectiveness of Direct Plating versus
Enrichment in Detecting Plesiomonas from
Packaged Oyster Meats

Sam le

+ + +
+, Plesiomonas was detected; -, No Plesiomonas was detected

Table 10 ' Effectiveness of Direct Plating versus
Enrichment in Detecting Plesiomonas from
Freshly Shelled Oyster Meat

Sample Direct Plating Enrichment

+, Plesiomonas was detected; � , No Plesiomonas was detected
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Presence of Plesiomonas Colonies

Direct Platin Enrichment
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THE EFFECT OF LACTIC ACID STARTER CULTURES ON FISH SPOILAGE BACTERIA

S. M. Rose, F. M. Bartlett and E. G. Bligh
Department of Food Science and Technology

Technical University of Nova Scotia
Halifax, Nova Scotia Canada B3J 2X4

INTRODUCTION

Development of an antispoilage or an inhibitory agent which will
delay deterioration of food would be of great importance from both an
economic and public health standpoint. Lactic acid bacteria are known
for their ability to repress bacterial growth, which is a major cause
of food spoilage.

The use of lactic acid bacteria in food is not a new concept. In
the dairy industry, cultures are cossaonly used to improve the shelf
life of dairy products. Metabolic products of these bacteria,  e.g.,
lactic acid, propionic acid, diactyl and antibiotic-like substances!
have a profound inhibitory effect on a variety of gram negative spoil-
age bacteria. Developing a dominant microflora of Lactobacillus ~s
would therefore be preferred due to its potentially inhibitory effect
on spoilage bacteria.

Numerous studies have shown the beneficial effects of using lac-
tic acid bacteria cultures for decreasing the spoilage organisms in
both beef and poultry. Reddy and Chen, �975! studied the effect of

changes in beef. Their data indicated a significant inhibitory effect
on the growth of the gram-negative bacteria  Pseudomonas,
Achromobacter, and Proteus! when treated with a IOX lactic culture.
Another study with beef examined the effect of the application of Iac-
tobacilli and carbon dioxide on the growth of Microbacterium
thermos hactum on fresh beef  Roth and Clark, 1975!. Results were
positive for the repression of the growth of the Microbacterium using
lactobacilli on the vacuum-packaged meat. The authors concluded that
the inhibition was caused by a substance produced by' the lactobacilli.

Raccach and Baker �978!, studied the effect of two lactic acid
bacteria  Pediccocua acidiiectici and Lactotacillua ~lanterns! on the
inhibition of Pseudomonas species which are the primary spoilage bac-
teria of uncooked poultr'y meat. It was noted that Alteromonas

repressed by four log cycles when the mixed culture was used.

There are a number of mechanisms by which lactic acid bacteria
are able to repress the growth of other bacteria. The following
antagonistic properties were summarized by Andersson �986!:

1. Acid production and pH reduction
2. Hydrogen peroxide production
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3. Carbon dioxide production
4. Nutrient depletion
5. Decrease in reduction-oxidation potential
6. Production of antibiotic like compounds

The purpose of this study was to evaluate the potential use of
lactia acid bacteria  L .pisntsrum! as an inhihitory agent od gram
negative spoilage bacteria of fresh codfish. Also, the extracellular

acidilactici were examined in order to assess their ability to inhibit

MATERIALS AND METHODS

greens-dried cultures og Laotohscillus glantarum 8014 and
Pediococcus acidilactici 8042 vere obtained from the American Type
Culture Collection. The bacteria were rehydrated in MRS broth  Difco!
and incubated at 30'C for 24-48 hrs. MRS agar slants and plates were
used to maintain the cutures vhich ware then stored at 6 C.

Pre aration of extracel u ar and intrace lu ar extracts

~sterna aad P acid.ilactici sera each gross ia i L arlyn
mayer flasks containing 400 mL of MRS broth media for 48 h at 25'C
 without shaking!. The growth medium vas centrifuged at 5,000 rpm for
15 min at 5'C. The supernatant was decanted and filtered using a
Millipore filter �.45 pm 'pore size!. This was the source of. the
extracellular extract.

The pelleted cells were washed by resuspending in 100 mL of ster-
ile saline solution �.85Z NaCI! and centrifuging �,000 rpm/15 min!.
The supernatant vas discarded, and the cells were again washed with
the saline solution  total of 3 washes!. After the final wash the
cells were suspended in a minimum amount of saline  » 5 mL! and put on
ice. The cells vere ruptured using a Biosonic III sonicator  Bronwill
Scientific, Rochester, N.Y.! at the maximum recommended setting for
one minute. This was repeated a total of 6 times to ensure complete
breakage of the cells. The ruptured cells were centrifuged at 10,000
rpm for 30 min at 2'C. The supernatant was filtered and refriger-
ated. This was the intracellular extract.

The pH of the extracellular and intracellular extracts were
adjusted to a value of » 6.3 with 1N NaOH.

Disk essa rocedure

Petri plates containing plate count agar  Difco! were inoculated

a~ebs. The plates were allowed to dry for 1 h at room temperature.
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Sterile disks �.7 cm in diameter! vere placed on the agar surface and
impregnated with the extracellular and intracellular extracts �0-100
pL! of the two lactic acid bacteria cultures. The plates were incu-
bated at 22'C for 24-48 h. Antimicrobial activity vas determined from
the diameter of the zone of no growth around each disk.

Effect of LAB on cod fillets

Lactobscillus ~lantarum ouituras sara added to drest cod fillets
to attain a level of 10' cells/g. On the same day, codfish fillets
vere purchased and placed on ice. The bacteria was applied by means
of a sterile non-aerosol spray. Fillets were wrapped and stored at
2'C for testing every second day. Control fillets left untreated were
stored in the same way.

Fillets were sampled in duplicate for microbiological analysis,
trimethylamine  TMA! analysis and surface pH. Gram-negative bacterial
counts were performed on freshly prepared Crystal Violet TTC agar plus
O.SZ NaC1. Serial dilutions were made with 0.1Z  w/v! sterile pep-
tone. Incubation for plates was at 22'C for 48 hrs. Fifty grams of
tissue was extracted with 7.5Z trichloroacetic acid  TCA! and analyzed
for TMA  Dyer, 1945!. Surface pH was obtained by taking four repre-
sentative readings of each fillet using a surface pH electrode.

RESULTS

Disk Assa Procedure

The results of the inhibitory effect of the extracellular ex-

sussaarized in Table 1.

Yabie i. Inhibitory effect of satracslluiar extracts od L. plantarum

Zones of lnhibitiona cm
Volume L ~laatarum extract P. acidilactici extract
extract  pL! pH 3.81 pH 6.28 pH 4.32 pH 6.27

1.1
1.1
1.4
1.7

1.9

1.9
2b

0.9
1.3

1.5

1.9

1.9
2.0

>2b

0.9

1.0
1.2

1.2

Diameter of area of no growth; 0.7 cm sterile disks were used.
bAccurate measurements could not be determined beyond this point.
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of both L .Biantsrum and , Pacidilactici at their unadjusted pH values
of 3.81 and 4.32 respectively. Inhibition was also evident by the
extracts adjusted to pH 6.27 and 6.28. It is apparent that although
the inhibition is greater in each case at the lover pH, the effect is
~ till present at pH 6.27-6.26, particularly for the L. Hlantarum
extract. Uninoculated MRS broth did not adversely affect the growth

v

extracts of either lactic acid bacterial cuture at pH 6.2  data not
shown! .

Effect of LAB on cod fillets

Gram-negative bacterial counts for the treated fillets were sig-
nificantly lower than those for the control fillets on days 2 and 4
 Fig. 1!. The surface pH of the treated fillets tended to be lower
than the controls particularly towards the latter part of the storage
period  Fig. 2!.

The trimethylamine values of the treated and untreated fillets
are presented in Fig. 3. It is apparent that the increase in TMA
production is more rapid for the control fillets than the fillets
treated with L. plantarum.

DISCUSSION

Both lactic acid bacterial cultures  L. Blsntarma aad P. acidi-
lactici! produced a substance s! which effectively inhibited the

k. ~   '
speared to be exclusively extracellular, since no antimicrobial
activity was associated with the intracellular fluids of either bac-
terium. Although the chemical nature of the compounds was not deter-
mined, it is unlikely that the inhibitory effect could be attributed
solely to the production of lactic acid since the antimicrobial effect
was evident at pH 6.3. Abdal-Bar et al. �987! reported similar
findings for L ~bul artcc . Phis bacterium produced an extracellular
antibiotic-like compound which inhibited the growth of P. ~fra i. The
productioa of aa extracellular inhibitory agent by a L. Hlantarum
isolate from fermented carrots has also been reported  Andersson,
1986!.

Direct applicatioa of L. Hlantarum cells to cod fillets was found
to have an inhibitory effect on the gram-negative bacterial popula-
tion, particulary during the first six days of storage  Fig. 1!. The
introduction of L. Bisntsrum appeared to be especially effective
against TMA producing bacteria as indicated by the significantly lower
TMA values for the treated samples as compared to the controls  Fig.
3!. Raccach and Baker �978! were able to show that the addition of
L. Bisntsrum snd P. cerevisiee effectively extended tha lag phase of
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FIG.y TOTAL GRAN NEGATIVE BACTERIAL COUNTS FOR COD FILLETS

STORED AT 2C. CONTROL SANPLES - UNTREATED.
EXPERINEHTAL SANPLES - TREATED WITH L. PLANTARUN
AT A CONCENTRATION OF 10 CELLS/GRAN.
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Surface pH

2 4 6 8 10

Days Storage
FIG.2 SURFACE pH OF COD FILLETS STORED AT 2C. CONTROL

FILLETS - UNTREATED. EXPERIMENTAL FILLETS � TREATED

a'ITH L. PLANTAR' AT A CONCENTRAT1ON OF 10 C'ELLS/GRAM.
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Trimethylamine Production

2 4 6 8 10

Days Storage
FIG 3 TMA VALUES FOR COD F ILLETS STORED AT 2C . CONTROL

SAMPLES - UNTREATED. EXPERIMENTAL SAMPLES - TREATED
WITH L. PLANTARUM AT A CONCENTRATION OF 10 CELLS/GRAM.
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pure cultures of Pseudomonas species in deboned poultry meat. As was
the case in this study, they noted that the slight change in pH of the
meat was not sufficient to explain this repression.

Zn conclusion, our study has shown that the use of LAB has poten-
tial as an inhibitor of fish spoilage bacteria. Further work is
required to determine whether a significant shelf-life extension for
fresh fish can be realized as a result of their use. Zn addition,
evaluation of the extracellular extract as an alternative to the
application of whole cells to fish needs to be investigated.
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NUCLEOSIDE PHOSPHORTLASE AND ITS ROLE IN FISH SPOILAGE

T. A. Gill, Merc Surette and Stephen MacLean
Canadian Institute of Fisheries Technology

Technical University of Nova Scotia
P. O. Box 1000

Halifax, Nova Scotia
B3J 2X4

INTRODUCTION

Autolytic degradation in refrigerated fish muscle occurs as a
result of enzymatic changes within the muscle. Enzyme decompart-
mentalization probably contributes to the rapid autolysis observed in
fish muscle after death. The autolytic accumulation of ATP catabo-
lites in postmortem fish muscle has been shown to be a reliable indi-
cator of edible fish quality  Vchiyama et al., 1970; Hiltz et al.,
1971!. In a live fish, adenosine diphosphate  ADP! is produced in
muscle contraction and can either be rephosphorylated by respiratory
action or phosphocreatine, therefore the adenosine monophosphate  AMP!
level remains low  Watts and Watts, 1974!. After death,  Fig. 1!
inosine monophosphate  IMP! accumulates via dephosphorylation and
deamination of ATP. Jones and Murray �904! suggested that the subse-
quent production of inosine  Ino! was rate-3.imiting in the ultimate
formation of hypoxanthine  Hx!, xanthine and uric acid.

Inosine nucleosidase  E.C. 3.2.2.2! and nucleoside phosphorylase
 E.C. 2.4.2.1! were isolated from the muscle of Pacific lingcod by
Terr �955, 1958! and were responsible, at least in part, for the
postmortem production of Hx from Ino. Recently, LeBlanc �987! found
little or no inosine nucleosidase nor nucleoside phosphorylase activ-
ity in crude extracts of fresh cod. Ammonium phosphate fractionation
of crude muscle extracts as described by Terr �955! resulted in no
significant purification of inosine nucleosidase. However, measurable
levels of this enzyme were detected in commercial cod fillets which
had been stored on ice for several days.

The present study was initiated to examine the pattern of nucleo-
tide catabolite accumulation in Atlantic cod  Gadus morhua! as well as
the determination of the relative importance of autolytic and
microbial enzymes in the production of Hx.
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MATERIALS AND METHODS

Studies of sterile cod muscle vere performed by aeseptic removaI
of tissue from freshly killed fish, and subsequent storage of samples
in sterile Petri dishes at 3'C. Sterile samples vere checked for
bacterial contamination at, regular intervals, each time tissue was to
be removed for perchloric acid extraction and subsequent chemical
analysis. In order to compare autolytic with microbiological
production of Hx, paired fillets were removed from the same fish
described above but vithout precautions to preserve sterility.

Analysis of nucleotide catabolites vas routinely carried out by
homogenizing 50 g samples of tissue in 2 volumes of 6X perchloric acid
for two, I-minute intervals in a Varing blendor. Extracts were
filtered, neutralixed to pH 1.0 with 30K KOH, and chromatagraphed on a
Waters HPLC system equipped w'ith a p Bondapak C-18 radiaL compression
column using a 0.05 M, pH 7.0 potassium phosphate buffer pumped at 2.0
ml min '. Detection was carried out by absorbance at 254 nm.
Quantitation was accomplished with external standards obtained from
Sigma  St. Louis, MO!.

Bacterial colonies recovered from spoiling cod were grown in
trypticase soy broth for 3 days and cells harvested by. centrifugation
ce11-free extracts «ere prepared by ultrasonic disruption for 7, 2-min
intervals  Biosonik III, Bronwill Scientific, Rochester, N.Y.!. Seven
colonies were subsequently screened for their ability to produce Hx in
the presence of Ino.

Activity essays for nucleoside phosphorylase were performed
according to Boehringer Mannheim �975!, Activity assays for inosine
nucleosidase vere performed on bacterial cultures, cell-free extracts
and muscle tissue. The reaction mixtures contained 3.0 ml 0.05 M
veronal or TES buffer, 0. 10 ml of 7.3 mM inosine solution, and 0.10 ml
of a xanthine oxidase solution  Boehringer Mannheim! containing 20
units ml ', Reactions were initiated by the addition of 0.01 ml crude
inosine nucleosidase. Activity was measured as the increase in
absorbance at 293 nm and 22'C. Protein concentrations were determined
by the Lowry at al. �951! method.

Identification of spoilage bacteria producing significant
quantities of Hx vas performed using the api 20E enterobacteriaceae
identification kit  api Anyltab products, Plainview, N.Y.!.

For determination of pH optimum, reaction mixtures containing 1.8
ml of 0.05 M Pipes-HCI  Sigma, St. Louis, MO!, pH.6.65-7.4; TES-NaOH
at pH 7.0-7 ' 5; or Tris-HCI at pH 7.4-8.4 vere added to 0.10 ml of 7.3
mM inosine, 0.01 ml xanthine oxidase �.4 U/mI, Boehringer Mannheim!
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and 0.10 ml of 0.10 M sodium phosphate pH 7.3. Reactions were
initiated by adding 0.10 ml of the enzyme preparation and activity
measured as the increase in absorbance during the initial minute of
reaction at 293 nm and 23'C.

For the determination of kinetic properties, the assay mixture
contained 0.05 ml phosphate - free xanthine oxidase �.04 U/ml!,
0.05 to 0.20 ml of 2 mM inosine, 0.025 to 0.20 ml of 0.10 M sodium
phosphate, 0.025 ml nucleoside phosphorylase and was made up to 2.0 ml
with 0.05 M TES, pH 7.3. The activity was expressed in concentration
units based on the molar absorbency change for inoeine to uric acid of
12,500 at 293 nm  Kalckar, 1947!. The assay' with guanosine as the
substrate was determined spectrophotometrically by the decrease in
absorbance at 257 nm due to the depletion of guanosine to guanine with
a molor absorbancy decrease of 5000  Fiers and De Bersaques, 1962!.
The reaction mixture contained 0.025 to 0.10 ml of 2 mM guanosine,
0.05 to 0.20 ml of 0.10 M sodium phosphate 0.10 nucleoside
phosphorylase and was made up to 2.00 ml with 0.05 M TZS, pH 7.3.
Adenosine was also assayed as a substrate by monitoring the change in
absorbance at 250 nm. The reaction mixture contained 0.25 ml of 2 mM
adenosine, 0.2 ml sodiI phosphate, 0.2 ml nucleoside phosphorylase
and was made up to 2.0 ml with 0.05 M TES at pH 7.3. All assays of
activity were performed at 25'C.

Purification of the enzyme catalyzing the production of Hx from
Xno was carried out by a 3-step procedure starting with a cell-free
~ street of proteus ~vul aria raooveree fros spoiliuf oof. fha first
step involved gel filtration on a Sephacryl $-300  Pharmacia! column
�.5 x 80 cm! with 0.05 M Tris-HCl, pH 8.0. Active fractions were
collected, pooled and dialyzed against 0.05 M sodium citrate, pH 6.0.
Activity was further purified on a DEAZ-Sephacel  Pharmacia! column
�.8 x 8 xm! equilibrated with 0.05 M sodium citrate, pH 6.0. Samples
were eluted by an 80 ml continuous gradient from 0.05 M to 0.12 M
citrate at 0.4 ml min . Active fractions were pooled, dialyzed
against 0.01 M Na2 Pipes-HClp pH 7, and applied to an Agadenosine
 Pharmacia! �.1 x 7.5 cm! affinity column. Elution was accomplished
with 20 ml 0.01 M Pipes, pH 7.0, followed by a continuous gradient of
0 to 1.5 M KCI in Pipes at a flow rate of 6 ml h

Enzyme purity was determined by isoelectric focussing in
polyacrylamide gals  Pharmacia! using a Pharmalyte 3-10 pH range.
Activity staining was carried out by immersing gels in 0.02K 3-[4,5-
dimethylthiazol-2-ylj-2,5-diphenyltetrazolium bromide, 8 mM inosine
and 0.008 U xanthine oxidase per ml, all in 0.05 M TZS, pH 7.3. Gels
were incubated at 35'C until a dark blue-black band appeared  within
30 min!. Gels were fixed, stained with Coomassie Blue G-250 and
compared with marker proteins for the determination of pI.
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The molecular weight of nucleoside phosphorylase was determined
by polyacrylamide gel electrophoresis on a 4-30X gradient slab in 0.09
M Tris, O.OB M boric acid and 2.5 x IO 3 M Na2 EDTA.

RESULTS AND DISCUSSION

Figures 2 and 3 illustrate the progression of formation of
nucleotide catabolites in paired sterile and non-sterile cod fillets.
It is clear that at 3'C, similar patterns emerge except that the
conversion of Ino to Hx is delayed by about 2 days in the sterile
samples. This suggests that the enzymes responsible for the
production of Hx are both autolytic and microbiological in nature. As
~ould be expected the rate of dephosphorylation of IMP to Ino was
similar in both sterile and non-sterile samples, since few spoilage
bacteria are normally present during the first four days of
refrigerated storage.

Figures 4 and 5 illustrate the purine metabolite spoilage
patterns for whole, gutted, bled and iced cod which were obtained
fresh from a local aquarium and the headless, gutted cod available
cosmercially. Notable were the differences in rates of nucleotide
catabolism between intact aquarium fish and the aquarium fish which
were filleted under sterile or non-sterile conditions. It is evident
that Hx is produced much more rapidly in fillets  either sterile or
non-sterile! than in headless, gutted cod. One explanation for the
accelerated rate of decomposition in the fillets may be the mechanical
damage received by' the tissue during the filleting operation. This
phenominon could be explained by the effects of enzyme
decompartmentalization or the breakdown of barriers to microbial
invasion within the muscle.

Initial attempts to recover either inosine nucleosidase or
nucleoside phosphorylase from very fresh fish were fraught with
difficulty. Only by using partially decomposed muscle tissue were we
able to recover measurable amounts of activity. Seven bacterial
cultures obtained from spoiling fillets were screened for their
ability to produce Hx from Ino.

Only 2 nuiturss  proteus ~vul erie and Pseudononas dluorescens!
contained any' measurable activity, with the specific activity of P.
~vul aria cultures hsing approxinatsiy tvica that oi p. dlucrescens.
Little activity was observed prior to ultrasonic disruption of the
cells, suggesting that the enzyme was primarily intracellular in
nature. Upon extensive dialysis against phosphate-free buffers,
little activity was observed, suggesting that nucleoside phosphorylase
was far more important than inosine nucleosidase in the bacterial
production of Hx.
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Figure 6 illustrates the pH profile for activity of aucleoside
phosphorylase  NP! in three different buffer systems. A TES buffer at
pH 7.3 was used routinely for the assay of NP activity.

TABLZ 1

Sussaary of the Purification of NP.

ACTIVITY PROTEIN SP. ACTIVITY
 pmoles/min!  mg!  pmoles mg-1 min-1!

RECOVERY

 X!

STEP

Crude

extract 6.85 165.6 100.0

100.0

0.04

37.7Sephacryl 6.90 0.18

0.92Sephacel 5.88 6.4 85.7

0.22 69.2Agadenosine 4.75 21.6

The nucleoside phosphorylase was recovered in isoelectrically-
pure form with a pI of 6.8 aad an apparent molecular ~eight of 120,000
a 2000 daltons as determined by pore gradient electrophoresis.

The kinetics of NP were examined using Iao, and guanosiae sub-
strates. The enzyme exhibited typical Michaelis-Neaten kinetics.
Double reciprocal plots  not shown! with inosine or guanosine as the
variable substrate and phosphate as the changing fixed substrate were
also constructed. Kinetic parameters obtained by plotting the slopes
and intercepts of the reciprocal plots against 1/[phosphate] are
sumaarized in Table 2. Although inosine was used as the assay sub-
strate during the purification of NP, the ability of NP to catalyze
the phosphorylysis of guanosine indicates broad specificity. The Km
values for both substrates were similar but the apparent specific
activity toward inosine was double that obtained for guanosine.
Adenosiae was not used as a substrate for NP but is ability to bind
the enzyme as a ligand in affinity chromatography has proven valuable
ia the purification procedure.

6ll

A three-step purification of the cell-free extracts was performed
by gel filtratioa, ioa exchange chromatography and affinity chromatog-
raphy using adenosine as the ligand. Gel filtration on Sephacryl S-
300  Fig. 7! resulted ia the recovery of a single peak of NP activity,
which when applied to a DEAE-Sephacel column  Fig. 8!, resulted in a
5-fold increase in specific activity from the Sephacryl column and an
overall purification of 23-fold from the crude cell-free extract.
Affinity chromatography  Fig. 9! resulted in a further 23-fold purifi-
cation from the ion exchaage step �00-fold from the crude extract!
yielding an overall recovery of 69K for all three steps. Table 1
summarizes the results of the purification procedure.



O o

CV

CO

o+

612

C9 CV

0 0

, NIW Save
A J.IAIDO%

AJ
'0

E~
0
W 8

W
P W

Z5
Z u!

0
W

4
M 0

N
m K
M
r4

 h
0

cC X



O
K

g!

CV

Z
0
I
V

K
Ol

613

C4 ~ . 4 4 Ol OO

0 0 0 0

{, U!~~~v! janU.ov

Ul 0
g ~
0 CO

0

Q ~
g

Q

C
IJ
~ + w 8

0
g 4
8 X
g Ill

0
0 ~
oat

o >

M

0
4

g 0
g W

4
p, 5

c
N
4

C I
0

A
g 0

0 0

g 8
0 0

O
4 Cl

V1
W ~

A

4l W
C9 0 4



ig

O

8 E 0

C 0 4W 0

A O
0 a>
g
4 C
Ql
0

E ~
0

0

5 w

O

C
4 A
A 0
0

CI

C
0 C

C4
III ~
Ch C
I E

Ol

W 0
a 0

CV

O 0Cl
O

CV Cb
Q

09
O

614

�8<y} ulsgOad

  ullu Q } ~!IA}+g

C 0
Ol

Q
0$

LL.

E U

O C!

0

Ft

O O E 0 4 0 4l
'0 Cl
4

0 0 0
g

0 C 4l
0 4

R



0
0

615

 ~~V! NI3LOtld
ol

0 o 0 0

lO Q 0! CV
0 0 0 0 0 0

 I Ul~ 86K%! AJ.IAIJ.OV

S
X

Q Ifl
0 ~ Q

I
0

0 0

S S O
'Q 0 ~
Id 4 P4
V W

m
4

S 0
V
O W I
~ C S

~ 0 0

k'0 0
l4
4

~ Ch C
Q

0 O
O

0 cf 4
!4

R

w g O
0 ~

0

0 m C
S
4

LH
0 S U ~

0
C 0 O
S 0 I
0 4
4 CO

5 I
0 C C4 4l

0
C 4
0 X F4

C M

CO~
w w

W O



C G
QJ r

W C

'0 C
Q !

fg
C'

0

<D
C

C Vl
0

0 C
8

0 0
0
<U 0

0 0
C Ql

04

0
E

hl
x

M 0 Z

O C4

or
0 A ~
CJ
%30
CJ
4 8

04 A
0 gj
Ql lll

5
!~r U

OW Q..
0 0 '0

0

4 ill
5

6 N
0
4
QJ

0 ~

VJ C 8
0

0 + 8

04 z
4 tQ

0 Q Z
0 U M
N C
C4 0

0
0 8
4 C

0
.0 C 0

Q Ul
0'0 C
Cl re

616



TABLE 2 '

Kinetic Parameters Estimated from the Replots of the Slopes and
Intercepts of the Lineweaver-Burk Plots in Figs. 7 and 8.

pmoles mg ' minParameter

3.8 x 10
1.4x10 ~

2.9 x 10
2.5 x 10 '

Inosine, Km
Inosine, Kia
Guanosine, Km
Guanosine, Kia
Phosphate, Km

with Inosine

with Guanosine

Vmax  lnosine!
Vmax  Guanosine!

1.30 x 10
1.45 x 10

10.26

5.80

SURGlRY AND CONCLUSIONS

The breakdown of Ino in Atlantic cod tissue is at least in part
due to bacterial nucleoside phosphorylase. Very little nucleoside
phosphorylase or inosine nucleosidase was recovered from sterile cod
muscle and the production of Hx was delayed by at least 2 days in
sterile fillets as compared to non-sterile fillets from the same
fish. The fact that inosine breakdown occurred at a more rapid rate
in sterile and non-sterile fillets than in whole, gutted cod,
suggested that mechanical disruption of the tissue accelerated the
formation of Hx.

Nucleoside phosphorylase recovered from spoilage bacteria was
purified and characterized. NP had an apparent molecular weight of
120,000, an isoelectric point of 6.8 and catalysed the phosphorylysis
of both inosine and guanosine. NP was competitively inhibited by
adenosine.

617

Kinetic analysis with adenosine as the inhibitor of inosine
phosphorolysis was undertaken to determine if the site of attachment
was the same as the active site for inosine binding. Figure 10
illustrates the typical pattern of competitive inhibition, indicating
that adenosine is attached to the active site of NP. The Ki of
adenosine was determined to be 4.9 x 10 M from the replot  inset,
Fig. 10!.
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A Rapid Color Test Strip for Estimating Fish Freshness

Kwan Wong and Tom Gill

Canadian Institute of Fisheries Technology

Technical University of Nova Scotia

P.O. Box 1000

Halifax, Nova Scotia

B3J 2X4

INTRODUCTION

Traditionally, freshness of fish have been assessed by
sensory methods which are subjective in nature. The criteria
comaonly used to grade fish freshness are texture, color, odor and
taste. Ultimately sensory evaluation is the most satisfactory for
.the consumers. However, the procedure is both laborious .and
expensive since many trained graders and tasters are required to
test large numbers of fish. Furthermore, the qualitative and
quantitative characteristics of the criteria mentioned above are
extremely difficult to assess and convey to others. For these
reasons many objective tests, mostly chemical in nature, have been
proposed.

A number of chemicals have been reported as useful indicators
of fish freshness. Some of these include: nucleotides,
hypoxanthine, total volatile bases, and trimethylamine.
Trimethylamine is perhaps one of the most widely used. It has
been used as an objective indicator for bacterial spoilage in
seafood for over 40 years. Several studies have shown a high
positive correlation between bacterial numbers and TMA values for
various fish species,  Dyer et al., 1946; l.aycock and Regier,
1971!. Several studies have also reported excellent correlations
between subjective determination of eating quality and TMA levels
 Castell and Greenough, 1958; Hoogland , 1958!.

The Dyer method �945! as modified by Tozawa et al. �971!
has been used for many years for the determination of TMA in
fish. Some other methods of analysis include gas chromatography
 Iuiter, 1973; Miller et al., 1972; Kuwata et al., 1980!; ion
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specific electrode  Chang et al., 1976!; high pressure liquid
chromatography  Gill aad Thompson, 1984!; and enzyme assay  Large
and McDougall, 1975: Wong and Gill, 1987!. These methods share
one or more of the following disadvantages: lack of specificity,
cannot be performed outside the laboratory, expensive and time
consuming.

Improvement over the above methods for estimating TMA have
recently been developed in our laboratory. The method is also
based oa the TMA dehydrogenase reaction of Wang and Gill �987!,
but using dry reagent chemistry on a test strip rather than a test
tube reaction. The eatire procedure requires 5 min at room
temperature. The technique is sufficiently simple so that
personnel with little or no laboratory experience can perform the
test.

MATERIALS AND METHODS

Strictly trash cod  dados ~sorh a! aud haks  U~ro h cus taouis!
were purchased locally, filleted and stored at 2'C. Samples of
the fillets were used periodically for perchloric acid  PCA! or
trichloracetic acid  TCA! extractions as described in Woyewoda et
al. �986!. Fish juice was prepared with a modified 20 ml plastic
syringe. The modification consisted of drilling 3 rows of holes
�.5 mm in diameter! 3-4 mm apart at the lower 1.5 cm of the
barrel. A row of holes was also drilled at the end of the
syringe. The opening of the syringe was plugged by the lock end
of the needle. Squeezing 5-6 g of fish muscle in the syringe
yielded 0.3-0.5 ml of juice. The extracts aad juice were diluted
to a workable level before use.

TMA ESTIMATION

Typically, a 10 ml disposable beaker contained 1 ml of, a 0.2
H HOPS �-  N-morpholino! propanesulfonic acid! buffer  pH 7.5!
and 0.1 ml of the diluted fish juice, neutralized TCA or PCA
extracts. A test strip was immersed in the solution, swirled ance
and then allowed to react at room temperature �9-21 C!. After 5
min the color test strip was rinsed in water and the TMA
concentration estimated by matching the iateasity of the red color
with the color of a set of TMA standards. Five inexperienced
judges were asked to estimate the TMA levels usiag TMA standards
of 0, 0.5, 1, 3, 5.5 and 7 yg TMA-N. Storiag the reacted strips
ia 10X H3P04 at 2 C in the dark preserved the color for a few
days.



Trimethylamine in f ish extracts vas also est imated by the
picric acid method of Dyer �945! as modified by Tozava �971!.

RZSULTS AND DISCUSSION

The test strip was specific for TMA. Compounds such as
trimethylamine oxide  TMA-O!, dimethylamine  DMA!, monomethylamine
and ammonia did not react and did not interfere with the
reaction. The minimum detectable level for TMA vas 0.25 ~g
TMA-N. The best vorking range was between 0 ' 5 and 3 ~g with
saturating level at 7 yg TMA-N.

Neutralized TCA extract, neutralized PCA extract or fish
pressed juice worked equally' well. Using 7 day old cod �'C! the
pressed fish juice �7 times diluted! showed a slightly darker
pink color than either the neutralized TCA or PCA extracts of the
same dilution. When diluted 35 times or more, however, no
detectable color differences were observed for the 3 different
methods of sample preparation. Similar results vere found for
hake extracts.

Figures 1 and 2 illustrate the estimation of TMA levels in
aged cod and hake fillets vith the test strip and picric acid
asisays. Zxcellent agreement was observed for the 2 methods. The
TMA-N values for the picric acid method vere averages of 2
determinations while the values for the test strip method vere
averages of 4 determinations from 5 inexperienced judges.
Regression of these data gave a linear relationship between the 2
methods vith a slope of 0.65, intercept of 0.86 and r2 of 0.99 for
cod samples and a slope of 1.37, intercept of 1.01 and r2 of 0.96
for hake samples.

The test strip assay' was more rapid than any published
methods for determining TMA in fish extracts. By immersing test
strips in samples at 15 second intervals, at least 12 fish samples
can be assayed within 10 minutes. The method vas simple and
inexpensive. The only equipment required was a knife, a modified
syringe, disposable beakers and pipettes. Neither electrical
power nor potent protein precipitants such as TCA or PCA were
required to determine TMA in fish samples. Because of its
simplicity, rapidity and reproducibility, the test trips will be
useful for routine testing of microbiological quality of fish.
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PERFORKAKE CHARACTERISTICS OF FDA'S
SANPLIK PLASS FOR DECONPOSITIOI

OF FISH AlD SEAFOOD

Alvin P. Rainosek
National 34rine Fisheries Service, KAA
iational Seafood Inspection Laboratory

P. 0. Drawer 1287, Pascagoula, NS 39568-1287

IXTRODUCTIOIW

Sampling plans are extensively used in practice as a means of
gathering data to assist in determining whether or not the product
produced <usually on a lot-by-lot basis! satisfies one or more
specifications. Since the conclusions drawn from the sampling and
analysis process are applied to the total production  lot! under

|, ~ll «I ibiU f ~
decision on the actual lot status, i.e., refection of a conforming lot
or acceptance of a nonconforming lot.

Of interest then, or at least it should be, is to what extent does
the sampling plan being used protect the producer/consumer against making
incorrect decisions when faced with lots of varying quality. In this
context, how a sampling plan perfonas, i,e., its so-called. performance
characteristics, is usually described by that plan's operating
characteristic or OC curve. This curve indicates the chance of lot
acceptance for lots of varying quality and can be presented in 'tabular
and graphical form.

For the typical and. simplest type of sampling plan, a 2 class plan
<e,g., each sample unit selected is judged to be defective or
nondefective relative to a certain specification!, a few selected values
on the OC curve are used to basically describe the performance of that
plan. Conventionally, these selected values are the Acceptance guality
Level  AJL! and its associated Producer's or Seller's Risk of 5Z, the
Indifference Value  IV! and its corresponding Indifference Risk of 58Z,
and the Re]ectable guality Level <RQL! with its associated Consumer's or
Buyer's Risk of 18Z.

For example, suppose we are using a 2 class sampling plan that
requires 12 sample units with an acceptance number of 1, This means
that if 8 or 1 of the 12 sample units are defective, then the lot is
accepted; but if two or more are defective, then the lot is rejected,
This sampling plan  using the Binomial probability distribution! has the
following performance characteristics:

A9L = 3.8Z IV = 13.6Z RJL = 28.8Z
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~A L: If the entire lot actually has ~Z defective units, there is a
95Z chance that this sampling plan will indicate lot acceptance
 or a 5Z chance of lot rejection!.

IV: If the entire lot actually has ~% defective units, there is
a 5@% chance of lot acceptance <or a 5M chance of lot
rejection!.

~R L: If the entire lot actually has g8.8% defective units, there is
a ISZ chance of lot acceptaace  or a 9M chance of lot
rejectioa!,

This paper preseats the performance  operating! characteristics of
sampling plans for decomposition used by the Food aad Drug Administration
<FDA! in four seafood categories: �! Fish  Fresh or Frozen!, Compliance
Policy Guide <CPG! 7188.$5, �! Canned Salmon, CPG 7168.18, �! Shrimp�
Fresh or Frozen Raw Headless, Peeled or Breaded, CPG 7188.11, and
�! Caaned Albacore, Skipjack and Yellow Fin Tuna, CPG 7188.24. These
sampliag plans, however, are not of the simple 2 class type as described
above. For fish, shrimp and canned salmon, FDA uses several different 3
class plans corresponding to three classes of decompositioa. For canaed
albacore, skipjack and yellow fin tuna, the FDA utilizes a 4 class
sampling plan corresponding to four levels of histamine content.

For 3 and 4 class sampliag plans, a simple descr'iptioa of their
performance characteristics using one set of values for the AgL, IV and
RQL is not appropriate. These values would have to be reported for one
classification at various fixed levels of the other classifications and
would quickly become complicated aad,' of questionable practical use,
Generally, the most useful presentation of the performance characteristics
of 3 and 4 class sampling plans is to employ 2 aad 3 � way tables. For
example, the rows of a 2 � way table could represent various levels of
Class 2 decomposition and, the columns could denote different levels of
Class 3 decomposition. The tabular value found in the intersection of
each row with each column would then indicate for that sampling plan the
chance of lot acceptance for those row and column values of Class 2 and
Class 3 decomposition,

In this paper, 2 � way tables are presented which describe the
performance characteristics of FDA's sampling plans for decomposition of
fish aad seafood. I want to thank aad express my appreciation to the
Division of >lathematics, FDA, for their cooperation and assistance in
providing these tables.

628



EVALUATION OF FDA SAMPLING PLANS
FOR DECOMPOSITION IN FISH AND SEAFOODS

The sampling plans of Compliance Policy Guides 7108.05, 7108.10,
7108.11, and 7108.24 were evaluated employing computer simulation and/or
mathematical calculation involving either the uniform, binomial, multi-
nomial, or double hypergeometric probability distributions or combina-
tions of these in double and multi-stage sampling schemes.

A. Guide 7108.05 Fish  Fresh or Frozen! � Adulteration Involving
Decomposition

1. Criteria for Decomposition - �! 5X or more of the fish or fillets
in the sample  but not less than 5! show Class 3 decomposition over
at least 25Z of their areas; or �! 20X or more of the fish or fil-
lets in the sample  but not less than 5! show Class 2 decomposition
over at least 25X of their areas; or �! the percentage of fish or
fillets showing Class 2 decomposition as above, plus 4 times the
percentage of those showing Class 3 decomposition as above, equals
at least 20 percent and there are at least 5 decomposed fish or
fillets in the sample.

2. Though the product is defined by three classes of decomposition,
the rejection criteria involving these three classes was of suf-
ficient difficulty to require computer simulation to evaluate the
0. C. Curves. A program was written employing a uniform distri-
bution  UD! with values ranging between 0 and l. A lot, say, 80X
Class 1, 10X Class 2, and 10X Class 3 decomposition waa considered
in one-to-one correspondence to UD; and, for example, if a random-
ly chosen value from UD times 100 was between 0 and 80 the value
was considered in Class 1; if a randomly chosen value from UD times
100 was between 80 and 90, the value was considered in Class 2; and
if a randomly chosen value from UD times 100 was between 90 and 100,
the value was considered in Class 3. The random sampling from UD
and the value transformations were replicated until 50 values  the
number of fish up to 3 lbs in a sample! were chosen. The criteria
for decomposition was then used to test the sample to assess the
pass/fail status. Approximately 1000 random samples of 50 sub-
samples each were subjected to the criteria for decomposition for
each specified percentage of Class 1, Class 2, and Class 3 decompo-
sitions.

3. The following table provides simulated 0. C. values  X! for the
probability of accepting a lot of bulk fish, each weighing up to
3 lbs., based on a random sample of 50 fish. In this table, Percent
Class 2 represents the percent of fish in the lot with Class 2 decom-
position over at least 25X of their areas, and Percent Class 3 denotes
the percent of fish in the lot with Class 3 decomposition over at
least 25 Z of their areas.
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Percent Class 3

1 3 5 10 l5 20

Percent

Class 2

B. Guide 7108.10 Canned Salmon � Adulteration Involving Decomposition

Regulatory Action Guidance:

The following represents criteria for direct reference seizure to
ACRA, and for direct citation by District Offices.

Examination of the entire sample by two qualified organoleptic analysts
in the Seattle District in accordance with the sampling plans  Tables I
and II! show either:

l. A number of defective cans that equals or exceeds the numbers re-
quired for action  Tables I and II!. or

2. Two or more Class II cans in either the first or total sample.
Note: One Class III can in the first sample of any lot size is
a basis for resampling. The term "defective cans" as used in the
criteria above and in Tables I and II includes both Class II cans
and Class III cans.

3. The probabilities of acceptance were determined by using a multi-
nomial in three classes converted to a double hypergeometric as
the underlying probability distribution for a double sampling
plan. Specified percentages of Class I, Class II, and Class III
were defined and used as the parameters to calculate the proba-
bilities for a double sampling plan. Table I, Plans 1-7 presents
the sampling plans and probabilities of acceptance for cans of
salmon weighing 4 pounds through 1 pound. Table II, Plans 1-7
presents the sampling plans and probabilities. of acceptance for
cans of salmon weighing over 1 pound through 4 pounds.
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Guide 7108.11 Shrimp Fresh or Frosen Raw Headless, Peeled or
Breaded Adulteration Involving Decomposition

1. Criteria for Decom osed Subs: A sub shall be classified
as decomposed: If five percent �R! or more of the
shrimp are class 3; or if twenty percent �01! or more of
the shrimp are class 2; or if the percentage of class 2
shrimp plus 4 times the percentage of class 3 shrimp
equals or exceeds twenty percent �0K!.

2. The product is defined by three classes of decomposition.
The probabilities of acceptance were determined using the
simulation procedure described in A. 2 above to estimate
the percent decomposed for specified percentages of class
1, class 2, and class 3 using the above criteria for
decomposition. The estimated percentages were then used
to determine the probabilities of acceptance based on the
binomial distribution. The sampling plans are as follows'.

NO. OF SUBS

EXAMINED  N!
ACCEPTABLE NO.

DECOMPOSED  C!

6
12

18

645

3. Presented in the following tables are the  a! simulated
percent decomposed subsamples,  b! probability of accepting
a lot using a N 6, C~1 plan,  c! probability of accepting
a lot using a N 12, C~2 plan, and  d! probability of
accepting a lot using a N~18, Ce3 plan.



~ ''! lialsted Percent decosposed based on criteria for decoayosition and
~ ssnnin8 100 shrinp Per sub.

Percent Class 3

1510

PerCent
Class 2

b.! Probability of Acceptin8 �! A Lot Qsin8 A n~6, C~L Sanplin8 Plea

Percent Class 3

10

Percent
Class 2
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0 1
3
5

10
15
20

0 1
3
5

10
15
20

0.0
0.0
0.0
0.0
0.2
8.2

55.2

LGO.OO
100. 00
100.00
100.00
99. 99
91. 92
6.79

0.4
0.6
0.8
2.4

15.8
44.2
77.2

19.8
21.2
23.2
34.2
52.0
84 ' 0
96 8

99.98
99.95
99.91
99.19
75.76
17 ~ 37
0.30

55.6
59.6
S9.8
70.8
86.0
9S ~ 4
99.6

66.03
62.59
57.71
33.43

9.17
0.05
0.00

97.$
98.2
99 ' 2
99.4
99.6
99.8

100eO

6.52
4.52
4.19
0.96
0,03
0.00
0.00

99.8
100.0
LOO.O
100.0
100.0
100.0
100.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00



c.! Probability of Accepting  X! A Lot Using A n~l2, c 2 Sampling Plan

Percent Class 3

10

Percent
Class 2

d.! Probability of Accepting  X! A Lot Using A n~lg, c 3 Sampling Plan

Percent Class 3

10

0 100 F 00
1 100.00
3 100.00
5 100.00

10 100.00
15 95.54
20 0 ' 09

Percent
Class 2
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0 1
3
5

10
15
20

100.00
100 F 00
100.00
100 F 00
100.00
93.08

0.76

100.00
100.00
99.99
99.74
70.80

4.73
0.00

100.00
100 F 00
100.00
99 ' 92
68.58

1.42
0.00

56.54
51.62
44.83
16.51

1.37
0.00
0 F 00

50.97
45.02
37.06

8.89
0.23
0.00
0.00

0.70
0.31
0.29
0.02
0.00
0.00
0.00

0.08
0.02
0.02
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00



D. Guide 7108.24 Decomposition and Histamine in Canned Albacore,
Skip!ack and Ye3.lowfin Tuna

1 ~ Criteria For Recommending Legal Action to the Division of
Regulatory Guidance  DRG!

a.! Danger to hea3.th: The histamine content of any sample
equals or exceeds 50 mg per 100 grams in both the original
and check analysis; or referral to DRG is authorized where
there is documented evidence of an illness associated with

tuna containing levels of histamine lower than above.

b.! Decomposition: A minimum of two subsamples  cans! per
samples equals or exceeds 20 mg histamine per 100 grams in
both the original and check analysis.

c.! Referral: Referral to DRG is authorized where a
minimum of two subsamples  cans! per samples contain
between 10 and 20 mg histamine per 100 grams  both
original and check analysis! and either odor or

is present and confirmed by a qualified
organoleptic analyst.

d.! For the purposes of this guide, 24 subsample of canned
tuna will be examined organoleptical3.y and for histamine.

2. Class Designations for Histamine Levels  mg/100 grams!

Class 1 � X 9

Class 2 � ~ 10 to 19 and either odor or

honeycombing confirmed to be present as above.

Class 3 - > 20 to 49
Class 4 -> 50

3'. Decision Rule For Four Class Sampling Plan

a.! The lot is accepted if the original analysis indicates lot
acceptance  i.e., En a sample of size 24 cans, there are
no more than one can with histamine levels in Class 2, and
no more than one can with histamine level in Class 3, and
no can with histamine levels in C3.ass 4!; or, the lot is
accepted if the original analysis does not indicate lot
acceptance and the check analysis indicates lot acceptance
based on the above criteria for number of cans sampled
and the acceptance numbers associated with Class 2.
Class 3, and Class 4.
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4. The probabilities of acceptance P A! were determined by
using a multinomial expression involving four class
designations'

P A!~ N!/Kl!K2!K3!K4!! Pl**Kl! P2**K2! P3**K3! P4**K4!
where Pl-P4 are the proportions of units having histamine
levels in Class l through Class 4, respectively; and Kl-K4
are the number of subsamples in N 24 that are permitted to
have histamine levels within the class range levels.

5. Tables 1-7 present the probabilities  X! of acceptance based
on the decision rule 3.a. above. En these tables, P2, P3,
and P4 are the percentages of subsamples in the lot that
fall in Class 2, Class 3, and Class 4, respectively.
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Table l.

1510

Table 2.

1510

650

P P /P4 0

0 100

5 88 ' 5
10 49 F 9

0 15 20 1

20 6.5

25 1.8

30 0.4

40 0 ' 0

P P3/P4 0

0 99 ' 9
5 87.3

10 48.7

15 19.5

1 20 6.3

25 1.8

30 0.4

35 0.0

95.4
76.6

40.1

15.5
4.9

1.4

0.4

0.0

94.6
75.2

39.0

15.0

4.7

1.2

0.2
0.0

73.1

52.5
24.8

9.0
2.8

0.8

0.2

0.0

71.8
51.4

24.1

8.8

2.6
0.6

0.2
0.0

49.9

33.7

4.8

5.1
1.4

0.4

0.0

0.0

48.7
32.9

14.4

4 ' 9

1.4
0.4

0.0
0 ' 0

15. 4

9.6
3.8

1.2

0.4

0.0

0.0

0.0

14. 8
9.2

3.6

1.2

0.2

0.0

0.0
0.0

4.0
2.4

O.S

0.2
0.0

0.0
0.0

0.0

4.0
2.2

0.8

0.2

0.0
0.0

0.0

0.0



Table 3.

1510

Table 4 ~

10 15

9.6 2.4

5.7 1.4
2.2 0.4
0.6 0.2

0.2 0 ' 0

0.0 0.0

0.0 0.0

Table 5.

10 15
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PP/PO

0 97.4

5 79.8
10 42.2

3 15 16.3
20 5.1

25 1.4

30 0.4

P2 P3/P4 0

0 88.5
5 67.3

10 33.3
5 15 12.4

.20 3. 8

25 1.0
30 0.2

P P/P 0

0 49 ' 9
5 33.3

10 14.3
10 15 4 7

20 1.2

25 0.4

30 0.0

88. 2

67.2

33.4
12.4

3.8
1.0

0.2

76.6

55.4
26.0

9.4

2.8

0.8

0.2

40. 1
26.0

10.9

3.6

1.0

0.2

0.0

64 ~ 0
44. 6

20.4
7.1
2.2

0.6

0.2

52.5

35 ' 5
15.5

5.3

1.6

0 ' 4

0.0

24.8
1:5.5

6;1

2.0

0.4

0.0

0.0

42.4

28.1
12.0

4.0
1.2
0.2

0.0

33.7
21.9

9.0
3.0

0.8

0.2

0.0

14.8

9.0

3.4

1.0

0.2

0.0

0.0

12.6

7.6

3.0
0.8
0.2
0.0

0.0

3.8
2.2

0.8

0.2

0.0

0.0

0.0

3.2

1.8

0.6
0.2
0.0
0.0
0.0

0.8
0.4

0 ' 2

0.0

0.0

0.0

0.0



Table 6.

10

Table 7.

15
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P2 P3/P4 0
0 20.1

5 12.4

15 10 4.7
15 1.4

20 0.2

25 0.0

P2 P3/P4 0

0 6.5
5 3.8

20 10 1.2

15 0.4

20 0.0

15.5

9.4

3.6

1.0

0.2
0.0

4.9

2.8

1.0

0.2
0.0

9.0

5.3

2.0

0.6

0.2

0 ~ 0

2.8

1.6
0.4

0.2

0.0

5.1

3.0

1.0

0.2

0.0

0.0

1.4

0.8

0.2

0.0

0.0

1.2

0.6

0.2

0.0

0.0
0.0

0.4

0.2
0.0

0.0

0.0

0.2
0.2

0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0
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MODEL SEAFOOD SURVEILLAKE PROGRAM

E. Spencer Garrett and Martha A. HudaR-Roos
NOAA/%PS/National Seafood Inspectioa Laboratory

P. 0, Drawer 1287, Pascagoula, KS 39568-1297

IXTRODUCTIOX

Seafood inspection is one of the most discussed topics in the area of
food inspection today, Attention from the media, consumer groups, aad
Congress has brought seafood inspection to the forefront of food
protectioa discussions.

MODEL SEAFOOD SURVEILLAECE PROGRAM

Because of the attentioa dram to seafood inspection by such consumer
groups as "Public Voice"  Public Voice 1986, 1987!, TV exposes, and
legislative proposals  U.S. Congress H.R. 1483; U.S. Congress S, 1813!
requesting the mandatory federal inspection of fish aad fishery
products, Congress appropriated 4358,988 to FOAA  Report to Accompany
H.R, 5161! for a two �! year study designing a program of
certification and seafood surveillance.

The Congressional mandate requires XOAA to base the program oa the
HACCP system aad coasult and coordinate with FDA, USDA, the fish and
seafood industry and the States. Initial worR on the project began in
Fiscal Year  FY! 87.

The objective of the Model Seafood Surveillance Program <TBSP! is to
design a fishery products surveillaace system which will provide
consumers reasonable protection in the consumption of fishery
products. This system, based upoa the HACCP concept, will provide for
equitable treatment amoag domestic aad imported products,

In order to systematically follow a HACCP approach, the ESP has opted
to follow the recommendatioas made in a report published by the
lational Academy of Sciences  %AS! ia 1985  ERC 1985!. This report
defined the recommended procedures for utilizing HACCP ia food
processing plants, In the 1985 publication, the 3'AS emphasized that
while regulatory authorities should provide the broad outline of a
HACCP system for each commodity, the specific details of applying HACCP
should be the prerogative of each industry. The %AS recommends that
industry commodity groups should taRe the lead to define each
operational step of a processing operation, indicate the hazard, and
relative importance in each step, identify the critical control points
for the significant hazards, define preveatative measures to minimize
the hazard, and detail the monitoring procedures either by observation
or measurement which can be used for compliance procedures. After such
an industry drivea system is developed, the regulatory authorities
should then have the opportunity to assess the appropriateness of
selected critical control points and monitoring procedures, Further,
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the WAS recommended that regulatory authorities should have the
prerogative to review the action taken when in-plant monitoring results
indicated the need for corrective action.

Having made the decisioa to follow the recommendations of this KAS
publication, IIFS built on this basis for the conduct of the study by
classifying potential consumer hazards in the coasumptioa of foods,
including seafoods, into three categories, i.e., �! product safety,
<2! plant/food hygiene, <3! economic fraud <see Figure 1!.

Our initial efforts ia this study to address public health hazards
have focused on separating perception from fact. Causative agents of
public hazards in seafood are either environmental <natural or
man-made!, or process or distribution-chain induced. In reality, a
review of the Ceater for Disease Controls'  CDC! seafood-borne illness
outbreaks published data <CDC 1979-1985! indicate that the problem is
manageable. Specifically:

eighty-seven perceat of seafood related illnesses are
attributed to very few species � those that are
ciguatoxic, scombrotoxic, or illness commonly associated
with raw molluscan shellfish consumption  Ciguatoxin aad
scombrotoxin are primarily found ia fishes located in
tropical waters, Specific species sometimes related to
ciguatoxic or scombrotoxic illnesses include red snapper,
grouper, barracuda, jacks, mackerel, tuna, and mahi-mahi!;

eighty-one percent of all seafood related, illnesses are
reported, from only nine  9! states or territories:
Hawaii, Puerto Rico, Virgin Islands, Guam, Sew Yo&,
California, Washington, Connecticut and Florida;

nearly one-half of all seafood related illnesses �9'L!
are reported from just four �! states or territories:
Hawaii, Puerto Rico, Virgin Islands, aad Guam;

thirty-five percent of all seafood related illnesses are
reported from Hawaii with ciguatoxin aad scombrotoxin as
the priacipal causative agents.

Public safety issues in the consumption of seafood are compounded,
however, with the fact that 65'L of total U.S, seafood consumption is
from imported product. These issues caa be resolved, aad it is the
intention of the NSSP to have the I'AS address, through a two-year
contract, product safety issues associated with seafood, From this we
hope to gain insight into problems, the relevaacy of current programs
established to handle these problems, and options to further improve
seafood safety.

Food hygiene and economic fraud issues will be addressed through
industry workshops.
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Following the recommendations made by ]fAS in their prev'ously
mentioned publication, the MSSP is designed to have industry take the
lead in defining the criteria by which they should be inspected, In
operating under a Saltonstall-Kennedy grant to industry, the Program
plans to conduct workshops on a commodity by commodity <industry by
industry> basis. The workshop attendees will examine the hazards
associated with the end use of their product and develop a HACCP model
applicable to their industry. The model will cover plant hygiene
<sanitation!, food hygiene  wholesomeness!, and economic malpractices
 fraud!. The attendees will then nominate a steering committee to
follow the testing of the model in e statistically representative
number of plants in their industry. The testing will be done by
representatives of the MSSP who have previously signed an oath
protecting confidential plant information.

The conduct of this program described above has been placed under
the direction of E. Spencer Garrett, Laboratory Director, Xatioaal
Seafood Inspection Laboratory with a core team of senior INMFS
staff. The study conduct is detailed in a Plans of Operation
<PLAXOPS! manual. The team is in contact with FDA, USDA, CDC, other
KAA components and %AS. By request, they are appraising state
agencies, interstate associations, and industry associations of the
program and progress.

To date two workshops have been completed, one for breaded shrimp
 Tampa, Fl, October 6-8, 1987! and one for cooked shrimp  Chicago, IL,
3'ovember 3-5, 1987!. Of the thirty steps identified by the industry in
producing breaded shrimp, nine were considered critical. Much the same
was true for cooked shrimp processing. In-plant testing of the HACCP
model developed by the breaded shrimp industry is scheduled to begin
the last week in January 1988, The in-plant testing for the HACCP
Cooked Shrimp Model will be conducted concurrently with the Breaded
Shrimp Model. A raw shrimp  headless and peeled meat! HACCP Vorkshop is
scheduled to be held at the Sew Orleans Airport Sheraton Hotel, January
19-21, 1988. Additional workshops which are being considered include:
raw, whole, dressed, steaked, and filleted fish; molluscan shellfish;
imports; vessels; blue crab; Ring, snow, and dungeness crab; special
product hazards with Pacific and Caribbean species; smoked and, cured
products; breaded fish and specialty items; scallops; and lobsters.

Upon completion of all the workshops and the %AS contract, KAA
intends to deliver to Congress a surveillance system for seafood
products which will contain options for possible implementation with an
economic and feasibility analysis of each option. During the conduct
of the workshop- information for plant quality assurance manuals wil],
have been developed for each industry, These manuals have applications
for industry Quality Assurance and management personnel as well as
government regulatory officials,
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The model seafood surveillance system then, as delivered to Congress,
will be based on the HACCP principle, separate the nice fram the
necessary, have intensive industry input, have been built on existing
state, federal, aad industry programs, address ma!or problem areas, and
offer a basis from which inaovative consumer education techniques might
be drawn,
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CONTR!BUTION OF CATHEPSIN C TO THE FERMENTATION OF FISH SAUCE
PREPARED FROM CAPELIN  MALLOTUS VILLOSUS! AND SQUID HEPATOPANCREAS

Nongnuch Raksakulthai and Norman Haard
Institute of Marine Resources

Department of Food Science and Technology
University of California

Davis, CA 95616

INTRODUCTION

Capelin  Mallotus villosus! is the most abundant fish in the North
Atlantic and o~ne o the top ten species landed in the world  Anon., 1981!.
More than 99% of the world capelin catch is used for the production of meal
and oil  Jangaard, 1974!. In Canada, male capelin are a by-catch in the
fishery for roe-laden female fish. A problem with producing fish sauce from
male capelin was reported earlier  Raksakulthai, Lee and Haard, 1986!. It was
observed that the fermentation rate using capelin: salt �:1 w/w! was very
slow and the sauce obtained after more than 1 year contained a relatively low
content of soluble nitrogen compounds, e.g. less than half the free amino acid
content of ceaaercial products from Thai land or Philippines. Addition of
either pronase, trypsin, chymotrypsin, or fungal protease 31,000  Miles
Laboratories, Elkart, !N! to salted capelin was effective in accelerating the
rate of fermentation and yielded products containing a relatively high content
of soluble nitrogen. However, the sensory evaluation of fish sauces prepared
with proteolytic fermentation aids indicated they were less acceptable than
coaeercial products.

Earlier we found that supplementation of the fermentation of squid or
herring with hepatopancreas tissue from Atlantic short finned squid   Illex
il'lecehrosus! helped to develop the desirable taste of these products~Lee,
r .182!. 5
fermentation for capelin fish sauce and, as well, yields a product rated very
high by sensory evaluation  Raksakulthai et al., 1986!. The purpose of this
study was to understand why squid hepatopancreas tissue acts to both
accelerate the rate of fish sauce fermentation and to yield an excellent
tasting product.

MATERIALS AND METHODS

Preparation of fish sauce-

Inshore capelin were harvested by hand net near St. John' s,
Newfoundland. Females were removed and the male fish were washed with tap
water and ground to pass a 6 mm plate fitted to a Hobart 7 horsepower meat
grinder. The mince was mixed with salt at a ratio of fish to salt, 4:1
 w/w! . The mixture was left at 4 C for 16 h to allow equi libration of the
brine. Duplicate 1 Kg samples were packed in glass jars. Squid
hepatopancreas tissue, normally 2.5X w/w of brined mince, was added to jars ta
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aid the fermentation. The jars were incubated at ambient temperature �0-
24 C! for up to 6 months. The liquid  fish sauce! was recovered by filtration
through Whatman No. 1 paper.

Squid hepatopancreas tissue which had been heated 30 min. at 1GO C to
inactivate proteo'lytic enzyme activity was also added to fish-brine to
determine if it affected the fermentation. A set of experiments was designed
to test the contribution of capelin digestive enzymes to the fermentation,
i.e. fish were eviscerated prior to mincing. Another set of experiments was
designed to test the contribution of bacteria to the fermentation, i.e 100 mg
gentamycin sulfate was added to each Kg fish-salt at the start of the
fermentation. Also, the influence of pH on the rate of fermentation was
evaluated by adjusting the pH of fish-brine using 6 N HCl or 50% NaOH.

Analytical Methods-

The pH of fish sauce was measured directly with a pH meter . The degree
of protein hydrolysis was measured by formol titration as described by
Beddows, Isamai l and Steinkraus �976!. Free amino acids were determined by
di luting one volume of fish sauce in 99 volumes water, de-proteinizing with
12%  w/v! sulfosalicylic acid and appropriate dilution with 0.2 M Lithium
citrate, pH 2.2 prior to analysis in a Beckman Model 121MB analyzer  Beckman
bulletin 121MTB-013!. Soluble protein was estimated by the Biuret method
 Cooper, 1977! and total nitrogen by micro-kjeldahl  Lang, 1958!. Sodium
chloride was determined according to the volumetric method in AOAC �980!.
Total viable bacteria was estimated using trypticase soy agar and trypticase
soy agar with 10% NaC1 and reported as described by Gi lli land, Busta, Brinda.
and Campbell �976!. Sensory evaluation was by a panel of 5 Vietnamese-
Canadians using a nine point hedonic scale and analyzed for statistical
significance  Larmond, 1977!. The molecular size distribution of hydrolyzed
protein in fish sauce was evaluated by gel filtration or Bio-Gel P-2, 80x1.5
cm, and eluted with 0.05 N HCl containing 0.1 N NaC1 at 20 ml/h. The
absorbance of eluant at 214 nm was monitored with a Waters Model 441
ultraviolet detector.

Isolation of Proteolytic Enzymes-

The enzymes in the fermentation brine were recovered from the fish sauce
by ultrafiltration. A Mi llipore Ultrafiltration Pellicon Cassette system with
polysulfone filter of 10,000 dalton nominal exclusion limit was used to remove
salt and other low molecular weight components from the fish sauce. The
retentate was dialyzed against about 100 volumes  x3! of distilled water at
4 C for 72h. Cathepsin C was purified from squid hepatopancreas as described
by Hameed 5 Haard �985!.

Assay of Protease Activity-

Protease activity was measured with azocasein substrate, i.e. the assay
mixture contained 1.0 ml 1.5% azocasein, 0.9 ml 0.2 M sodium acetate-HCl, pH
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6.0 and 0.1 ml enzyme. After incubation at 30 C for different time intervals,
the reaction was stopped by the addition of 0.5 ml 20K trichloroacetic acid.
Thirty minutes later the mixtures were filtered through Whatman No. 1 paper
and the filtrate Absorbance at 366 nm was read. The pH of the assay solution
was varied from 2.2 to 8 by use of 0.1 M citric acid-0.2 M Na2HP04  McIlvaine,
1921!. Cathepsin C was assayed for dipetidylhydrolase and for transferase
activity as described by Hameed 4 Haard �985!.

RESULTS AND DISCUSSION

Analyses of Fish Sauce-

Fish sauce prepared with 2.5% squid hepatopancreas  SHP! received
significantly higher sensory scores than product prepared with heated-SHP, SHP
added to fish-brine which had been adjusted to pH 4.5, or with no added SHP
 Table 1!. Sauce prepared with SHP at the natural fermentation pH had a
golden brown hue and was significantly darker than the other samples  Table
1!. Sauce prepared with SHP at about pH 6 contained significantly more total
nitrogen, formol N  titratable amine groups!, and free amino acids than the
other samples  Table 2!. Free amino acids were 78'X and 57% of total amino
acids  recovered after acid hydrolysis! respectively for SHP supplemented and
control fish sauce. Gel permeation chromatography revealed similar
fractionation patterns for the control and SHP supplemented sauces; however,
the void volume peak  protein! was larger and the lower molecular weight
fractions were smaller for the control sample  Fig. 1!. These data show that
the fish sauce prepared with SHP contained more protein hydrolysis products,
and also contained products which underwent more hydrolysis than occurred for
the other samples.

Influence of SHP on Rate of Protein Hydrolysis-

Protein hydrolysis proceeded at a faster rate when SHP was added to
brined fish  Fig. 2!. Samples containing SHP and which were made to pH 4.5,
showed a faster hydrolysis rate than the control during the first week; but,
there was less hydrolysis during the remainder of the 6 month fermentation.
The formation of free amino acids by all samples was more or less parallel to
that of formol nitrogen  data not shown!. The mole percentage of free and
peptide amino acids in the fermentation brine were not significantly different
for the three lots of fish sauce prepared at the natural fermentation, about
pH 6. However, the free amino acid composition of sauce prepared at pH 4.5
was different; the major free amino acid was leucine as opposed to alanine,
glutamic and lysine for the sauces prepared at pH 6. These data indicate that
the differences in protein hydrolysis for samples fermented at pH 6 were
mostly quantitative; whereas protein hydrolysis at pH 4.5 also gave different
products. The qualitative differences may explain why fermentation with SHP
at pH 4.5 gave a less acceptable product even though protein hydrolysis
proceeded faster than the control  Table 1!.
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Table 1. Properties of jish Sauce Prepared Mite aod Without the Aid of Squid
Hepatopancreas

Preference Scorez Lightness  L! Nac> X!Treatment

8 3b i8.8bSHP 5.92

5 3a 5.97

5 3a 5.99

4.8a 4.59

All samples prepared with fresh ma'Ie, inshore capelin and salt �:1 w/w! at
20-24 C for 6 months. SHP 2.5% squid hepatopancreas. Values in the same
column followed by the same letter are not significantly different  P <0.05!.

Preference score based on 9 point hedonic scale; comnercial product had a
score of 5.8. Data for SHP and control representative of fish sauces prepared
from capelin in three different harvest seasons.

Table 2. Nitrogenous Components in Fjsh Sauce Prepared With and Without the
Aid of Squid Hepatopancreas

Treatment Total-N Formol-N Protein-N
mg N/ml

NH3-N Free Amino Acid-N

3 42bSHP 4.78 8.94

Heated SHP

Control

2.55 3.68

2.52 4.48

SHP, Acidified 14.43a 6.143.66

See Footnote to Table i. Values are average of duplicate determinations for two
lots of fish sauce. Soluble protein-N was determined by dividing Biuret protein by

NH3 N is Formol-N less free amino acid -N and is probably somewhat
overestimated because it includes other sources of titratable -N.
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Heated SHP

Control

SHP, Acidified

23.85b

12.82

3 94a

i3.7zb

6.Z3'

7 00

9 80c

4 09c

3 74a

3.32

ze.z'

3i 4'

30 5

27.0'

28.8
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Figure 2- Progress of protein hydrolysis during fermentation of fish sauce at 20 C. SHP 2.5%
squid hepatopancreas. heated SHP proteolytic enzymes inactivated by heating; acidified
initial brine adjusted to pH 4.5 with HCI. All samples were prepared from 4 parts fresh
male, inshor e capelin and 1 part NaCl w/w!. Formol N is a measure of titratabie amine groups
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Enzymes contributing to the fermentation-

Fish sauces prepared from eviscerated capelin underwent a slightly, but
statist1cally significant  P%.05! lower rate of protein hydrolysis than was
observed for round fish  Figure 3-A!. Using a triangle test for product
identification, judges could not distinguish between fish sauce prepared with
and without evisceration; i.e. the contribution of digestive proteases to
fermentation was minor.

Addition of a broad spectrum antibiotic  gentamycin sulfate! to the
fermentation brine was effective against the growth of microorganisms. No
viable cells were detected in antibiotic treated fermentation brine for the
duration of the experiment while the control, initially containing 5.3 x 10
CFU/g in growth media with 10% NaCl, contained detectab'Ie bacteria during the
first few weeks of the fermentation  Figure 3-8!. However, the antibiotic
treatment d1d not influence the rate of protein hydrolysis  Figure 3-B!.

Ultrafiltration of fish sauce samples, using a 10,000 dalton exclusion
membrane, was effective in recovering all of the residual proteolytic activity
in the retentate fraction. The pH optimum for hydrolysis of azocasein with
enzyme isolates from either control or SHP-sauce, was 6.0. Assay of these
samples revealed the sauce supplemented with SHP contained 3 times as much
general protease activity at pH 6. Both samples contained aminopeptidase
activity, however, the rate of this reaction was not different in the
samples. Moreover, the transferase activity with Gly-Phe-NH2, a reaction
specific for cathepsin C  Fruton, 1982!, was 7 times as active in enzyme
isolate from SHP-sauce compared to that from the control-sauce.

The pH optima for rate of protein hydrolysis during fermentation  judged
by formol titration!, for hydrolysis of azocasein by the enzyme s! recovered
from sauce by ultrafi ltration, and for dipetidylaminopeptidase activity of
Gly-Phe-NA  a cathepsin C substrate! by enzyme s! recovered from the sauce
were each 6.0  Figure 4-A,B,C!. Indeed the pH-activity profile f' or azocasein
hydrolysis and cathepsin C activity were very similar  Figs. 48,C!. These
data indicate that cathepsin C may be a key enzyme in the fermentation of fish
sauce from capelin. The dipept1dylaminopeptidase reaction of this enzyme
results in formation of dipeptide products, which may subsequently be
hydrolyzed to free amino acids by amino peptidases. Since SHP did not
contribute aminopeptidase activity to the fermentation and since free amino
acid accumulation paralleled overall fermentation rate in both samples, it
appears that contribution of cathepsin C rather than aminopeptidase explains
the utility of SHP as a fermentation aid.

Additional evidence for the involvement of cathepsin C-

Three additional lines of experimentation support the notion that
cathepsin C contributes to this fermentation. First, the
dipeptidylaminopeptidase activity of purified cathepsin C from SHP is
dependent on Cl and is activated by low levels of NaCl  Fig. 5!. Secondly,
when the residual enzyme activity from fish sauce is assayed at. increasing
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Fermentation Time Weeks!
Figure 3 � Progress of protein hydrolysis during fermentation of fish sauce at 20 C.
A. Eviscerated capelin- fish were eviscerated to remove digestive erzymes prior to addition of salt;
B. antibiotic treated- addition of 0.14 gentamycin sulfate to the brine at the start of the
fermentation. Line without data points is bacterial colony forming units for control.
Antibiotic treated sample contained no detectable bacteria during course of fermentation.

665

Cl
L

2 a
U.

E
ch
E

CO

L

Z 0 E
L

8

6

2 0

R

6 0

~O
II

4

X

2



Rate of of protein hydrolysis in sauce as a function of fermentation pH
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Figure 4 � Influence of pH on rate of fermentation and key enzymes involved with fermentation.
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NaCl concentrations, gener al protease activity is progressively inhibited,
i.e. at 4 M NaCl the rate of azocasein hydrolysis was only 5X of that at 25 mM
NaCl  Fig. 6!. However, the dipeptidylaminopeptidase activity retained about
70% of the optimal activity observed in 25 mM NaC1. Substantial
aminopeptidase activity was also sustained when the salt concentration of the
assay medium was like that in the fermentation brine  Fig. 6!. Thirdly, when
the residual proteases isolated from fish sauce were assayed at low NaC1
concentration, part of the azocasein hydrolyzing activity was inhibited by
trypsin inhibitor �5% inhibition at .25 mg 0.1 ml enzyme!, part by EDTA �%
inhibition at 1 mM! and part by pCMB �� inhibition at 1 aN! indicating the
retention of several types of protease in sauce. However, when the same
enzyme s! were assayed in a reaction medium containing 4 M NaC1, only
sulfhydryl protease inhibitors  pCMB or HgC12! inhibited the reaction.
Cathepsin C is a sulfhydr yl protease and is sensitive to pCMB or HgC1>
 Fruton, 1982; Hameed 4 Haard, 1985!; thus the data for protease inhi6itor
studies are also consistent with the retention and active expression of
cathepsin C activity in the fermentation brine.

CONCLUSIONS

Both dipeptidylhydrolase and transferase activities of cathepsin C
probably contribute to the high degree of hydrolysis observed during
fermentation of capelin; i.e. approximately 80% of the protein amino acids are
hydrolyzed to free amino acids in 6 months. The dipeptidylhydrolase reaction
produces dipeptides which appear to be hydrolyzed to free amino acids by
aminopeptidase s!. The transferase reaction can "shuffle" the sequence of
those peptides which are not amenable to hydrolysis by the hydrolase reaction,
thus creating new peptides which have the appropriate N-terminus for
subsequent hydrolysis by the dipetidylhydrolase reaction.
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C.
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WiU.iam B. Nilescel, Hl.D.
Research Chaa~

Northwest and Alaska Fisheries Cenbm.
Utilizatica Research Divisicm
2725 RmtMce Boulevaxd East

Seattle, ML 98112

Prelimdnary evicLsnce fran amoral clinical sbxties has created an increasing
Id,

Ixa!
esters derived fran >aenhaden oil usia supercritical fluid ~ has been found
caIxkQ.e of producing EPA and QR in purities as high as 954. ~rs affecting
yield and pvm3uctian rates will be discussed.

SERI' RRXT$88S CP MKSHQKX HXt HK RR

IRRlal Z~al!
XN BK HLSZEHN ~ OP MEKCCO

William Z. Lia9berg
Department of F~ies & Aquaculture

University of Florida
7922 N.W. 71st Street

Gainmmrille, Flarida 32606

Frank Loci&art

Univeris~ of Florida

Harriet Perry and Richard %aller
Gulf Qoast Research Labozatcny-

Sukcmesihle transects and trap sampling confixmed cancentratians of golden
crabs �! alang intemnediate depth cxmtems, associated with rock autarcypings,
and �! off peninsular Florida rather than the northern Gulf. Red crabs were
decor and at northern as well as southern statians. Bath species showed sex
dif fere'=es in distribution.
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Tyre C. Laniar
Narth Carolina State University

Food Scierxm DepertzImnt
Narth Carolina State Uhiversity

Raleigh, NC 27695-7624

Ml
'~ gg ty

Y
SubcmIIittee of the Suruai ~ttee, Natianal Fisheries Institute. The

't
purposes of least cost fanmlation. It was found that, althLmgh the effect of
water addition alcaic on gel texture was samwbat ~xtedicatable, mhctures of
surimis at the sam misture ex+tent f~ gels in a fairly predictable

/ !
sensitive indicators of gelling quality than a l.east~xxoerxtratian endpoint
test.

SGRZMK STUMBLE CN MZER HLKE g~ggfg+ g@g~!

E.G. Bligh and K. Spatter
ChnmBan Institute of Fancies 'X~>3.ogy

Ted>nical University of Nova Scotia
Halifax, Cauda B3J 2X4

A series of studies uxhmmy at the Can' dim Institute of Fisheries Technology
 fua9ed by Fisheries and Oceans Canasta and N.S.E.R.C. ! is emunininp the
praising pazanmbma and product perfozmarme associated with the use of

ane of the tavy~ species and data will be presented an the effects of post-
mortem age, use of fmzen material, water washman regime,, etc., on surimi
cpality.

EFHK3'. OF TiQSIKQK lXf MZGBKZ X%CGXQN CZMXNT IN MRK MD OBDBQRY
NKCXE 'l58SGES CMR3ll6D i%KM 36XANTXC %%HAKIM

D.P. Green and T.C. Zanier
Food Scieme Department

~ Carolina State University
Raleigh, NC 27695-7624

Prcecimate cxmposition and pmt~ distribution for excised Atlantic menhaden
dark and ordinary ~e tissues were detarauned. Washing studies suggest high
amtent of dark mscle in mince prior to leactdrg decoaases rermval efficiency
of water soluble and will result in surimi of darker color and higher lipid and
ccnnective tissue carrtent.
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Karl Bagnarsson and Joe M. Repenstein
Departxl.'nt of RxQtzy and Avian Sciences

Institute of Pood Sciences
112 Rice Hall

Cornell University
Ithaca, NY 14853-5601

Freezing and frozen stcxrage of gadoid fish advises causes textural changes.
The effect of various salts  NaCL, NaI, NaKX, Nahc, MgCL2 and CaC12! added to
the fish prior to freezing were stmiied with respect to the texture and the
water retention prcyerties of fish xsxscle. %ben Nahc and NaC1 weze ~ to
ocean perch and cod, the rate of textural taughmes and expremibl.e moisture
decreased during frozen stxeam. Qn the other hand, NaI, NaSCN, CaC12, and
NgCL2 ~exated the textural tngbness develcyed and increased the
expressible moisture durity frozen storeya. SOS-ESGE sixcaue6 that a crosslinked
pml~ of 280,00 da occurs only with gadoid fish. Far cod, 20 days at -7C are
xmadai, w4meas far whiting only 3 days are naadei. Cod samples treated with
NaSCS did not show this band. Ascorbic acid ~crated the time of ~dance
of the band, while fresh storage of cod for 10 days prior to freezing
eliminated the band. Instxxn hazdness seelxad to imcvmse in gragartion to the
develapmert of the SDS-ESGE band.

HKRPKR MSEO HHKEKKR HR KSCXHCXXCN GP %|INE TOKER

L.V. Sick and P.B. Tzavis
%$%Mxarleston Labartxzy

Charleston, S.C. 29412

Qne of the most innovative a~oactxes for ~oping a detection mood to
screen seafood far the preset of natural tcacins concerns engineering membrane
channel gxatein reeeptoxs into field applicable detection devices. Such
devicss have the advantage of detecting sevezal taxins with a single chip and
are inexpensive. Maitabmin, a putative agerxt in ciguatoxin disease, was
investigated for physiological properties involving its calcium ionopboric

! !lY
information is being ay@lied to deve3.epmlmt of a capacitanm, reaqptor based
biosemr.
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zemDDN: Snmmm rZra Ce zxesr muermr. ma m
HCA IBK CXMXNRD MHR SIKRRRE 3M ICHPQLLT MIXl'.ORES

L.J. Toledo-Flares and R.R. Zall
Dept~mt of Pood Science

Cornell University
Ithaca, NY 14853

Fresh queen snapper  Eb~~ oculatus! ami cardinal snapper  Pristipamoides
t

ccNbmed with staIrage in an ice/salt mixture at -3 C. Storage life of the two
species in plain ice: 16.0 days far queen snapper and 15.8 days for cazdinal
snagvrr was e!*ended to 30.8 and 35.5 days, resp!s&ively, in the treated fish.
'Ihe ccabination of treatnNsrts also retarded the fazmatian of spoilage ccrTpounds
and micmbial growth.
778

EFHKGS OF FHRSRQKHK, NRClt %RHK CXÃHRlX', MD XSOCESS

Vivtan M. Higgins, Tyre C. Lmier, Jae W. Park and Jose Nantejano
Pood Scierxm Dept. N.C. State University, Raleigh, NC 27695-7624

Selected ptmsphates were evaluated far their effect in alter the texture of
gels prepared either primarily of surinam  Alaalran pollack, ~gggza

 aamercial crab analog foxmxlation! . ~ latter faraaQatians were

included differerrtial samning calarbrN~r, press moistuze, torsi~ failure
testin!p, and th!~we!al scanning of rheological properties. Results indicate that
plates had little effect on the textural ptzoperties of either pure surimi
gels ar thase g!tzeprmad by a ccssezcial czabstick foxmlati!m at 34 or 24 NaC1
cxmtenct was zectuced to 14, ~~phate had a significant effect in improving
textural pzaperites. ~ts also showed that water corrtent cauld be
~eciably irxxeased without detri!mat to p!zoduct texture by use of a pre-
"set" incubatian at 4aC far 16 hauzs priar to cac9cing.

EPPB& OF RARER CXÃHRT UPCN 'le PR!UIPRKZ OF HKRAGKTXCN
OF SHOOK FjRQKR CLPL1N I%RIM" SERIClL' XRRXt %! PRRR2ZN, QXUMR

HKKRS SIHQGR IXlRIN 9%9iNIIW

David R.L. %bite
Dir, Inspection Services Branch

P.O. Bax 5667

St. Jahns, Newfoundland AIC 5X1

detezmine the relationship lxCween the level of zedfeed content and the
fzequency of decp~tian of female caplin. Caplin were graded, following four
different iced storage times, and three different frozen storage
 -26aC!/thmring  +15aC! time ccaibinatices. Results of these exper~nents showed
that, the Msquency of degradation was mme affected by handling than by zedfeed
level.
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Robert J. Learscn, Vivant G. ~a, Burton L. Tinker
and Robert VarQtexyver

Northeast Fisheries Center
Glnxester Laboratory

Zperem Avenue
Gloucester Lalmratory, M. 01930

Ronald P. Athanas

A pmoess for fish hydmlysate prade~cm for fish processing wastes was
developed using both formic acid ani phosphoric acid as acidulants. A pilot
scale production line was designed and inst~ed in Gloucester, MA for le
technology hydmlysate pLoducticn ~ fish fmels. Qmsical analysis of the
hydrolysstes indicated that the xesulting lhyxid fertilizer material using
phospbotric acid, had 1.6 - 2.4t nitzegen, 4 - 5t phophaxxms and 0.8 � 1.04

of Ieymsium, manganese, bamn and zinc. Pmblems relating to production and
stabilization are discussed.

QKXR "3RAXSKP

Amul Purakut and Weel Potter
Essex Agricultural 4 Ta~cal Institute

Hathoze, MK 01937

Ronald P. Athanas
't

Robert J. Qaarson

National Mm~ Fisheries Service, Glmcester

Fish hydmlysate  FH! made ~ Atlantic cod pmoessing wastes, with an
analysis of 1.6-4.2W.8  MPK! was compared to Peters 20-20-20 fertilizer on
greenhouse grown 'Ualapem" pe~ms  Caggjgga grgbKggGQ! . 'Jhese pegpers were

ix nHP  PX! Remix g350 pE! and top soil  TS! at 0, 80 ard
160 pgn Nit+~ applied in weekly and biweekly in~rala during June 9 to
August 21, 1987. Oatpared to the Pe~ fertilizer ~lications, FH irxzxeaad
yeilds by 48 and 7A at 80 azxl 160 ~ respmtively when used at a ~y rate.
FH at 160 pgm ~lied biweekly, cxmsic~tly increased yields by 123, 97 and
20t in PX, NX and TS resgxmtively as ccxapered to the B&ers fertilizer
applications. Ow~~l, FH at 160 ppm increased yield by 50% amp-m6 to the
Peters fertilizer applications.
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IN KEHKTHK H?OIL CGK IRXRK IN SRRHXXB

Bchdan M. Slcktyj, Susan A. Ismail and Stefanie O. Slabyj
Department of Pood Scierxe, University of Maine

Grano, ME 04469

Senal seafaods were inoculated at two leveLs with 4 different Escherichia
coli isolates and emmrated using standard MES proem?ure as well as inoculating
Pstrifilm, HecUigel, and Violet Rsd Bile  VRB! Agar which were incubate at

the MHf ~. Pstrifilm, Qedigel, axe VRB were aitm~wmd to have limited
i

to include colifazms, while Pstrifilm can identify gas producing colanies and
therefore provide a mare reliable fecal coliform count.

Zmgela D. Ruple and David W. Cook
Microbiology ~on

Gulf ~ Research Laboratory
P. O. Bm 7000

Over Springs, l% 39564

Qmnges m mamflara were monitored during bath casmrcual handling and
cantroU.ed temperature stazege of' stmllstock cysters. ~ effects of
teepeIrature and salinity of the harvest area and shaQ stock starage

yC
investigated. Multiplicaticn of fecal colifaxms, including g, ~co i, was
observed at temperatures abave 10aC, but not at 1~. Multiplication of same
vtbrias and ~gggas ~gg~a was also observed in shellstock oysters.

OSR

%zest A. WiUmlm and Barbara L. Jobe
National Marine Fisheries Service

Gluxester Lab

30 Bmvsan Avesta

Glcaxester, MK 01930

of weight of skate wings to size  weight, length and width! of whole skate; �!
fillet yields frem skate wings; �! processing met1hods and ~mant; �! iced
storage time of skate wings, �! varicas product forms; and �!, a frozen
storage study which is. still in progress. Discoloratian of the wirga was also
inmatigated, but a satisfactory nathad of preverrtiag this quality defect was
not identified.
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Jae W. Park and Tyre C. Lanier
Departmsnt of Food Science, Narth Carolina State University

Raleigh, NC 27695-7624

'Ihs Icinstics of heat-indcxced denaturatian and aygvsaatian of surimi proteins,
as aff'ected by additional of sugar amd/ar salt, were investigated by
differential amnnhxy calarixN~  le!. Net enthalpic changes were always

4
a gal struc~ in which potem~ bcmfmya were mme ccmpletely accamplished;
that is, a mxre enexgetically favorable stre~ was affined with slew
heating. Bm stablization of proteins by sugar, and destabilization of
proteins by salt, were also mesuvad calarimmtrically.

Jeanrm D. Joseph, Sylvia B. Gallcamy, and Robert R. Kifer
U.S. Departaexxt of Ocmmezce

National 8'arias Fish<~ Service, Charlestcm Xaboratory
P.O. Box 31607

Charlestcn, S.C. 294M

Using chemical and physical separation ~niquM', the Charleston Xabceatory
is pwca~ qualit~ssured bicaaedic-Q. test materials fran menhaden oil for

anly refined oil and n-3 ester cammtrates, but also n-3 enriched glycerides,
purified EPA and DK.

Marttxa Hudak-Roas

National Seafood Inspection Laboratory
P.O. Drmer I207

Peuxcagoula, 1% 39568-l207

With the ceasing of age of caqxzterized infacmatian system, vast aneunts of
information and data on alxnost amjr tcpic can be examined, read, and printed
using a perscmal ccmputer in alaest any location. 'Ihe National Seafood
Inspect~ Labaratary  NSIL! has developed ane such ~stan - FISHFAX. FR~AX
a+stains infarmatian an a species specific basis, covering such topics as
biological profiles, processing methods, nutritional values, econcmnic
cansideratians, and public health information. All information and data
ccmtained within PZSfIHLX has been previously published. 'Ibis information is
verified, sumarized, and qmlity assure% before being entered into the
informatian base. A poster presentation damnstzates FISHFAX using a personal
cclllpQter ~
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Debra Z. HhoacLes  N.M.F.S., Glcumster, MA!, and
Zaamll V. Sick  N.M.F.S., Charleston, S.C.!

tV
~gjggy, is thought to be asamiated with the dsve1apnamt of ciguatoxicity in
tropical marine reef fishes. Spleen cells frcm BHC/C mice iaaaunized with
smi~ified maitatmdn extracts were fused with myelaaa cells to prcduce
?gIbridcsa cells using standard sonatic call fusion technology. Five sep~te

lines which secrete mmoclanal antiixdies reactive with various cxxapanents in
' j&tF ~

have ideaxtified certain IM:eaclanal antibodies ~ aggcmz to be zea~ve with
meicxm physmts present in the maitataxin extxaWs. Other menoclanal
antibodies react in direct proportion to maemK taxicity regardless of
maitatclcin wctu~ pigIMIntatian, saxgesting that they are reacts with the
actual toxin molecule ar a closely related cmpcIM.nt. Gem~ aanoclanaL
antibodies have shcam detectable zeactian with maitc~cin extrcct at toxicity
levels as lmr as 0.002 mme units. Further N~ctcm.zation experizl.nts still

these monoclanal antibodies.

SMSX%RK HK EE5%CHKN CN? HKKRHEHh,

J.H. MacNeil, Z.C. ~ld and H.Z. Scisl~z
Depaztment of Food Scil+ and Mechanical Engineering

'Ibe Pennsylvania State University
University Park, PA 16802

Many segments of the food industry are currently using or ixmestigating the
~icy

or far the detectica of defects. 'Ihe pechlaa of HmaMMma within the fishing
in3ustzy has lang been a series a~am and this study deals with the
investigation of a machirm visian g?stem far the detects of this parasite.
Very early in this investigation it was found that the choice of the lighting
schene to illuminate the cod warm is still a critical aspect of the total
machismo vision system. Details of the lighting systene which result in the
highest contrast betmen fish tirmue and the cod warm are preen'~ as we11 as
quality considerations of scsM systea|s.
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