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TRANSFER OF LIPIDS THROUGH MARINE FOOD CHAINS

Nestor R. Bottino
Department of Biochemistry and Biophysics
Texas A&M University

Lipids constitute a significant source of energy for marine
organisms since the content of digestible carbohydrate of the diet
of most of these organisms is rather low (Love, 1970). In addition,
1ipids are structural part of cell membranes and, as such, they
are intimately associated with crucial cell functions such as
permeability, oxidation of foodstuffs, respiration, photosynthesis,
etc, A third important role of Tipids in marine ecological systems
is to be the "carriers" of some trace elements such as mercury
(Guirguis et al, 1972 and Friberg and Vostal, 1972) and arsenic
(Lunde 1972, 1973, 1975; Woolson 1975)

Marine 1ipids are characteristically different from those of
land animals and birds in having a higher content of long-chain
highly unsaturated fatty acids. Studies performed in this labora-
tory (Bottino, 1972, 1974, 1975, 1976) suggest that these marine
highly unsaturated fatty acids originate in phytoplankton and that
they are transferred from phytoplankton to the upper trophic or
nutritional levels of the marine ecosystem. During this transfer
from phytoplankton to zooplankton to fish and whales, the highly
unsaturated fatty acids undergo "biological magnification" and they

can be found in large concentrations in the phospholipids of the
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organisms of the upper nutritional levels (Bottino, 1976). The
organisms located in nutritional Tevels above phytoplankton may
modify slightly the fatty acids they obtain from the diet, but
they seem to contribute very little with endogenous fatty acids
synthesized de novo. In this respect, evidence from my laboratory
indicates that the liver of marine catfish (Arius felis) has,
under various dietary situations, a lipogenic activity as low as
that of a starved rat. This Tow activity of the fish liver en-
zymes responsible for the production of fatty acids, namely, Acetyl
coenzyme A carboxylase and Fatty acid synthetase, cannot be en-
hanced by feeding a fat-free carbohydrate-rich diet either alone
or accompanied by insulin administration (Warman, 1975). Equally
diminished lipogenic activity is found in omnivorous and herbivo-
rous fish and in freshwater fish as well (Bottino, unpublished
results).

Thus, there are good reasons to believe that the fatty acid
synthesizing activity of most marine organisms, except perhaps
phytoplankton, remains always low. If this assumption is true,
one could follow the transfer of lipids and fatty acids through
the nutritional levels of the marine ecosystem just by studying the
fatty acid composition of the members of the various nutritional
Tevels. I have attempted to do that and have met various degrees
of success. For that reason, I shall give two extreme examples
of work done in my laboratory.

The first example is a study (Bottino, 1974) on the 1ipids-

and fatty acids of two species of Antarctic krill, Euphausia superba,

and E. crystallorophias, and of the phytoplankton collected in the
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corresponding stations in the Ross Sea. Both euphausiids are
believed to be herbivorous. Once the fatty acid profiles of all
the samples were obtajned, the "distance®” or D value between the
phytoplankton fatty acids and those of the krill of the corre-
sponding stations was calculated by the formula of McIntire et al
(1969). The results were compared with the known feeding habits.
The conclusions were as follows: The distance between the fatty
acids of E. superba and phytoplankton was rather small (D=10-15)
thus corroborating the herbivorous nature of the crustacean. On
the other hand, the distance between the fatty acids of E.

crystallorophias and those of phytoplankton from the same area was

rather large (D = 30-40). Further studies (Bottino, 1975) un-

covered the fact that E. crystallorophias had among their 1ipids

relatively Targe amounts (about 40%) of waxes with a unilateral
fatty acid composition {about 83% oleic acid). When the wax
fatty acids were calculated out from the total lipid fatty acids

of E. crystallorophias, acceptable correlation with phytoplankton

was obtained (D = 10-32).

A second, less successful example was the comparison of the
fatty acids of the stomach contents of an Antarctic Sei Whale with
those of whale body tissues such as liver, blubber, and muscle
(Bottino, 1976). In this case, the distance D between the stomach
contents and the body tissues was consistently high (Table 1),
indicating that the diet Tipid composition had very little effect
on the whale body 1ipid composition.

Of the two examples given above, the phytoplankton-krill 1ipid

interrelation is positive, probably due to the small degree of organ
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lipid differentiation that is found in krill (Rottino, 1974).
In the whale, on the other hand, the results in Table 1 show a
very definite degree of differentiation among tissue Tipids.

Experimental

Methods for 1ipid extraction, thin-layer chromatographic
separation of Tipid classes and gas-liquid chromatography of fatty

acids were as described previously (Bottino, 1974, 1975).
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Table 1

Fatty acid Stomach content  Blubber Muscle Liver
weight %

14:0 4 9 i5 11
16:0 13 8 20 10
18:0 1 2 7 2
16:1{n-7) 6 5 4 4
18:1(n-9) 12 13 13 11
20:1(n-9) 10 29 3 25
22:1{n-9) 1 11 11 5
20:5(n-3) 24 3 5 3
22:5(n-3) 7 P 3 2
22:6(n-3) 10 7 12 g
Distance from

stomach content - 31 29 26
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Legend for Table 1:
Table 1: Fatty acid composition of Antarctic Sei Whale food and
tissues. Only major fatty acids are included. Distance

values were calculated according to McIntire et al. (1969).
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ABSTRACT

The transfer of 1ipids and fatty acids through the nutritional’
levels of marine ecosystems has been investigated. The studies

are possible if one assumes that fatty acids are synthesized only
to a minor extent by carnivorous members of the food chains.
Experimental data from this laboratory support, both directly and
indirectly, the above assumption. Thus, with practically no
contribution from endogenous fatty acids, the transfer of fatty
acids through nutriticnal levels can be followed simply by studying
the fatty acid composition of the feeder and that of the food.
Examples of studies of this type done in the Antarctic are phyto-

plankton-krill relationships and krill-whale relationships.
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LIPID METABOLISM IN CHANNEL CATFISH

Robert R. Stickney
Department of Wildlife and Fisheries Sciences
Texas A&M University

Abstract

The optimum quantity of lipid for best growth and tissue

quality in channel catfish (Ictalurus punctatus) has not been

precisely determined; however, diets containing approximately ten
percent lipid appear to spare some protein and do not lead to high
levels of depot fat. Studies have shown that catfish fingerlings
grow more rapidly on triglycerides and free fatty acids than on
ethyl esters of lipids. More rapid growth has been achieved in a
range of environmental temperatures using beef tallow (high in
oleiec acid) and menhaden oil (high in w3 fatty acids) than on
safflower oil (high in linoleic acid). Best food conversion and
most rapid growth on all diets occurs at about 30 C. While catfish
do not appear to require w6 fatty acids and grow most rapidly on

w3 and w9 fatty acids, flavor problems could be encountered when
wb's are excluded or limited in the diet. A finishing ration
containing wé fatty acids could result in improved flavor by allow-
ing a change in body lipid quality after the fish have reached

near market size on a diet which produced optimum growth but cgn—

tained low levels of w6 fatty acids.
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LIPID METABOLISM IN CHANNEL CATFISH

Robert R. Stickney
Department of Wildlife and Fisheries Sciences
Texas A&M University

Introduction

Lipids, defined as that portion of an organism which may be
extracted with nonpolar solvents such as benzene, chloroform,
diethyl ether and petroleum ether, may be present in tissue
in various forms. Free fatty acids, triglycerides, phospholipids,
terpenes, steroids, lipooroteins and lipopolysaccharides are examnles
of compounds included in the general category of lipids (White,
Handler and Smith, 1968). Most dietary lipids occur in the form
of triglycerides; molecules containing three fatty acids associat-
ed with glycerol. Once triglycerides are consumed, hydrolysis by
lipases converts them to free fatty acids and glycerol. TFollowing
absorption, storage of lipids in the body is primarily in the form
of tryglycerides.

The degree of unsaturation of fatty acids is dependent upon
the number of double bonds in the molecule. Saturated fatty acids
have no double bonds, mono-unsaturated fatty acids have one double
bond and polyunsaturated fatty acids {PUFA) have two or more double
bonds. Fish characteristically have high levels of PUFA largely
in the form of long chain 18 and 20 carbon unit fatty acids, where-

as terrestrial animals have depot fats consisting of shorter chain
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length fatty acids. The levels of saturated fatty acids are much
higher in terrestrial than aquatic organisms (Carroll, 1965). Un-
saturated fatty acids occur in three major families: the oleic (w9},
linoleic (w6) and linolenic {(w3) acid series. Fatty acids of longer
carbon chain length are derived from these basic groups. For exam—
ple, linoleic acid (18:2w6) gives rise to such other wé family fatty
acids at 20:2w6, 20:3wb6, 22:3w6, 22:4w6, 22:5wé and others as re-
viewed by Sinnhuber (1969). In the case of linoleic acid, there are
18 carbon atoms in the chain with two double bonds, the first of
which occurs between the sixth and seventh carbon atom from the
methyl end of the molecule (the w6 position).

Holman (1958) defined essential fatty acids as, "...those
substances which are active both for growth and for maintenance of
dermal integrity...." Holman limits the fatty acids which fit the
definition in warm blooded animals to linoleic acid (18:2w6) and
arachidonic acid (20:4w6) and to other fatty acids which may be
derived from them through metabolic pathways. Therefore, wé family
fatty acids are of primary importance to homoiothermous animals,
ineluding man.

Fishes contain high levels of 18 and 20 carbon unit PUFA
(Carroll, 1965), primarily in the form of w3 and w9 family fatty
acids, with only low levels of w6 family acids present in body
depot fat as compared with terrestrial animals, Monounsaturated
as well as polyunsaturated fatty acids have been found in high
concentrations in a variety of fishes (Gruger, et al., 1964;

Ackman and Ke, 1968; Culkin and Morris, 1970).

Nicolaides and Woodall (1962) determined that linoleic acid
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(18:2w6) induced recovery from depigmentation brought on by feeding

chinook salmon (Oncorhynchus tshawytscha) a fat free diet, and that

both linoleic acid and linolenic acid (18:3w3) stimulated growth.
A group of more recent papers have demonstrated that rainbow trout

(Salmo gairdneri) require w3 fatty acids (Lee, et al.1967: Castell,

et al,1972a, 1972b, 1972¢; Yu and Sinnhuber, 1975). A recommenda-
tion has been made that rainbow trout receive no more than two per-
cent wb family fatty acids in their diet (National Academy of
Sciences, 1973). This report also suggests that the same level may

be appropriate for salmon and catfish.

Channel Catfish Lipid Requirements

Information on the quantitative and gqualitative lipid require-

ments of channel catfish (Ictalurus punctatus) is presently incom-

plete. Most commercially available diets contain lipids as a
consequence of adding materials such as fish meal and plant protein
meal from which most of the o0il has been removed. TFeed manufac-~
turers are generally reluctant to add oils back into their formu-
lations because of technical difficulties which the addition will
cause in the pelleting process. The utilization of expanded pellets
appears to allow more freedom in feed formulation by the milling
companies.

Dupree (1968) fed channel catfish diets of varying lipid
quality and quantity. An increase in lipid coneentration in the
diet from four te eight percent resulted in some protein sparing
action as indicated by increased protein deposition., A further

increase from eight to sixteen percent dietary lipid failed to
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produce a concomitant increase in protein deposition. No lipid
levels between eight and 16 percent lipid were tested, so the
absolute value at which an increased level of lipid would fail to
result in additional protein sparing action was not determined.
Stickney and Andrews (1971, 1972) fed 10 percent 1ipid to channel
catfish at four percent of body weight per day and achieved rapid
growth and good food conversion with several different lipid sup-
plements.,

The feeding level, digestibility of the lipid and its quality
will all affect growth in fish, so these factors must be considered
when defining the optimum level of lipid quantity in catfish
rations. The sparing action of 1lipid on protein is important since
lipid contains over twice the energy per gram contained in protein,
Replacement of some dietary protein by 1lipid can result in a diet
containing more energy and one which allows more of the dietary
protein to be laid down as fish tissue and less to be metabolized
for energy. Too much lipid in the diet, on the other hand, can
result in the storage of lipids in the body and the deposition
of fats in the visceral cavity. These deposits can be detrimental
to flavor as well as adding to the percentage of waste incurred
during processing. A certain amount of depot lipid is desirable,
however, to enhance texture and flavor of the product.

Dupree (1968) compared the growth of channel catfish finger-
lings fed for four weeks on semi-purified diets supplemented with
liquid or solid (hydrogenated) corn oil or beef tallow at four,
eight and 16 percent of the diet. 1In general, the fish which re-

ceived the solid corn o0il grew more rapidly than those offered diets
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containing the other lipids.

Somewhat different results were obtained by Stickney and
Andrews (1971) who reared channel catfish fingerlings over a 70
day experimental period at five temperatures and on three lipid
supplements: beef tallow, liquid safflower oil and menhaden oll,
The most rapidly growing fish increased 500 percent during the
experimental period. Table 1 presents the dietary formulation
utilized in this experiment., The fatty acid composition for each
lipid supplement is presented in Table 2. Beef tallow, solid at
room temperature, is composed of saturated fatty acids and nleic
acid (18:1w9). Safflower oil, very similar in fatty acid compo=-
sition to corm oil, contains high levels of linoleic acid (18:216),
while menhaden o0il is characterized by long chain w3 family fatty
acids.

Results of the experiment expressed as final average weight
of the fish on each diet and at each temperature are presented in
Figure 1. With the exception of 24 C, fish fed the safflower oil
diet grew more slowly at all temperatures than did fish on the
menhaden oll supplemented diet. At 26, 30 and 33 C faster growth
was achieved on menhaden o0il than on either of the other ilipids,
and at all temperatures the fish grew more rapidly on the beef
taliow than on the safflower oil diet.

Various studies with channel catfish have demonstrated that
the optimum temperature for growth occurs in the viecinity of 30 C
(West, 1966; Asadi, 1967; Shrable, et al. 1%969; Kilambi, et al.

1970; Andrews and Sticknmey, 1972). The best growth by catfish on

each of the three lipids tested occurred at 30 C (Figure 1).

431



Similarly, the best food conversions occurred in relation to beef
tallow and menhaden oil, with similar values being recorded at 26
and 30 C (Figure 2). At lower and higher temperatures food con-
versions in excess of 1.5 were obtained on all three diets.

This experiment appears to support the previously mentioned
studies which indicated that certain fishes do not require w6 family
fatty acids. The excellent growth obtained with the beef tallow
supplemented diet, even at cold temperatures,indicates that the fish
were able to metabolize this lipid source which is solid at room
temperature, More concrete evidence that beef tallow was effec-
tively metabolized is presented in Table 3 which shows the
levels of selected fatty acids in the carcasses of fish on each
diet and at each temperature.

Comparison of Table 2 with Table 3 demonstrates that channel
catfish reflect to a large extent the dietary lipid compesition
provided sufficient time is allowed for mobilization and replace-
ment of fatty acids within the tissue. Similar results were
obtained from liver analyses run in conjunction with the experiment
(Stickney and Andrews, 1971). The rate of growth of channel cat-
fish on beef tallow, an inexpensive lipid source, was similar to
that of catfish on menhaden oil (Figure 1), and food conversions
were 1.2 for both lipid supplements at 30 C (Figure 2).

Mentaden oil is somewhat more expensive than beef tallow, and
both can be expected to affect the flavor of the final product in
different ways. Rearing catfish on feeds supplemented with corn
oil, safflower oil or other lipids which are high in wé fatty acids

may provide a more desirable flavor than either beef tallow or
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menhaden oil, and would provide a less saturated product than that
which would occur with fish reared on beef tallow. Research is
currently underway at Texas A&M University to determine if the
lipid composition of catfish reared on beef tallow or menhaden oil
can be rapidly altered near the end of the growing period by al-
tering the diet to one containing higher levels of w6 fatty acids.
The use of a finishing ration could provide a good tasting, highly
unsaturated product without sacrificing growth rate.

In a second experiment, Andrews and Stickney (1972) investi-
gated the growth rate of channel catfish on 27 diets which wvaried
both in lipid composition and in the form in which the lipid was
offered: triglycerides, free fatty acids and ethyl esters. Trig-
lycerides and free fatty aclds led to more rapid growth than did
ethyl esters. Since chemical alteration of commercially availahble
lipid supplements is required to change them from the triglyceride
form to either free fatty acids or ethyl esters and no advantage
is gained in doing so, feeding lipids in their readily available
triglyceride form is advised.

Stickney and Andrews (1972) fed the same basic diet presented
in Table 1 at 26 C until the most rapidly growing group of fish
achieved a 500 percent increase in weight over their weight at
stocking. TFigure 3 presents the growth of fish on selected trig-
lyceride diets. The relationships between growth and lipid quality
for beef tallow, safflower oil and menhaden 0il outlined by Stickney
and Andrews (1971) and presented in TFigure 1, were confirmed in the
second study {Stickney and Andrews, 1972). Growth of catfish on

the olive o0il diet was slightly less than that on beef tallow
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although these diets were similar with respect to 18:1w9 (54.8
percent in olive oil and 57.5 percent in beef tallow). A major
difference between these two diets was in the w6 fatty acids,
specifically 18:2w6. Beef tallow contained 2.1 percent lincleic
acid, whereas olive oil contalned a level of 22.5 percent, inter-
mediate between beef tallow and safflower oil.

Cocoanut oil, more highly saturated than beef tallow and only
containing 14.6 percent 18:1w9, resulted in a growth pattern similar
to that of fish fed a fat free diet (Figure 3) and a diet formula-
ted with medium chain triglycerides (composed of 8:0 and 10:0). A ’
diet containing a mixture of butyric and hexanoic acids (4:0 and 6:0)
resulted in the poorest growth obtained during the experiment
(Figure 3). It is interesting to note that the diets supplemented
with beef tallow and menhaden oil gave rise to more rapid growth in
channel catfish than did a practical diet.

linseed oil, containing 57.6 percent 18:3w3, might have been
expected to lead to rapid growth; however, the results indicated
that the fish on that diet grew at a rate similar to and slightly
below that of fish reared on safflower oil. Unpurified linseed oil
was utilized in the research and may have contalned ingredients
which contributed to retarded growth. 1In addition, the absorption
and metabolism of linseed o1l may have beén poor compared to other
1ipid sources. Table 4 presents the fatty acid composition of fish
carcasses from channel catfish reared on linseed oil. Even though
the dietary level of 18:3w3 was very high, and storage of linolenic
acid was also high, there is little evidence to indicate that the

ingested 18:3w3 was converted to higher molecular weight w3 fatty acids.
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The fatty acid requirements of channel catfish appear to be
satisfied by lipids containing either w9 or w3 series fattv acids.
Fish on a fat free diet retained a high level of 18:1w9 (Table 4)
although their high molecular weight w3 fatty acids were depleted.
Whether or not catfish could be reared from fingerling to market
size on beef #allow without developing symptoms of fattv acid
deficiencv remains to be determinad,

Environmental temperature appears to have a good deal of in-
fluence upon the amount of lipid deposited in channel catfish
(Andrews and Stickney, 1972) and increasing the level of lipid in
the diet also results in increased levels of lipid deposition
(Dupree, 1968). In terms of temperature, channel catfish carcasses
contained 33.5 percent lipid at 22 and 26 C when fed four percent
daily, with higher levels being deposited at higher temperatures
and lower levels at lower temmeratures (Andrews and Stickney, 1972).
In that study a practical diet was utilized to which no lipid
supplementation was added above the level present in the dietary
ingredients (often about eight percent in practical diets).

In the previously described experiment where semi-purified
diets were used to examine the effects of temperature and lipid
quality on channel catfish growth (Stickney, 1971), lower levels of
carcass lipid were recorded at all temperatures than were obtained
with the practical diet (Andrews and Stickney, 1972). The highest
levels of depot 1lipid occurred at 30 C and were less than 20 per-
cent on all three diets (Figure 4)., The 10 percent lipid level
utilized by Stickney (1971) did not appear to be excessive relative

to results with the practical diet, Additional orotein sparing
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action may have been achieved at even higher dietary lipid levels,
At 26 and 30 C, more lipid was stored in fish fed the menhaden oil
diet than those fed beef tallow, even though fish on both diets were
growing rapidly (Figures 1 and 2). This implies that energy from
the beef tallow was being utilized for metabolism and that more
protein sparing action was occurring with the beef tallow diet than
with the menhaden oil diet. Additional clarification of this aspect
of lipid metabolism in channel catfish is required.

In summary, the best level of lipid in the diet of channel
catfish has not been determined, although it appears to lie within
the region of 10 percent of the total diet. Channel catfish, like
salmonids, appear to have little or no requirement for wé fatty acids,
but the former grow well on 9 and w3 fatty acids, especially as
provided in beef tallow and fish oil, respectively. A great deal of
information remains to be gathered on lipid metabolism in channel
catfish, but it appears likely that supplementation of the diet with
either beef tallow or fish oil could result in more rapid growth than
that achieved on presently available commercial diets. The advantage
gained through accelerated growth must be weighed against the poten-
tial for reduced flavor quality in the product. The feasibility of
placing catfish on a finishing ration to offset flavor problems is
presently under investigation and may provide a means of producing

chamnel catfish rapidly and with high consumer acceptance.
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Table l--Diet formulation for semi-purified diets utilized to
determine the effects of various 1lipid supplements on the growth of
channel catfish {adapted from Stickney (1971)}.

Ingredient Percentage In diet
Casein 32.0
Corn starch 40.0
Lipid supplement 10.0
Vitamin diet fortification mix 2.5
Agar (powdered) 1.0
Mineral mix 2.5
Alphacellulose 7.9
Terramycin (TM-10) 0.1
Calcium phosphate dibasic , 2.5
I Arginine HC1 2.0
L Cystine 0.5
Antioxidant 0.0125

440



Table Z2-~Fatty acid composition of lipid supplements used to
evaluate the effect of temperature and fat source on lipid meta-
bolism in channel catfish {adapted from Stickney (1971)}.

Lipid Fatty acid Percentage

Beef tallow 14:0 2.9
16:0 18.8

16:1w7 5.1

18:0 10.9

18:1u9 57.5

18:2u6 2.1

Others 2.5

Safflower 0il 16:0 5.7
161 1lw? 1.9

18:0 1.9

18:1w9 12.4

18: 26 72.5

18:3uw3 2.9

Others 2.7

Menhaden 0il 14:0 5.1
16:0 17.0

16:1w7 9.4

18:0 3.2

18:1uw9 16.8

18:2uwb 2.5

18:3uw3 3.1
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Table 2--Continued.

Lipid Fatty acid Percentage
20:3w9 0.2
20:3uwb 0.8
20:4w3 2.0
20:5u3 17.2
22:5w3 2.9
22:6w3 13.2
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Table 3--Selected fatty acid composition (expressed as percent-
age of total fatty acids) in carcasses of fish fed diets containing
three different lipid supplements at five environmental temperatures.
{Adapted from Stickney and Andrews (1971)1},

Fatty Acid  Temperature Beef Tallow  Safflower 0il Menhaden 011
14:0 20 1.3 0.7 2.4
16:0 20 14.8 13.7 15.1
18:0 20 3.9 4.0 2.9
18:1u9 20 49,1 34.4 37.2
18:2uwb 20 9.9 33.2 8.4
18:3w3 20 2.0 1.1 2.1
20: 3w9 20 0.6 1.6 0.5
20: 3wé 20 1.0 2.5 0.5
20:4wb 20 2.0 1.8 0.7
203503 20 1.3 0.5 7.2
22:603 20 2.4 0.9 9.8
Total PUFA 20 23.3 42.9 34.1
Total w3 20 8.8 2.7 23.6
Total wb 20 13.9 38.6 10.0
14:0 24 1.3 0.8 2.9
16:0 24 16.5 11.9 16.7
18:0 24 3.3 3.9 4,1
18:1w9 24 57.7 35.2 37.1
18:2w6 24 6.1 34.1 7.7
18:3w3 24 1.8 0.8 1.7
20:3u0 24 1.0 1.3 0.4
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Table 3~-~Continued

A

Fatty Acid Temperature Beef Tallow Safflower 0il Menhaden Nil
20:3u6 24 0.5 1.7 0.3
20:4pb 24 0.5 1.8 0.5
20:5w3 24 0.7 0.6 5.9
22:6u3 24 1.0 1.1 8.8
Total PUFA 24 12.9 44,1 29.7
Total w3 24 4.5 2.7 20.5
Total wb 24 7.4 39.1 8.8
14:0 26 2.0 0.6 2.6
16:0 26 17.7 11.6 16.4
18:0 26 3.5 3.4 3.3
18:149 26 54.6 33.2 37.2
18:2u6 26 6.5 37.2 3.4
18:313 26 1.6 1.3 2.2
20: 349 26 0.9 1.6 0.3
20:3uw6 26 0.4 3.1 0.4
201446 26 0.4 1.5 1.2
20:5¢3 26 1.0 0.5 7.6
22:643 26 2.4 0.8 10.1
Total PUFA 26 15.5 47.9 31.0
Total ®3 26 6.9 2.8 25.0
Total wb 26 7.7 42.8 5.7
14:0 30 1.8 0.7 3.0



Table 3~-Continued

Fattv Acid Temperature Beef Tallow Safflower 0il Menhaden N3l

16:0 30 17.6 13.2 15.2
18:0 30 3.3 2.9 2.8
18:1w9 30 59.2 35.8 36.7
18:2ubh 30 4,1 35.3 3.5
18:3uw3 30 2.1 1.0 2.2
20:3w9 30 0.7 1.6 0.2
20:3w6 30 6.3 2.3 0.3
201406 30 0.4 1.0 0.5
20:5w3 30 0.7 0.5 7.8
22:603 30 0.5 0.6 10.9
Total PUFA 30 10.3 43,5 31.1
Total w3 30 4.6 2.2 26.2
Total w6 30 5.0 39.3 4,7
14:0 33 1.3 0.9 2.2
16:0 33 18.0 11.4 15.8
18:0 33 2.9 2.6 2.0
18:1w9 33 56.1 33.0 34.0
18:2w6 33 5.9 37.7 4.8
18:3w3 33 2.2 1.0 2.4
20:3w9 33 0.7 2.0 0.4
20: 3wh 33 0.5 1.6 0.2
20:4w6 33 0.5 1.2 0.6
20:5w3 33 1.0 0.6 8.8
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Table 3—-Continued

Fatty Acid Temperature Beef Tallow Safflower 0il Menhaden 0Gil

22:6w3 33 1.1 1.1 11.0
Total PUFA 33 13.9 48.1 33.9
Total w3 33 6.1 3.0 27.5
Total w6 33 7.1 41.3 6.0
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Table 4--Selected fatty acid composition (expressed as per-
centage of total fatty acids) in carcasses of channel catfish fed
a fat free diet and one containing 10 percent linseed oil {adapted
from Stickney and Andrews (1972)}.

Fatty Acid Fat Free Linseed 0il
14:0 1.4 2.9
16:0 17.7 10.3
18:0 2.8 2.3
18:1w9 51.9 31.2
18:2u6 4.9 9.9
18:3w3 2.4 28.3
20:3u9 2.7 1.3
20: 303 0.7 0.6
20 4uwb 1.4 1.8
22:5w6 1.3 4.2
22:6w3 2.2 4,5
Total PUFA 18.2 50.0
Total wb 8.6 12.3
Total w3 6.9 36.4
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B = Beef tallow
S = Safflower oil
M = Menhaden oil

FINAL AVERAGE WEIGHT (grams)

BlS|M BlSIM BIS M B
20 24 26 30 33
TEMPERATURE (C)

Fig. l--Averane final weights of channel catfish fingerlings fed three lipid supplements at
five environmental temperatures. [Adapted from Stickney (1971).]
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ABSTRACT

FLAVOR PROBLEMS IN FISH CULTURE

Richard T. Lovell

Department of Fisheries and Allied Aquacultures
Auburn University, Auburn, Alabama 36830, U.S.A.
Environment related off-flavors, usually an earthy-musty

type, are a chronic problem in intemsive fish culture. A pond
survey revealed odor-producing algae and actinomycetes in ponds
with off~flavor channel catfish. Incidence of off-flavor was inde-
pendent of season, location, or density of algal bloom. Aquarium
studies with cultures of geosmin-producing algae indicated that
catfish can absorb off~flavor compounds exclusive of the digestive
tract. Geosmin was absorbed at sensory detectable levels within
24 hours. Off-flavor can be purged from catfish relatively quickly
by holding in clean water for 4 to 14 days, depending on flavor
intensity and temperature. High temperature enhances rate of

flavor removal but also increases rate of weight loss by the fish.
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FLAVOR PROBLEMS IN FISH CULTURE
Richard T. Lovell

Department of Fisheries and Aliied Aquacultures
Auburn University, Auburn, Alabama 36830, U,.S.A.

Introduction

A serious and frequent problem in intensive fish culture is
the absorption of objectionable flavor compounds by fish from the
culture enviromment. The fact that fish readily absorb organic
and inorganic compounds through their gills and skin, as well as
from digestive tract mékes it understandable that some of the com~
pounds synthesized by organisms that thrive in the highly enriched
culture environment can have an adverse effect upon the flavor of
fish flesh. The off-flavor that occurs most frequently, often
rendering fish unmarketable, is one described as "earthy-musty"
("musty" or "muddy").

Although environment-related off-flavor was observed in pond-
raised fish centuries ago in China (Lovell et al., 1975) and is a
universal phenomenon in farm-grown fish, aquacultural researchers
have generally found other areas more stimulating than ascertaining
causes and controls for "mustiness" in fish. Since removal of off-
flavor from affected fish prior to marketing (in most societies) is
necessary but inconvient, management procedures that will minimize

the incidence.of environment-related off-flavor would be extremely
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valuable to fish culturists.

History

Thayson (1936) first described "musty' flavor in fish in
studies of trout taken from rivers in Scotland. He associated the
cause of the off-flavor to Actinomyces which grew in mud that was
high in organic matter along the river bank. He demonstrated that
trout could absorb compounds from water which were elicited by an
oderiferous Actinomyces. Aschner et al. (1969) reported that a

blue-green alga, Oscellatoria tenuis, was responsible for a disa-

greeable "earthy" flavoer in cérp which made the fish unacceptable
in Israel. They recommended holding the off-flavored fish in clean,
flowing water for several days prior to marketing to improve the
flavor.

Lovell (1971) reported that a characteristic, objectionalbe
"earthy-musty" flavor is frequently found in intemsively-cultured
catfish in the southcentral and southeastern U.S.A. A survey of
the catfish processing industry (Lovell, 1972) showed that in the
autumn of 1971 several large-~scale processors reported that over
50 percent of the ponds tested before being drained contained fish
with such intense off-flavor that harvesting was postpomed until
the flavor improved. Heavy concentrations of odour-producing
actinomycetes or bluegreen algae have been identified from ponds
with earthy-musty flavored catfish, and are suspected of being the
organisms responsible for the off-flavor {(Lovell, 1972). Conversely,
on many occasions off-flavored fish have been found in ponds which

contained actinomycetes and algae not unlike the aquatic flora in
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ponds where fish had normal flavor. Off-flavor-producing algae
and actinomycetes have been found to produce noxious odours or
flavors under one set of conditions but not under conditions
(Leventer and Eren, 1969; Lovell, 1971). This contributes to the
complexity of defining the etiology of the off-flavor problem in
fish.

Iredale and Shaykewich (1973) reported that commercial rear-
ing of rainbow trout in prairie lakes in central Canada has been
impeeded by the occurrance of "muddy" flavor in fish from some
lakes. They found that certain smoking and canning processes can
effectively reduce the intensity of "muddiness' in the fish. Off-
flavor has been a common problem in carp ponds in China, Japan,
and Burope for many years (Lovell, 1975) and the traditional solu-
tion has been to hold the fish in clean, water for a period until
the flavor becomes acceptable.

The compound(s) responsible for the "earthy-musty" flavor in
fish apparently is geosmin, a highly odorous colorless neutral oil
with a molecular formula of CjpH»,0 (Gerber and Lechevalier, 1966),
or chemically related metabolites synthesized by aquatic microor-
ganisms., Gerber and Lechevalier (1965), Medsker et al. (1968) and
Rosen et al. (1970) isolated the "earthy-musty" smelling metabo-
lite, geosmin, from several actinomycetes. Safferman et al. (1967)

discovered the blue-green alga Symploca muscorum produced geosmin

and Medsker et al. (1968) showed that another alga, Oscillatoria

tinuis, alsc produced this compound. Other odorous compounds iso-~
lated from actinomycete cultures or natural waters, which differ

slightly from geosmin, are mucidone (Dougherty et al., 1966) and
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2-methylisoborneol (Rosen et al., 1970). Recently, Yurkowski and
Tabachek (1974) isolated geosmin from rainbow trout and identified
it as the principal compound responsible for the muddy flavor in
farmed fish from lakes in Canada. At Auburn we identified goesmin
in flesh of wmusty flavored channel catfish from commercial and
experimental sources.

Personal observations indiecate that off-flavor is a chronic
problem in recirculating raceway systems. Although causitive
organisms have not been identified, actinomycetes growing on organ-

ic sludge below the bhiofilter are a probable source.

Etiology

Pond Observations

Research on off-flavor in pond-grown channel catfish has
been in progress at Auburn University since 1971. During a 2-year
period a pond survey was made to identify conditions and organisms
associated with the "earthy-musty" flavor problem that often
occurred in fish from intensively fed ponds.

The first year, fish were collected from commercial ponds
where farmers or processors reported off-flavor fish, and sensorily
evaluated for intensity of off-flavor. An evaluation scale was
established and judges were conditioned and selected on the basis
of their ability to perceive the geosmin-type odor in prepared
solutions and in fish. 1In the survey, and in all subsequent sen-—
sory evaluations of fish for "earthy-musty” flavor, the fish were
dressed, wrapped in aluminum, and cooked without seasoning for 15

minutes at 250°C. Initially, the evaluators compared the suspect
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of f-flavor fish against control fish with no off-flavor in triangle
difference tests prior to assigning a numerical rating to fish
with established off-flavor. As the evaluators gained experience,
it was found that the initial difference test was not necessary.
The evaluators assigned each sample a score of 1 to 10 according

to the following scoring system: 10 = no off-flavor; 8 = slight;

6 = distinet, 4 = intense; and 2 = extreme. In addifion to sensory
evaluators, other information obtained included date, location of
pond, water temperature and total hardmess (as CaC03), condition
of plankton bloodm, predominate algae, and presence of odorous
actinomycetes. Samples of water, mud and residue from the fish's
stomachs were cultured on actinomycete-specific agar plates and
colonies grown on the plétes were tested sensorily for odorous
volatiles.

Forty—-two alleged off-flavor ponds were surveyed. Most con-
tained fish with slight to extreme off-flavor that was highly
characteristic of the geosmin type ordor. The survey revelaed
very little conclusive information regarding season, geographic
location, pond condition or types of organisms associated with off-
flavor in the fish. The following generalizations were made

"earthy-musty" flavor in pond-cultured chan-

regarding incidence of
nel catfish:
1) Off-flaver was found during all parts of the growing
season.
2) Off-flavor was found in ponds in hilly areas with low-

productive, sandy soils and low water hardness and in

ponds in fertile loam and clay soils with high water
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hardness.

3) Off-flavor was not related to intensity of plankton bloom
or occutrrance of a plankton die-off.

4) OQff-flavor was not consistently related to a specific
alga or to an odor~producing actinomycete. Generally,
algae in the off-flavor ponds were similar to those
found in ponds where fish did not have off-flaver. Odor-
producing actinomycetes were found frequently in off-
flavor ponds but were found as often in ponds with fish
having no off-flavor.

5) Off-flavor in ponds in hilly, acid soils with soft water
usually occurred early or late during the growing season
when the water temperature was around 20°C or slightly
lower; whereas, ponds in the more fertile clay and loam
soils with higher water hardness had off-flavor fish
during all parts of the growing season.

In 1973, channel catfish from 40 ponds on the Auburn Univer-
sity Fishery Research Station were removed at various times during
the year and evaluated for off-flavor. 1In the early spring, fish
in three ponds had a distinct earthy-musty flavor. Each of these
ponds had heavy blooms which were almost exclusively the blue-green

alga Anabaena circinalis. Fish from a pond without off-flavor

were placed in a floating cage in one of the ponds with the

A. circinalis bloom and allowed to stay for 1, 2, 4, 7 and 14 days.
After 1 day the fish had a distinct flavor as determined by a- panel
of four experienced evaluators, and at 7 days the off-flavor was

intense. No off-flavor was detected in fish from any ponds during

462



the. summer or early fall. In late fall off-flavor fish were found
in one pond with a heavy bloom of A. circinalis and in two ponds

with intense growths of Volvox aureus.

No odorous actinomycetes were found in the off-flavor ponds.
Of the forty ponds evaluated, most had algae blooms; however, only
two algae, A. circinalis and V. aureus, both found in cool weather
( 209C), could be associated with the earthy-musty flavor in cat-

fish.

Controlled Studies

Although blue-green algae have frequently been suggested as
causes of earthy-musty flavor in pond-cultured fish, such an asso-
ciation has not been established under controlled conditions. A
study was conducted at Auburn University (Lovell, 1972) to deter-
mine the capability of geosmin-producing blue-green algae to impart
the earthy-musty flavor in the flesh of channel catfish. Cultures
of geosmin-producing blue-green algae S. muscorum and Q. tunuis
were obtained from the Federal Water Quality Control Laboratory in
Cineimmati, Ohio. Fifty-gram channel catfish were held in 150~
liter stainless-still tanks containing dense masses of luxuriantly
growing 5. muscorum or Q. tenuis to determine the capability of
these algae to impart the geosmin flavor in the fish. To measure
the rate of off~flavor development in the tanks, four fish were
collected from each of two tanks of §. muscorum and four from each
of the two tanks of 0. tenuis at 1, 2, 4, 6, 10 and 14 days after
stocking. After each collection the fish were quick-frozen and
stored in hermtically-sealed pouches at -23°C for subsequent sen-—
sory analysis. To determine time required to purge the fish of
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any flavor acquired from the algae, catfish were held in two tanks
of 8. muscorum for 14 days, then removed and placed in charcoal-
filtered, flowing water. The fish were removed from the flowing
water after 0, 3, 6, 10 and 15 days and quick-frozen for subsequent
analysis.

To determine the ability of fish to absorb the flaveor com-
pounds from the water without having an opportunity to ingest the
algae, two "algae-free" tanks were stocked with fish. Water passed
from two §. muscorum culture tanks into the two cell-free tanks
by gravity through a glass wool filter, and was exchanged between
the tanks twice daily. The algae tanks and the algae-free tanks
both were enriched with nutrient solution; consequently, exchange
of water between the two tanks did not dilute the nutrient concen-
tration in the algae tanks. Fish were removed from the algae-free
tanks according to the same schedule as was followed with the fish
taken from the algae tanks.

After all samples had been collected, the frozen fish were
thawed, dreésed, and cooked for sensory evaluation for earthy-musty
or algae-related flavor by a taste panel composed of four trained;
experienced evaluators.

Within one day, the fish from the 8. muscorum tanks had
developed a distinct earthy-musty flavor, similar to the odor of
the alga, which became stronger at two days and reached maximum
intensity at ten days (Table 1). Algae~related flavor was only
slight, but significant (P 0.05), in fish from the 0. tepuis ~
tanks at 2 days and reached a maximum at 14 days, but never equalled

the intensity of that in the fish from the S. muscorum tanks.
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Stomach contents of the fish revealed that moderate amounts of
both algae were eaten during the first day they were in the culture
tanks.

The fish which were exposed to the algae-free filtrate from
algae culture tanks developed a flavor qualitatively similar to
that of the fish held in direct contact with the algae. This indi-
cated that the fish were able to absorb the dissolved geosmin-like
compounds from the water, primarily across the gill membrane, into
the blood. Absorption of the off-flavor compounds was appreciably
slower by fish held in the algae-free filtrate than by those held
in the algae culture tanks (Table I). Evidently acquisition of
algae-related off-flavor by channel catfish is greatly facilitated
when the fish ingest the algae.

This study presents evidence that channel catfish absorbed
compounds synthesized by two species of geosmin-producing blue-
gree algae which imparted an earthy-musty type of flavor in the
fish. ‘This supports the contention that some blue~gree algae are
likely important causes of off-flavor in commercially cultured cat-
fish. Catfish apparently can absorb and subsequently deposit in
their flesh sensorily detectable quantities of the flavorous com~
pounds within 24 hours after being exposed to a significant amount
of the algae growth, particularly if the algae cells are in dense

masses go the fish can feed on them.

Control of Off-Flavor

Removal of Off-Flavor from Pond-Cultured Fish

Three collections of off-flavor channel catfish from
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commercial ponds were delivered to the Auburn University Fisheries
Research Laboratory and held in flowing, charcoal-filtered water
at 16, 22, or 26°C. The fish were weighed, and evaluated for
flavor by six experienced judges, using the evaluation scale dis-
cussed previously, at 0, 3, 6, 10, and 15 days. Changes in flavor
and weight of the fish are shown in Table II. The data show that
at 16°C between 10 and 15 days was necessary to render the fish
free of off-flavor, but weight loss was less than 9%. At 22°C the
fish had lost most of the off-flavor between 6 and 10 days but
weight loss was 9.5 to 12.2%. At 26°C flavor change was about the
game as at 22°C but weight loss was 15 to 17% by the time the
flavor was reduced to a tolerable level.

These results indicate that pond-absorbed "earthy-musty"
flavor can be purged from the fish in perhaps 5 to 15 days, depend-
ing upon water temperature and, certainly, intensity of off-flavor
in the fish. However, concomitant with off-flavor removal will be

a weight loss ranging from 9 to 177%.

Removal of Geosmin from Agquarium~Cultured Fish

The channel catfish held in the tank containing the geosmin-
producing alga S, muscorum for 14 days, as discussed previously,
subsequently were transferred to a tank containing flowing, char-
coal-filtered water at 25°C. After 3, 6, 10 and 15 days the fish
were removed and evaluated for flavor by four experienced judges.
As shown in Table I11, after 3 days in clean water the flavor had
improved significantly (P .05). After 10 days, the flavor wa; not
significantly (P .05) different from that of control fish. These

results indicate that fish with intense "earthy-musty' flavor
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caused by geosmin can be "cleaned" within a 10-day period at 26°C
by separating the fish from the source of the compound. Apparently,
and fortunately for fish culturists, this lipid-soluble, odorous
compound is rapidly mobilized from its storage sites in the fish's

body.

Practical Controls for Off-Flavor in Fish

Control of environment-related off-flavor in cultured fish
concerns three areas: control off-flavor in the culture system;
remove off-flavor from the fish after they have developed it; and,
utilize off-flavor fish in a process that will mask the flavor.

Control of off-flavor in the culture system is a difficult
task inasmuch as a highly enriched aqueous medium favors the
grwoth of microorganisms which synthesize the "earthy-musty" com-
pounds. Suggested practices are the following:

1) Minimize feed waste by using good feeds and feeding prac-
tices, Growth of geosmin-producing microorganisms is
stimulated by unconsumed and unabsorbed organic (actino-
mycetes) and inorganic (algae) nutrients.

2) Exchange of water through the culture system will remove
unused nutrients and minimize the growth potential for
off~-flavor causing microorganisms. It will also reduce
the concentration of microorganisms and off-flavor com-
pounds in the water.

3) Chemical control of blue—-green algae in catfish ponds is
geingpracticed by some farmers in the United States,
although there are no established guidelines. Periodic

application of 0.34 kg/ha of copper sulfate crystals

467



controlled the growth of Microcystis in fish ponds at
Auburn, Alabama (Crance, 1963); however, this rate was
not effective in catfish culture ponds in Mississippi
where the water hardness was greater. (Recently a com-
mercial herbicide, simizine, has been legally approved
for use in food fish ponds, although most agricultural
herbicides are not.) Variations in water chemistry,
density and species of algae, and management practices
make general recommendations for chemical controls dif-
ficult. Permanent elimination of phytoplankton blooms
in pond culture is undesirable. Ideally, restriction of
nexuous blue-greens and allow harmless green species to
grow would be helpful. However, keeping the bloom
thinned may reduce the incidence of off-flavor, or,
killing off the algae a few days prior to harvest when
off-~flavor is present may be helpful. Until safe recom-
mendations are established, chemical control of algae
should only be practiced where compensatory measures can
be taken in the event of an oxygen depletion resulting
from an overkill of phytoplankton.

4) Increasing turbidity or muddiness of pond water through
mechanical agitation or with bottom-feeding fish wil sup-
press phytoplankton growth. Also, thereis evidence that
the suspended clay particles act as adsorbants for the
off-flavor compounds,

Removal of off-flavor from fish:

(1) Off-flavor in ponds is usually, but not always, short-—
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lived, but will in time disappear. For lack of a hetter
practice, catfish farmers in the United States usually
leave off-flavor fish in the ponds until the flavor im-
proves. When this is done the fish should be fed to pre-
vent them from feeding on detritis and other materials
that may augment the problem. When possible water should
be exchanged as much as possible in the pond.

2) Remove fish from the off-flavor pond and place them in a
clean pond or a holding tank with flowing water. Usually
the flavor will be acceptable after 5 to 14 days depend-
ing upon intensity of the off-flavor and temperature.

If possible the fish should be moved where they can be
fed to avoid a 9 to 17% weight loss.

3) Meade (1975)1 found that adding salt to water in a closed
system raceway, to achieve a salinity of 10 parts per
1,000, several days before harvesting the fish solved
the off-flavor problem that is usually associated with
this culture method. The salinity destroyed the micro-

- organisms, probably actinomycetes, growing in the sludge

below the filter.

Processing off-flavor fish:

1) Iredale and Shaykewich (1973) with rainbow trout and
Lovell (1972) with channel catfish found that smoking
for 5 to 6.5 hrs. with simultaneous cooking partially

masked the earthy-musty flavor so that the fish would

lMead, T. L. 1975. Fish culture in closed-system raceways.
Reported at the Midwest Fish Disease Workshop, June 12-13, 1975,
Carbondale, IlL.
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2)

probably be acceptable to consumers.

Iredale and Shavkewich (1973) reported that steam pre-
cooking of filet strips of rainbow trout and subsequently
adding vegetable oil before canning eliminated the earthy-

musty flavor,
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ORGANOLEPTIC AND BIOCHEMICAL COMPARISONS OF CAGE RAISED AND WILD
STRIPED MULLET {(Mugil cephalus)

Abstract

Native wild and cultured striped mullet {Mugil cephalus) and

wild spotted seatrout (Cynoscion nebulosus) were compared simul-

taneously by a taste panel for appearance, flavor, texture, and
overall satisfaction. Cultured mullet included those grown for
approximately 2 years, 1 year (both fed and nonfed), and 42 days.
Specific objectives, utilizing six treatments, were to determine
if: (1) mullet cultured in cages differed organoleptically and
biochemically from wild mullet; (2) wild muilet confined in a
cage for a short time would purge their flesh of off-flavors and
odors; (3) flesh quality of caged, fed mullet differed organolepti-
cally and biochemically from that of caged, nonfed mullet; and (4)
acceptability of mullet differed from spotted seatrout. Results
of proximate chemical analyses on fish tissue of each treatment
were related to taste results.

The majority of taste panel members rated all fish sampies
in all evaluation categories acceptable. Cultured-two-year mullet
were rated more desirable to wild muliet in appearance and flavor
but inferior in texture and overall satisfaction. Wild mullet did
not have any discernible off-flavors or odors, possibly due to
very low fat reserves in their flesh, and were not rated signifi-
cantly inferior in any category. Wild mullet were rated more
acceptable in every category than mullet which had been fed for

42 days.
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Appearance of spotted seatrout taste samples recejved the
highest rating of any treatment, but when appearance of whole
baked fillets was judged, they were rated relatively lower due
to presence of excessive 0il on their tissue. Trout were rated
lower than mullet in flavor and overall satisfaction.

Due to their smaller size, cultured-l1-year mullet, both
fed and nonfed, were rated Tower than other fish in appearance
and subsequently in flavor. Fed, cultured-T1-year mullet were
rated better in flavor and overall satisfaction than unfed,
cultured-i-year mullet but were viewed inferior in appearance
and texture. Texture of the three fish treatments which received
supplemental food was judged inferior, possibly because of a
higher water content in their flesh, to texture of the three
nonfed treatments.

In another experiment flavor of smoked, cultured mullet was
compared to that of smoked, wild mullet captured in Florida.
Cultured mullet was preferred by judges to mullet captured in

Florida.
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ORGANOLEPTIC AND BIOCHEMICAL COMPARISONS OF CAGE RAISED AND
WILD STRIPED MULLET (Mugil cephalus)

Rennie S. Ho?tl, Bryant F. Cobb III2 and Kirk Strawn]
1Department of Wildlife and Fisheries Sciences
2Department of Animal Science
Texas A&M University

Introduction

0f all estuarine fish species, probably none is as widely

distributed as striped mullet (Mugil cephalus). It is among the

principal products of brackish water fish culture in regions as
widely separated as Taiwan and Italy (Bardach et al., 1972). Mul-
Tet possess many of the desirable characteristics necessary for
successful culture including high quality flesh, wide salinity and
temperature tolerances and as compared to carnivorous species a
lTower position on the food chain.

From a fish culture standpoint, it is desirable to select an
organism such as striped mullet which feeds on plankton, benthic
algae or decaying higher plants (Cobb, 1976); however, feeding
habits may be responsible for off-flavors and odors, dependent up-
on the environment from which the fish js taken. Mullet are not
considered edible in some areas of the world while they are rel-
ished as a food fish in others. Striped mullet captured along the

Gulf Coast of Florida, which is characterized by sandy bottoms and
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clear waters, are considered by local residents to be of excellent
quality. However, striped mullet taken from the Gulf Coast of
Texas, which has muddy bottoms and turbid water, are reported to
have oily, muddy or petroleum flavors or odors in their flesh
(Cobb, 1976).

This study compared organoleptic acceptability of striped
mullet grown in cages with that of native or wild striped mullet.
Specific objectives were: (1) to determine if mullet cultured in
cages, thereby prevented from ingesting bottom sediments, differed
organoleptically and biochemically from wild mullet captured from
a nearby bay; (2) to determine if wild mullet confined in a cage
and fed a commercially prepared diet for a short time would purge
their flesh of off-flavors and odors; (3) to determine if flesh
quality of caged, fed mullet differed from that of caged, nonfed
mullet which received their nutrition from grazing upon materials
and organisms attached to the cage mesh; and (4) to compare organ-
oleptic acceptability of mullet and the commercially desirable

spotted seatrout (Cynoscion nebulosus). In a separate experiment,

tlavor of smoked cage-cultured mullet was compared with that of
smoked wild mullet captured in Florida.
Description of the Study Area

Cedar Bayou Electric Power Station, owned by Houston Lighting
& Power Company, is located near Baytown in Chambers County, Texas,
on a peninsula which separates upper Galveston and Trinity Bays
(Fig. 1). The plant intakes cooling water from Galveston Bay
through Cedar Bayou and discharges into Trinity Bay through a

9.8-km canal. Prior to entering Trinity Bay, discharge water passes
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through a 1,053-ha cooling Take. Fish captured in 1973 were cul-
tured in the cooling lake at station 2 while all other fish were
cultured at station 1 (Fig. 1). Hydrological parameters at the
two stations were similar (Holt and Strawn, 1976).
Materials and Methods

In July, 1973, striped mullet were seined from two 0.1-ha
study ponds, located adjacent to the power plant's discharge canal
and utilized by Texas A&M personnel for maricultural research,
stocked 1in cages at station 2, fed commercial food for over 2 years
and harvested 29 September 1975. This lot was designated C2YF
(cultured 2-years and fed}. Other striped mullet were captured on
18 August 1975 by cast net from Trinity Bay at the location of the
cooling lake outflow, stocked in cages in the cooling lake, and
offered supplemental food until 29 September 1975; therefore, these
fish, cultured 42 days and fed, were designated C42DF.

Striped mullet seined from Galveston Bay and cultured in
cages at station 1 from June, 1974, until 29 September 1975 were
partitioned into 2 treatments--(1) those which received suppliemental
food (cultured 1 year and fed--C1YF) and (2) those offered no
supplemental food (CTYNF). Supplementally fed mullet were offered
Purina Catfish Chow, floating ration (fr) approximately & days per
week at a daily feeding rate equivalent to 5% of their body weight.
Daily feeding rates were calculated at 2% during November through
February. Feeding amounts were adjusted after monthly sampling.

Feeding was halted 3 days prior to harvest.
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At harvest all fish were placed immediately in crushed ice,
transported to the laboratory, weighed, deheaded and eviscerated
but not scaled. They were then placed in containers filled with
tap water, frozen and stored for 5 days.

Simultaneous to harvest of cultured fish, wild striped mul-
let were captured from the Trinity Bay outfall (wild nonfed--WNF)
and spotted seatrout were taken by gill net from the cooling lake
(seatrout nonfed--SNF). They were processed in the same manner as
cultured mullet.

Taste panel experiments were performed on fish from each of
the 6 treatments with the test being replicated once. Fish were
thawed under cool, running tap water, scaled and filleted. Fillets
of cultured-l-year mullet averaged approximately 23 g while fillets
of other fish samples averaged approximately 42 g. Fillets from
geach treatment were placed in individual uncovered aluminum foil
trays and baked, without condiment, at 120 C for approximately 40
minutes.

Baked samples were number coded and submitted simultaneously
to a taste panel of 15 judges at individual stations in a quiet
room. The panel was composed primarily of untrained members.
Judges were informed of the general nature of the experiment. A
glass of water was provided and judges were asked to drink a small
amount of water before tasting each sample. Samples were evaluated
for appearance, flavor, mouthfeel or texture, and overall satis-
faction. After completion of taste sampling, panel members were
asked to judge appearance of whole baked fillets of fish in each

treatment. A questionnaire employed by Marcello and Strawn {1973)
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which utilized a hedonic scale of 1 to B showing extreme dislike
to extreme like, respectively, was used to score each category
(Fig. 2).

Proximate chemical analyses of tissue for each treatment in-
cluded protein, moisture, and fat composition. Total nitrogen
(TN) was determined according to the method empioyed by Cobb and
Hyder (1972). Non-protein nitrogen (NPN) was determined on tri-
chloroacetic acid (TCA) extracts and protein nitrogen (PN) was
calculated by the relationship:

PN = TN - NPN x 6.25
Moisture and/or volatile substances were determined by heating
to a constant weight in a drying oven at 125 C (AOAC, 1975). Fat
content was determined by the Rapid Modified Babcock Method (AOAC,
1975).

In a separate experiment, hot-smoked, cultured mullet were
compared to hot-smoked, wild mullet taken from the Gulf of Mexico
at Suwannee, Florida. Florida mullet were deheaded, eviscerated
and split longitudinally along the ventral midline before being
placed in plastic bags, covered with ice and transported to Texas
A&M University. Care was taken to remove black pigment from the
coelomic cavity before smoking. Cage-cultured mullet were treated
in 1ike manner. Both groups of fish remained on ice approximately
2 days prior to freezing. They were frozen at -20 C prior to and
again after smoking.

The smoking procedure utilized was developed by Nicke1soﬁ
(1975). Fish were thawed at room temperature and then placed in a

0

74" salometer brine solution for 5 minutes. Brine ingredients in-
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cluded: 4 gal water, 8.0 1b NaCl, 1 1b sugar, 1 1/2 cps recon-
stituted Temon juice, 2 tbs onion powder, 1 tbs garlic powder,

and 1 bag of crab, shrimp and/or crayfish boil. Hickory chips were
used for smoking.

Fish were smoked in a Freeland Smoker* (manufactured by
Freeland Smokehouses, Waelder, Texas) at 121 C oven temberature
and 60% humidity. A temperature probe was inserted in the
muscle of a fish to monitor internal temperature. Light smoking
was begun when an internal temperature of 40-50 C was reached
(approximately 45 minutes). Fish were maintained at 83 C for 30
minutes to meet FDA regulations for smoked fish. Total smoking
time was approximately 1 1/2 hours. Fish were Teft on trays in a
cold room (5 C) overnight before being refrozen.

A 10 member taste panel, composed primarily of untrained judges,
employed a triangle test (ASTM, 1968) to compare smoked samples of
the 2 treatments. Three samples, two from one treatment and the
third from the other treatment, were placed simultaneously on a
plate and judges were asked to identify the odd sample. The test
was completed three times with selection of the odd sample and its
position on the plate chosen at random.

Results

The majority of judges rated fish samples acceptable (5 or
higher on the 8 point scale) in all categories with mean taste
panel scores ranging from 53.3% acceptable for flavor of spotted
seatrout to 92.2% acceptable for overall satisfaction of wild

mullet (Table 1). Statistical analysis of variance revealed signif-

*mention of trade name does not imply endorsement by Texas
Agricul tural Experiment Station.
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jcant differences (P>0.01) among mean scores within both appearance
and flavor categories. Subsequent Duncan's New Multiple Range Test
(Steel and Torrie, 1960) determinations revealed that appearance

of seatrout {SNF) and cultured-2-year mullet (C2YNF) were statis-
tically superior to cultured-T-year muliet, both fed (C1YF) and
nonfed (C1YNF)}. Flavor scoves of cultured-2-year and wild mullet
were significantly higher than those for trout and cultured-l-year,
nonfed mullet. Although definite trends and divisions were evi-
dent, the tendency for panel members to rate samples from 3 through
6 on the 8 point hedonic scale and to avoid extreme values (1,2

and 7,8} reduced statistical significance.

Appearance of trout and cultured-2-year mullet taste sampies
were rated first and second, respectively (Fig. 4). Although
tissue of trout was white (without dark muscie) and flakey,
appearance of whole, baked fillets due to presence of an oily
substance on their muscle was.rated relatively Tower than mullet
(Fig. 4). Mullet captured for 1 year, both fed and nonfed, received
the lowest appearance evaluations with fed fish considered slightly
less desirable.

Spotted seatrout had the least desirable flavor while
cultured-2-year muilet had the best flavor of all treatments (Fig.
5). FElavor of cultured-l-year mullet was rated only slightly
higher than that of trout.

Although scores for texture of all six treatments were not
significantly different (Fig. 5), the three fish treatments which
received supplemental food (C1YF, C42DF), and C2YF) were rated

slightly lower than the treatments which did not receive supple-
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mental food (SNF, WNF, and CINF). Wild mullet were rated best in
overall satisfaction and spotted seatrout were considered the
least acceptable (Fig. 5). Again significant differences were
absent.

Cultured mullet were rated superior to wild mullet in
appearance and flavor but wild mullet were rated better in tex-
ture and overall satisfaction. Wild mullet were rated superior
to the cultured-42-day mullet in every category. Uncooked flesh
of wild mullet had a much darker reddish color, possibly due to
higher myoglobin content, than other treatments. Fed, cultured-1-
year fish were rated better in flavor and overall satisfaction than
unfed, cultured-1-year mullet but were viewed inferior in appear-
ance and texture.

Proximate chemical analyses for each group of fish are presented
in Table 2. Protein content ranged from 18.82% for cultured-42-day
mullet to 22.24% for wild mullet. Fat content was very Tow in all
fish tissue with spotted seatrout having slightly higher levels.
Water content ranged from 72.89% to 75.77% for wild and cultured-
42-day mullet, respectively.

The 10 member taste panel statistically (P>0.01) distinguished
flavor differences between smoked cultured and smoked Florida mul-
let (Table 3). Of 30 responses, 17 correctly identified the odd
sample. Fourteen of 17 correct responses (82.4%) were scored as

preferring cultured mullet.
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Discussion

Spotted seatrout was expected to be rated superior to mullet
especially in terms of flavor. However, flavor of trout was rated
least desirable of all treatments and significantly less than
wild mullet and cultured-2-year mullet.

The amount of lipid in fish flesh greatly affects quality
of fish (Hanson and Oiley, 1965). Cobb (1976) reviewed environ-
mental effects on mullet flesh quality and reported that mullet
have been shown to concentrate fish odors and taste producing
substances in fat reserves. Fish used in this study had very low
fat Tevels (0.4%) compared to an average of 5.5% reported for
striped mullet by Sidwell et al. (1974). Flesh and coelomic cavi-
ties of all fish appeared to be devoid of fat deposits. Muscle of
wild mullet did not have any discernible off-flavors or odors,
possibly due to their Tow fat content, and subsequently were not
rated inferior to other treatments. Cobb and Hyder (1972) found
Tow fat levels (0.4%) in another estuarine species, Atlantic croaker

(Micropogon undulatus). Low fat levels in croaker were attributed

to post spawning depletion, but the reason for low levels in this
study was not clear. Caged fish did not spawn but may have been
underfed. Wild mullet captured in Trinity Bay may have been under-
nourished since they were part of a very large population concen-
trated about a lake outfall. However, spotted seatrout were cap-
tured from a cooling lake where, presumably, food was not limiting.
Although an attempt was made to standardize taste sampTes,.
samples of the smaller cultured-1-year mullet contained proportion-

ally more dark muscle and were less desirable in appearance. Their

484



appearance may have contributed to poor flavor ratings, but dark
muscle has been shown to concentrate off-flavors (vale et al., 1970).

Texture of fish in the three treatments which were fed were
rated inferior to texture of the three nonfed treatments. Proxi-
mate chemical determinations revealed that fish in the three
fed treatments had a higher water content than those which were
not fed. Inferjor texture ratings may have been a result of ex-
cessive water content in flesh of fed fish.

Toledo (1973} reported that taste panel members could statis-
tically discern flavor differences among unseasoned fillets of wild
Florida and wild Texas mullet, but preference results were not
decisive. Flavor of smoked, cultured mullet in this study was
preferred over that of wild Florida mullet. The majority of
judges felt flavor of wild Florida mullet was stronger, with a
more pronounced fishy taste than that of cultured fish. Although
chemical analysis was not made, Florida mullet appeared to contain
more fat in their flesh which could have resulted in the stronger

taste.
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Table 1-~Frequency of scores expressing acceptability of the fish*

Percent Acceptability**

Overall

Treatment Appearance Flavor Texture Satisfaction

Spotted seatrout 83.3 53.3 76.7 60.7
(SNF)

Cultured-2-Year 76.7 86.7 70.0 82.1
Mullet (C2YF)

Wild Mullet (WNF) 70.0 80.0 83.3 92.9

Cultured-42-Day 73.3 63.3 66.7 71.4
Mullet (C42DF)

Cultured-1-Year, 56.7 70.0 76.7 71.4
Fed Mullet (CI1YF)

Cultured-1-Year, 56.7 63.3 80.0 71.4

Nonfed Mullet (CT1YNF)

* Acceptable score was 5 and above in an 8 pt scale

** Total number of judges on taste panel was 15, however one judge
did not rate products for overall satisfaction
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Table 2.--Proximate chemical analysis of spotted seatrout (SNF)
and cultured-2-year (C2YF), wild (WNF), cultured-42-day (C42DF),
cultured-1-year, nonfed (CIYNF) and cultured-1-year, fed (C1YF)
striped mullet

Flesh Composition (%)

Crude
Treatment Moisture Fat Protein
SNF 73.36 0.5 19.44
C2YF 74.38 0.4 20.40
WNF 72.89 0.4 22.24
CA2DF 75.77 0.4 18.82
CIYNF 73.81 0.4 21.05
CIYF 74.79 0.4 19.79

489



Table 3.--Taste panel results for triangie test comparisons of smoked, wild Florida mullet and
smoked, cage-cultured Texas muilet

PANELIST 1 2 3 4 5 6 7 8 9 10  TOTAL  PERCENT

Number of judgments with 3 1 0 2 3 1 2 p 2 1 17
positive identification

Total number of judgments 3 3 3 3 3 3 3 3 3 3 30

Number of correct judgments 17
for significant differences
(P>0.01)

Number preferring cultured 2 1 2 2 1 2 2 1 1 14 82.4
muiiet

Number preferring Florida 1 i 1 3 17.6

wild mullet
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NAME

QUESTIONNAIRE

Texas A&M Fish Palatability Study

Please score the sample of fish for the various characteristics
according to the following scoring system:

Score Description

Like extremely
Like very much
Like moderately
Like sTlightly
DisTike sTigthly
Dislike moderately
Dislike very much
Dislike extremely

PR W OIS0

I. a) Palatability Score (eating the fish):

Sample

Appearance

Flavor

Texture
{Mouthfeel)

Overall
satisfaction

b} Any other comment {(write in)

II. How often do you eat fish {write the frequency per month)

Fig. 2--Questionnaire for organoleptic evaluation by a taste panel
utilizing an 8-point hedonic scale.
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Name

Replicate

Texas A&M Fish Palatability Study

Top

Lower left Lower right

Which of the 3 samples differ from the other two (denote unlike
sample by top, lower left or lower right position).

Do you prefer this sample to the other two? Why or why not?

Have you eaten smoked fish before this test? How many times?

Have you eaten smoked mullet before this test? How many times?

Fig. 3--Questionnaire for organoleptic evaluation by a taste
panel utilizing a triangle test.
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UTILIZATION OF INSECTS AS COMPLEMENTARY PIET

IN CHANNEL CATFISH FEEDING

Cipriano Reyes Garza
Facultad de Ciencias Biologicas de la U.A.N.L.
Monterrey, N.L. MEXICO

Introduction

The objective of this research was to study the possibi~
lity of utilizing the natural fauna of insects as complementary
diet in channel catfish feeding in artificial ponds.,

The required methodology consisted in trapping different
species of imsect by means of black light traps; welghing
and classifying the trapped species, investigating at the same
time its protein content.

In using the daily catch of insects as food complement for
fish in a pond we tried to determine the profitability of
the project, always keeping in mind the conversion of feed to

fish meat as well as the cost of energy consumed by the trap.

Insects as source of feeding

In utilizing insects as a source of complementary feding
one has to take into account certain characteristics of the
insects, such as the attraction that light exerts upon certain
species and the high protein content of the same. It is neces-

sary, however, to mention some important points concerning this
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subject, such as the high content of free amino acids in the
insect's blood, as well as the presence of lipid bodies in the
hemocele. These last bodies constitute an important glucose
storing center; also the insect's cuticle is mainly proteins

and quitine of a high proteic value.

Materials

Ponds

Two ponds were included in the catfish project, both of them
located at the Experimental Station, School of Agriculture of
the Monterrey Institute of Technology in Apodaca Nuevo Ledn.
The ponds' dimensions are 50 x 23 meters, with a mean depth of

1.40 meters, and a capacity of 1,280 cubic meters.

Black=light traps
Two traps of diminished ultraviolet light, with a wave
length equal to 3,600 A (black light), General Electric, F C

12T 10 BL rapid-start black light were used.

Experimental units
One thousand and two hundred fingerlings of chanmel cat-

fish (Ictalurus punctatus) were used.

Balanced feed.
Tmported feed to cultivate the channel catfish made up of
32% protein, 2% fat and 10% crude fiber.

The feeding rations were completed for pond No. 1 at a
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rate of 3.6 kg which corresponds to the 3% of the biomass of
fish, and one half of that which was used for pond No. 2 (Ex-

perimental pond.

Methods

Both ponds (No. 1 and 2) of the channel catfish project
were utilized, having pond number one as control and pond number
two as experimental.

In pond number one we placed 600 channel catfish with the
following mean measures:
'Xlweight = 0.174 kg
X total length = 24.7 cm
X standard length = 21 cm

In pond number 2 we also placed 600 units with the follow-
ing mean measures:
X weight = 0.140 kg
X total length = 24.1 cm
X standard length = 20.3 cm

The biomass of both ponds was a total of 104 kg in pond
number one and 64 kg in pond number two., Daily samples of
insects were collected from trap 'E' up to May 1lth, 1974.
Two simultaneous samplings were made during the whole period
in traps 'A' and 'B', with the purpose of checking the effi-
ciency of the control trap in reference to trap 'A'.

The collected samples were weighted in an analytical

scale and were also classified in order to determine the average

498



weight, in grams, of insects that were fed daily to pond number
two, and the type of insects that were more predominant in
the daily catch, |

Protein analysis were made of the general samples, of a
lepidopter sample and of a coleopter sample, in order to

determine the percentage of crude protein in each sample.

Samplings

Ponds 1 and 2 were sampled on the following dates: March
30, April 24 and May 11, 1974. The sampling was practiced
collecting in both ponds after the water level was decreased,

with two persons drawing the net along the pond.

Conversion appraisal

Pond (1):
Beginning weight -— 113.44 kg
Final weight -—  226.42 kg
Net kg of fish obtained —-— 102.972 kg

Amount of food fed during 62 days:

Balanced feed 225.45 kg

Pond (2):
Beginning weight -- 64.82 kg
Final weight -— 127.045 kg
Net kg of fish obtained ~~ 62.225 kg

Amount of food fed during 62 days:

Balanced feed -- 112.727 kg
Insects — 3.257 kg
Total - 115.984 kg



The conversion in two ponds in % :

Pond (1):

] s _ 102.972 .
Conversion in % = 555 45 ¥ 100 45.6%

]

Pond (2):

62.225

Conversion in % = ijgtagz-x 100 53.649%
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Conclusions

From this study we can come to the following conclusions:
1. Fish fed with insects as food complement reach a higher
convergion level than those fed with balanced feed only;
this leads us to believe that a fish diet, complemented with
insects, has a greater protein content than its equivalent
weight of balanced feed only.
2. Due to the fact that the amount of insects caught during
the year 1in the traps varied, we feel reasonably safe in
inferring that the disposable amount of insect-based food for
catfish is also variable, this produces variations in the rate
of growth of this species.
3. We can say that the mass production of insects could be a
source of protein of a good quality in the food chain of human
beings, refraining from offering insects as such as food for
humansg, due to its low acceptance.
4. Utilization of insects in a different presentation could
also be a good way of using them. They could serve as basis
for the production of balance feed for other type of animal
produétion. The cost for this would be very low, considering
its high rate of reproduction and the fact that its protein
content competes with and it can even exceed that of some com-

ponents of balanced feed, such as soy beans and fish meal.
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Table 1. Analysis of percentage of humidity in
sample of insects collected. Apodaca, Wuevo Lebn 1974,

Type of Sample Welght in Grams

Humid coleopter 2.4
Dried coleopter 1.7

% of humidity = 28.4%
Humid lepidopter 2.4
Dried lepidopter 1.2

Z of humidity = 47.68%
Humid general of insects 2.9
Dried general of insects 2.1

% of humidity = 27.7%
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Table 2. Analysis of percentage of crude
protein of samples collected. Apodaca Nue—
vo Leén 1974.

Group # of protein
Humid coleopter 42.0
Dried coleopter 40.0
Humid lepidopter 36.2
Dried lepidopter 38.1
Humid of insects (general) 34.8
Dried of insects (general) 36.7
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Table 3. Report of weights registered by samples of
insects collected. Apodaca, N. L. 1974,

March
11 9.4
16 40.2
21 42,1
26 28.5
30 23.2
April
6 24.9
15 20.6
20 26.6
25 19.7
26 18.4
27 24.6
28 31.6
29 33.5
30 45,2
May
1 22.8
2 12.7
3 24.6
4 21.8
5 22.4
6 26.8
7 24.7
8 28.1
9 34.6
i0 70.2
11 62.5
12 84,4

X in 23 samples approximately = 30.7 g

Note: 1In the mean weight it was added the sum of the
weights of samples collected from May 13 - 17,
1974,
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Table 4. This table presents the amounts of insects be-
longing to the same order, as collected in each sample
(total catch in one day).

Date Hime, Col- Lepi- Dip. Hemip. exr- Orthop Neu-
eop. dop. ap op.
March
6 6 6 26 13 2 5 - -
16 4 16 137 21 7 4 6 1
21 2 11 168 17 6 4 - -
26 6 17 45 16 12 - 1 3
30 8 624 322 20 16 8 - -
April
6 87 726 848 24 14 76 - -
15 92 203 811 28 29 42 2 2
20 34 512 634 22 36 22 - -
25 27 615 421 17 28 30 4 2
26 48 821 699 32 - 37 - -
27 69 742 847 28 7 38 i3 1
28 57 762 863 35 71 45 15 1
29 23 873 924 39 18 24 - 2
30 102 1142 1211 56 62 27 11 -
May
1 93 564 629 22 21 64 - 3
2 7 52 96 17 9 11 1 6
3 7 657 818 31 26 62 - 5
4 i3 903 943 37 16 48 11 -
5 27 874 972 42 - 56 - 2
6 24 909 1052 40 22 53 - -
7 34 932 1126 27 i8 62 26 -
8 39 945 1046 32 24 64 13 -
9 40 1116 1214 39 30 71 7 9
10 57 1324 1447 56 34 69 - -
11 62 1418 1422 45 29 42 4 4
12 46 1420 1366 52 40 63 2 3
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Table 5. Identification of samples of insects collected.

Coleopter Order
Family of Elateridae

Genera Conoderus
Aeolus
Ischicdontus

Megaphentes
Neotrichophorus

Gliphonvx
Melanotus

Horistonotus

Esthesopus

Lepidopter Order
Family of Noctuidae

Helicoverpa (Heliothis) zea Boddie
Heliothis virescens (Fab)
Trichoplusia ni (Hubner)

Family Saturniidae

Alabama argillacea (Hubner)
Automeris io (Fab)

Family Sphingidae
Family Yponemeutidae
Orthoptera Order

Several genera of unidentified leaf cutters
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Table 6. Standard weight and length and total aver-
ages of Ictalurus, placed in pond no. 1 with a com—
plete diet, and in pond no. 2 with an incomplete
diet complemented with insects.

Pond %verage Std. Total
Weight (kg) Length (cm) Length (cm)
First Sampling
1 0.174 21.0 24.7
2 0.140 20.4 24.1
Second Sampling
1 0.227 22.1 25.7
2 0.180 22.3 25.0
Third Sampling
1 0.268 24.5 28.4
2 0.232 23.8 27.9
Fifth Sampling
1 0.331 26.6 30.9
2 0.274 25.6 30.5
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ELAPSED

DAYS

70 pond (2) \ pond (1)

331

total
harvest

60

partial
catch

40

30

20

JL o . | 1 |
140 180 220 260 300 340

WEIGHT 1IN GRAMS

Fig. 1-—Comparison of growth of fish samples from ponds No. 1
and 2, expressed in unit weights. Pond No. 1 is the
control pond, while pond No. 2 is the pond where insects
were fed as food complement.
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Fig. 2--Growth of fish, expressed in cm., sampled from ponds
1 and 2. (Total length).
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Fig. 3--Relationship between total length - weight from ponds
1 and Z.
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UTILIZATION OF SMALL MULLET BY A COLD SMOKING PRQOCESS

J. A. Koburger and J. L. Oblinger
Food Science Department
University of Florida
Gainesville 32611

D. M. Janky
Poultry Science Department
University of Florida
Gainesville 32611

Introduction

Florida harvests some 35 million pounds of mullet a year, with
most of the harvest occurring during certain peak seasons of the
year. One of the major harvests is associated with the period of
spawning, and varies as to location along both coasts of Florida.
In addition, a relatively large harvest of small mullet (less than
a pound) takes place during spring and early summer. The quality
of these mullet is quite good, however, they are not desirable for
retail trade because of low filleting yield. 1If a product could be
developed that effectively utilized these small mullet, it would
benefit both the fisherman and consumer. This report represents a
preliminary study on the development of a cold smoked product made
from these small mullet which might find use as an entree in Florida

restaurants.

Materials and Methods
Mullet were cbtained from Cedar Key, Florida, in the Spring of

1975 and the Winter of 1976. They averaged 11 oz. in weight. Three

Florida Agricultural Experiment Stations Journal Series No. 9016 .
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experiments were conducted using fresh fish, usually less than 24
hours from harvest. Three additional experiments were conducted with
mullet harvested on the same dates but frozen at ~5°F for at least

30 days prior to processing.

The mullet were butterflied, rinsed and iced the day prior to
smoking. They were then brined in a 20% salt solution for 20 min-
utes at a ratio of 1:1, rinsed and allowed to dry on the smoke racks
for 30 minutes prior to smoking. A Koch "Grandprize" Smokehouse
with a separate smoke generator employing hickory sawdust as the
source of smoke was used in all experiments.

The fish were placed in the smokehouse with the smokehouse vents
open, the heaters set at 120°F and the smoke gemerator on. After the
first thirty minutes, the smokehouse vents were closed and the fish
smoked for an additional 4.5 hours. After smoking, they were cooled
to ambient temperature, packed in aluminum foil and stored at either
40°F for seven days or —-5°F for up to 40 days. Three trials were
conducted on freshly harvested fish and three on frozen stocks.

The fish were prepared for sensory evaluation either by baking
in foil for 20 minutes at 425°F or by being cut into pieces approx-
imately 2-3 square inches and deep~fat fried for 2.5 minutes at
350°F. The sensory panel was composed of between 14 and 16 members
for each trial,

Microbial analyses were by standard procedures (Food and Drug
Adm. 1969). TBA values were determined by the method of Yu and

Sinnhuber (1957).
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Results and Discussion

Cold smoking has been traditionally carried out at temperatures
less than 853°F. However, Lantz and Iredale (1969) reported that tem—
peratures between 90 and 120°F could be used for the preparation of
"Winnipeg Goldeye', a cold smoked product prepared in Canada. The
choice of the higher temperature in this study was based on the desire
to produce a slightly drier product than is produced at the lower temp-
eratures and the fact that it would be extremely difficult in Florida
to maintain commercial smokehouse temperatures much below 120°F
(Koburger and Mendenhall, 1973).

Table 1 shows the TBA values for the smoked mullet stored both
at 40 and -5°F. The fish stored at 40°F held up well at this tem-
perature for seven days, which is considered to be the maximum storage
time for this pioduct wnder these conditions. Those samples stored
for 40 days at -5°F had a TBA value of 6.35. While this value is high,
Thompson (1962) demonstrated that a TBA value of approximately 8 is
necessary before smoked mullet is judged rancid. Yield data (Table
2) is given for both hot (held 165°F for 30 min) and cold smoked mul-
let of the same size. It was observed that the weight loss from
cold smoked mullet is considerably less than that for the hot smoked
mullet, as would be expected.

Qur results do not show the destructive effect on microorganisms
of cold smoking (Table 3) that has been reported by others (Cutting,
1965). The reason for this is not clear at this time; however, studies
are being conducted to determine the surviving species and their
growth potential in this product. The data does indicate that with
cold smoked mullet, 7 days is probably the maximum period of storage

for this product at 40°F.
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The sensory panels for evaluation of this product were performed
in the following manner (Table 4). 1In the morning session, a single
sample of baked mullet was presented to the panelists for evaluation.
Then in the afternoon, samples were prepared by both baking and fry-
ing for evaluation and comparison. The data indicated that the
panelists rated the cold smoked mullet high, indicating that the pro-
duct is quite acceptable. The fried smoked mullet was as equally well
liked as the baked product, indicating that this novel means of pre-
paration has promise. The data also indicated that frozen storage of
the mullet prior to smoking had no effect on acceptance by the panel-
ists.

Although these data are preliminary, they demonstrate that cold
smoking of mullet may be an effective way of utilizing these small

fish.
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ABSTRACT

During certain times of the year, predominantly small mullet
are available to Florida fishermen. These fish generally weigh
less than a pound and are not desirable for retail sale due to
their poor yield upon cleaning. In order to find alternative uses
for these fish, a cold smoked process was developed in which the
mullet were cold smoked before storage and baked in foil at 425°F
for 20 minutes immediately before consumption.

Fresh mullet (approx. 11 o0z.) were cleaned, butterflied and
brined. Smoking was at 120°F for five hours using hickory chips as
the source of smoke. Samples were stored at either 40°F for seven
days or -5°F for up to 40 days. Organoleptic changes, rancidity
development and microbial growth were monitored throughout storage.

The smoked mullet exhibited good storage stability toward both
rancidity and microbial spoilage. Sensory evaluations of the cooked
fish were excellent, indicating a potential for this product as an

entree in restaurants.
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Table 1. TBA values for stored cold smoked muller

Storage Conditions

Sample 40°F ~5°F

Fresh fish 1.73 1.34

One day 3.40 3.98

7 days 3.74 —

20 days -t 5.60

40 days — 6.35
1Not done
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Table 2. Yield data for both hot and cold smoked mullet

Whole fish

Butterflied

Brined

Smoked

Hot {(165°F)

100

59

60

37

520

Cold (120°F)

100

62

62

50



Table 3. Microbial changes of cold smoked mullet during storage

Fresh fish
Brined fish
1 day/40°F

7 days/40°F

521

APC
24,500
28,000
26,000

276,000

orglg

Coliforms

43
43
23

220



Table 4.

Product
Storage

7 days @ 40°F

Baked

Baked

Fried

40 days @ -5°F

Sensory evaluation of cold smoked mullet1

Baked

General
Odor Colox Texture Flavor Acceptance
2
8.1 8.1 7.4 7.6 7.6
8.0 7.7 7.7 7.6 7.8
8.0 7.4 7.6 7.4 7.4
7.6 7.8 7.7 7.8 7.8

lEach value, the mean of three replicated experiments.

2Scale = 9 - point hedonic with 1 = disliike

extremely to 9 = like extremely.
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POTENTTIAL DEMERSAL-FISH FISHERIES IN THE
NORTHWEST GULF OF MEXICO
Mark E. Chittenden, Jr. and John D. McEachran
Department of Wildlife and Fisheries Sciences

Texas Agricultural Experiment Station
Texas A&M Undiversity

Introduction

The Gulf of Mexico (Gulf) supports large demersal fish (bottom
fish) stocks that have great biological potential to support fish-
eries.

This paper presents basic biological data that identifies the
more abundant fishes in the northwestern Gulf on an overall and
seasonal basis and estimates the magnitude of the fish resource
currently being discarded by commercial shrimpers in the Gulf off
Texas. Finally, this paper describes the general nature of the
population dynamics of the most abundant demersal species to suggest
the probable effects that harvesting would have on these resoutrces.
Although the emphasis in this paper is on the northwestern Gulf,
many of our findings have broader application in the Gulf.

The biological information presented herein indicates potential
fisheries. Whether or not the potentials become actual fisheries ob-

viously depends, in.part, on other considerations such as economic ones.

Materials and Methods

The data that this paper is based on were collected aboard
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working shrimp trawlers off east and central Texas. We made four
cruises in depths of 2-42 fathoms during the periods late Septem~
ber-early October 1973 (September), mid-January 1974, late March
1974, and late June 1974. We trawled for 83 hr in 21 tows on what
we define as the white shrimp grounds (an inshore community at
about 2-12 fathoms), and we trawled 240 hr in making 39 tows on
the brown shrimp grounds (an offshore community at about 12-50
fathoms).

We obtained a 40 1b sample from each tow by shoveling small
amounts of fish from various areas of the deck into a 5~gallon
container. All fishes in these samples were identified, counted
and measured. TFinally, we shoveled the entire catch into 80 1b
fish baskets to measure the catch.

The scientific names of the fishes mentioned herein are

listed in Appendix 1,

Magnitudes of the Discard Catch

Discard catches were much higher on the brown shrimp grounds
than on the white shrimp grounds, and they were much greater in
summer than during winter (Table 1). The term discard, as used
herein, refers to everything but shrimp. It is about 90% fish.
Discard/tow on the brown shrimp grounds was twice that on the white
shrimp grounds during September. It was five times that on the
white shrimp grounds during January. Catches declined greatly by
winter and were especlally small on the white shrimp grounds during
winter.

The ratio of the mean discard and shrimp catches was 11.35
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volumes of discard to one of headed shrimp with the 95% confidence
1limits of the tratio being 9.7 and 13.0. The mean annual shrimp
catch (headed shrimp) of Texas-based trawlers in the Gulf during
the ten-year period 1962-1971 was 48.3 million 1b. based on pub-
lished landing statistics of the National Marine Fisheries Service.
Therefore, by applying the discard-shrimp ratio of 11.35:1 to that
figure, we can estimate that the mean annual discard was 548 million
pounds from 1962-1971. The 95% confidence limits for the mean
annual discard were about 470 to 630 million pounds. The overall
fish-shrimp ratio was about 10 volumes of fish to one of shrimp,
so that shrimpers discarded about 483 million 1b of fish annually.
According to our observations, essentlally the entire catch is

discarded. These discarded fish are either dead or dying.

Overall Compositions of the ¥Fish Fauna

The fish communities of the white and brown shrimp grounds
were distinctly different. However, a single species dominated
the community on each grounds and a few other species each com-
prised 2-15% of the catch (Fig. 1). Most species were not abundant.

Four families comprised 88% of the fishes on the white shrimp
grounds (Table 2). These were the drums (64%), cutlassfishes (14%),
threadfins (5%), and sea catfishes (5%Z). Five other families each
comprised 1-4%. These families were the butterfishes, herrings, jacks,
grunts and lefteye flounders. The nine families cited comprised 987%
of the fishes on the white shrimp grounds.

Six families comprised 82% of the fishes on the brown shrimp

grounds (Table 2). These were the porgies (40%), searobins (177),
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drums (8%), goatfishes (67%), lefteye flounders (6%), and sea basses
(5%). Nine other families each comprised 1-4%. These families were
the batfishes, lizardfishes, snappers, toadfishes, cusk-eels, jacks,
butterfishes, scorpionfishes, and puffers. These 15 families comprised
99% of the fishes on the brown shrimp grounds.

Seven species were very important on the white shrimp grounds.
These were the dominant Atlantic croaker (30%), the Atlantic cut-
lassfish (14%), silver seatrout (13%), star drum (10%), sand seatrout
(8%2), Atlantic threadfin (5%), and sea catfish (5%).

Four species were very important on the brown shrimp grounds.
These were the dominant longspined porgy (39%), the Mexican searobin
(8%), horned searcbin (6%), and dwarf goatfish (67).

Most specles that were important on one shrimp grounds were
absent on the other or virtually absent. The white shrimp grounds
fish community is closely associated with estuaries whereas the brown
shrimp grounds fish community is independent of estuaries. Therefore,
the brown shrimp grounds fish community is probably less affected by
development of coastal areas than the white shrimp grounds community
is. The brown shrimp grounds may have larger fishery potential than
the white shrimp grounds; because about 2/3 of the continental shelf
in the northern Gulf lies within the bathymetric range of the brown
shrimp grounds, and relative bilomass appear larger on the brown

shrimp grounds.

Seasonal Compositions of the Fish Fauna

The most abundant species on the white shrimp grounds during the
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warmer months included the Atlantic croaker and Atlantic cutlassfish
in that order. The star drum, sand seatrout, sea catfish, and Atlan-
tic threadfin were also important. During winter the most important
species by far was the silver seatrout. The Gulf butterfish, Atlantic
cutlassfish, and Atlantic croaker were also important during winter.

On the brown shrimp grounds, the longspined porgy was always
most abundant. The Atlantie croaker, shoal flounder and blackear
seabass were also abundant during late summer, and the Mexican

searobin and horned searobin were also important in winter.

Population Dynamics and Harvest Potentials

The bottom fishes on both the white and brown shrimp grounds
appear very similar in certain aspects of their life histories.

They are small: nearly all the fishes captured on both grounds were
less than 200 mm in length with the exception of the Atlantic cut-
lassfish. The life spans of nearly all the fishes appear to be
only one or two years, in general, so that they must mature rapidly.
Their theoretical total annual mortality rates are about 90% or
more,

The Atlantic croaker and longspined porgy, the dominant species
on the white and brown shrimp grounds, respectively, illustrate
these points.

Nearly all the croaker captured were 100-210 mm in length
(Fig. 2). Except for a few large fish, our length frequencies
indicate that only one year class occurred at a given time. Spawn-
ing of this species occurs primarily in the fall. The year class

that we observed in September was apparently approaching age I,
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because the sizes of the fish we captured agree with the sizes at
age I that have been reported in the literature. Therefore, the
typical life span of this species is apparently about one or two
years.

Nearly all the longspined porgies captured were 85-145 mm fork
length (Fig. 3). The largest specimen that we captured was 156 mm,
and a 221 mm fish is the largest recorded. Spawning occurs in the
spring, and 25-35 mm long fish have been reported in early May and
June. These young apparently grow to 80-110 mm by late September,
because only one year class appears in our length frequency then.
Only one, or at most two, year classes were present in winter. Most
fish apparently approached age I in January. Therefore, the typical
life span of this species is apparently about one or two years.

Because of the high mortality rates of the fishes, there must
be a rapid turnover of biomass on each shrimp grounds and large
seasonal changes in the numbers of each species. TFishes with this
type of life cycle tend to withstand very high fishing mortalities
without danger of over-harvesting. Therefore, the Gulf demersal
fishes apparently represent an enormous potential protein resource
as our estimate for the discard off Texas suggests. The population
dynamics of Gulf demersal fishes contraét with the larger sizes,
longer life spans, apparently lower mortality rates etc. of fishes
in northern waters. This apparent geographical difference in
population dynamics may mean that the Gulf demersal fishes are not
very susceptible to overfishing and that they may have a

higher harvest potential than northern fishes do.
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The shrimp fishery is the major fishery now affecting the
demersal fishes. The Gulf shrimp fishery at present, however, does
not appear to be overharvesting the dominant demersal fishes,
because the species and size compositions that we found are very
similar to those reported early in the history of the white and

brown shrimp fisheries.
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Table 1. Relative discard catches on the white and brown shrimp
grounds expressed as the number of 80 1b baskets/tow

CATCH/TOW ON THE:

WHITE SHRIMP BROWN SHRIMP
PERIOD GROUNDS GROUNDS
September 14.8 26
January 3.9 21
March - 10
June 9.1 -
Overall ' 9.8 17
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Table 2, The most important families of fishes captured on the

white and brown shrimp grounds.

FAMILY

Sea catfishes
Seabasses

Porgies

Drums

Goatfishes
Threadfins
Cutlassfishes
Searobins

TLefteye flounders

TOTALS

WHITE SHRIMP
GROUNDS

Numbers represent percentages
of the total cateh on a given grounds,

BROWN SHRIMP
GROUNDS

5

0

0

64

531

Absent

5

40

17

[ o]
3] =)



Appendix 1. Scientific names of fishes mentioned in the text

Scientifie Name

Clupeidae
Synodontidae
Ariidae
Batrachoididae
Ogcocephalidae
Ophidiidae
Serranidae

Serranus atrobranchus

Carangidae
Lutjanidae
Pomadasyidae
Sparidae

Stenotomus caprinus

Sciaenidae

Cynoscion arenariua

Cynoscion nothus

Micropogon undulatus

Stellifer lanceolatus

Mullidae

Upeneus parvus

Polynemidae

Polydactylus octonemus
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Common Name

herrings
lizardfishes

sea catfishes
sea catfish
toadfishes
batfishes
cusk-eels
seabasses
blackear seabass
jacks

snappers

grunts

porgies
longspined porgy
drums

sand seatrout
silver seatrout
Atlantic croaker
star drum
goatfishes

dwarf goatfish
threadfins

Atlantic threadfin



Scientific Name

Trichiuridae

Trichiurus lepturus

Stromateidae

Peprilus burti

Scorpaenidae
Triglidae

Bellator militaris

Prionotus paralatus

Bothidae

Syacium gunteri

Appendix 1. continued
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Common Name

cutlassfishes
Atlantic cutlassfish
butterfishes

Gulf butterfish
scorpionfishes
searobins

horned searobin
Mexican searobin
lefteye flounders

shoal flounder
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Figure 1. Community structures on the white and brown shrimp
grounds.
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NOTES ON THE UNDERUTILIZED FISHERY RESOURCES OF THE GULF OF MEXICO

ABSTRACT

The Gulf of Mexico is considered extremelv productive,
especially the north central area around the liississippi
Delta. The area approximately 10,000 square miles
extending on either side of the Delta produces from

2/3 to 4/5 of the total Gulf producticn, Information
about the latent and underutilized fishery resources

of the Gulf is summarized for this First Annual Tropi-
cal and Subtropical Fisheries Technological Conference.
Although data are provided on both pelagic and demersal
fish resources, the latter is emphasized., Latent
resources include several tunas and coastal pelagic
species such as herring, sardine, and anchovy. Underw
utilized species include many species taken by the
shrimp fleet incidental to the shrimp catch. The

volume of fish discarded by this fleet may reach

3 billion pounds per year., Because of the rapid turn-
over of the fish stock and consequent rapid growth, a
high continued yield can be expected. However, there is
a need for developing short-range prediction about the

status of the stocks.
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NOTES ON THE UNDERUTILIZED FISHERY RESQUECES
OF TiIE GULF QOF MEXICO
Relf Juhl
NOAA
National Marine Fisheries Service

Southeast Fisheries Center
Pascagoula Laboratory

Introducticn

In agreement with the objectives of this
Conference which relate, in part, to the possibility
of utilizing latent and/or underutilized fishery
resources, this paper provides general information
about the Gulf of Mexico fisheries., Although special
interest is focused on demersal fish, owing to their
relevance to the objective of the Conference, other
groups are also included.

The area under discussion extends from Brownsville,
Texas to the Dry Tortugas off Florida. Here the area
of the Continental Shelf is roughly 100,000 square
miles; about 90,000 square miles lie inside the 50-
fathom curve and about 24,000 lie inside 10 fathoms.
Most of the fish production comes from inside the 50~
fathom curve. The average distance from shore of the
10~fathom depth in this area is 12-15 miles; the 50-
fathom depth 75 miles; and the 100-fathom curve lies
85 miles from shore,

The most productive region, and the area where

most of the fishery is concentrated, is around the
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Mississippi Delta with approximately 2/3 to 4/5 of the
total Gulf production taken within a 10,000 square mile
area extending east and west of the Delta. The total
U. S. landings for 1974 were 4,9 billion pounds valued
at a record $898.5 million at the ex-vessel level
(Wheeland, 1975). The latest production figures (1970-
75) show the Gulf of Mexico landings have grown to 40%
of the U. S. total by volume and 30% by value. This is
compared to the figures of 1930 when the Gulf production
was a mere 5% and 4% in volume and value respectively,
(Figure 1), With respect to the fish landings and
relative value in the Gulf states, Figures 2 and 3 in
the appendix are self-explanatorv,

As a corollary on a world-wide basis the pro-
ductivity of the Gulf, specifically the northern area,
is considered second only to that of the Peruvian coast.
However, much of this productivity in the Gulf is not
being effectively used.

On the producing and processing side, records
show that until 1900 the entire Gulf fishing fleet had
less than 400 vessels larger than 5 net tons and 5,000~
6,000 smaller boats. By 1967 the fleet contained nearly
4,000 vessels and over 10,000 motor boats manned by more
than 20,000 fishermen. Fish wholesaling and processing
facilities now number over 800 and support more than .
13,000 employees (Thompson and Arnold, 1971).

The 1974 landings (millions of pounds) of the eight
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leading species are:

1. Shrimp, 186.0

2. Menhaden, 1,300.0

3. Red Snapper and Grouper, 15.0

4, Oyster, 12.0

5. Mullet, 35.2

6. Industrial Bottomfish, 103,2

7. Spanish and King Mackerel, 15.0

8, Blue Crab, 28.0
In addition to these landings, large amounts of fish
are taken as by-catch to shrimp and foodfish trawling
and discarded. This by-catch issue has received some
attention in the past but in fragmented surveys and
research efforts. At present the National Marine
Fisheries Service, Southeast Fisheries Center's
(SEFC) Laboratory, Pascagoula, Mississippili is expanding
its work on this to cover the entire Gulf shrimp fish-
ery through contractual arrangements with Texas,
Louisiana, and Florida. Preliminary data on the by-
catch issue indicate that at least 2 billion and
possibly up to 3 billion pounds of fish are discarded
annually by the Gulf shrimp fleet. Obviously, this
by~catch is considered to have development potential.

Underutilized and Latent Resources

Numerous oceanic surveys and exploratory fishing
activities in the Gulf area have shown that this region

supports vast fishery resources which are not being
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fully utilized. These resources include demersal or
groundfish and velagic species. A summary of general
knowledge about the more important species £rouns
comprising these resources follows, including estimates
on biomass of each. Bear in mind, however, that the
estimates are rough and need to be refined through
further resource assessment surveys,

Large Pelagics

Coastal Pelagics

Demersal Fish

Large Pelagic Fishes

(Billfish, Dolphin, Mackerel, Shark)

The Gulf supports a sizable billfish population
about which little is known. VWork currently underway
on life histories indicates adults may migrate to spawn
in the southern Gulf and Caribbean areas during winter,
Though they now have limited commercial value, they do
have a high value to sport fishermen, both on the east
coast and in the Gulf, High mercury levels found in
swordfish and in some of the marlins tend to discourage
U. 5. commercial exploitation but do not apparently
affect the recreational catch. At this time, there is
no estimate of the sustainable yield,

Mackerel
Two important mackerels are found in the area:

the king, Scomberomorus cavalla, and the Spanish,

S. maculatus. Both are migratory and, at present,
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commercial and recreational fisheries exist for both
species. The bulk of the commercial catches occurs
within 12-15 miles from shore but the migratory
behavior of these animals could increase their harvest
considerably. Estimates of the mackerel population in
the Gulf are from 100 to 140 million pounds with large
portions of these stocks assumed to be found in the
northwestern Gulf duping summer and fall.
Sharks

Several species of sharks (i.e., blacktip, silky,
dusky, whitetip, tiger, hammerhead) inhabit the Gulf
area in seemingly high abundance. The Mississippi River
Delta and other commercial fishing areas are particularly
productive due, in part, to the shrimp fisheries scrap
discards in that area. The standing stock of sharks in
the Gulf has been estimated by Bullis and Carpenter,
19683 and Bullis, Carpenter, and Roithmayr, 1971, at
300 million pounds, a large portion of this in the
northern Gulf,

Blackfin, Skipjack, and Little Tuna

These species abound in the subject area. Little
tuna prefers inshore areas in the mixing zone of clear
and murky water while the blackfin and skipjack prefer
clear waters over the edge of the Continental Shelf.
Commercial harvest of 1little tuna is 600 tons per year
and practically non-existent for blackfin and skipjack.

The biomass or standing stock is estimated to be over
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160 million pounds.

Ccastal Pelagic Fishes

This group refers to small, surface, and midwater
schooling fishes of the herring, sardine, and anchovy
groups. Included are some jacks, butterfish, and
bumpers. The principal coastal pelagic species taken
commercially in the Gulf is menhaden and 1.3 billion
pounds were landed in 1974,

Other coastal pelagic species occurring in the
Gulf are thread herring, Spanish sardine, scad, round
herring, cigarfish, and anchovy, which are exploited
only on a very limited basis. Most cccur inside of 10
fathoms but seasonal shifts in abundance indicate the
stocks range seaward to 50~60 fathoms. The most
abundant may be thread herring for which a temporary
commercial fishery existed in Florida waters in the late
1960's. Estimates of the latent potential for thread
herring in the Gulf of Mexico are 2 billion pounds with
the greatest abundance off Florida. The biomass is
estimated to be over 8 billion pounds.

NOTE: Some of these coastal pelagic species such as
menhaden and thread herring are readily taken
by purse seine gear but others such as Spanish
sardine, round herfing, and anchovy are diffi-
cult to catch. New and innovative harvesting
systems would be required to successfully
harvest the bulk of the coastal pelagic resources

in the Gulf,
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Demersal Fish (Groundfish)

This group of finfishes, comprising some 175
species, constitutes perhaps the second largest
resource, by volume, of the Gulf. The dominant group
within the resource are the drums (Sciaenidae}--croaker,
spot, seatrout; however, other species such as sparids
and sea catfish are major constituents (Roithmayr, 1965).
Groundfish occur on the Continental Shelf, on mud or sang
bottoms, generallv found inshore of 30 fathoms but often
reaching sizable densities outside this depth. Most are
estuarine-dependent during part of their life cvcle.

In the earlv 1960's, approximatelv two-thirds of
the rescurce was harvested inside the 1l0-fathom line;
however, recent data indicate that only 55 percent of
the catch came from inside this depth, demenstrating a
trend to larger vessels having a greater operating
range. A large volume of industrial groundfish is taken
during shrimping operations in the south Atlantic and
Gulf and discarded overboard, Estimates of this loss
range from 4 pounds to 20 pounds of discards per pound
of shrimp caught. If these ratios are referenced with
total shrimp landings in the Gulf, the annual volume of
discarded groundfish could be 2 to 3 billion pounds.

Directly related to the demersal resources of the
subject area, the SEFC initiated a Groundfish Program in

1973, Program objectives are to evaluate the industrial
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and foodfish groundfish fishery in the northern Gulf
and provide information on availability, abundance, and
status of the resource. The specific work area extends
from Apalachicola, Florida to Galveston, Texas in the
depth range from 10 to 50 fathoms (Juhl, et al., 1373),.
Recent analyses of the trawl survey have included
studies on occurrence of the major families by season
and depth. A study was also made on occurrence of
sclaenids by weight and by season. Results of these
are shown in Table 1 and Figure 5. Figure B describes
the survey area depicted in Figure 5.
Efforts by the Pascagoula Groundfish Program in
the area west and south of Galveston have been limited
in recent vears; however, current information will be
reported here by others (Chittenden and McEachran, 13876).
Additional latent resources of the Gulf and esti-
mated standing stock, considered important but for which
limited information is available, includes:

Resource Estimated Standing Stock
(m1llion 1bs,)

Mullet 5600~-800
Ten-pounder (Ladyfish) 1520
Bluefish 40-50

Flyingfish 400=-500

Squid 700-800
Flatfish 50-60

It should be noted that these standing stock
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figures are rough estimates and need to be substantiated.
Nonetheless, they are included to provide examples of the
resource potential in the Gulf.

In closing, it should be noted that many important
stocks now being harvested are reaching their maximum
yield. Fishery development programs and continued growth
of the extant industry will have to depend on the afore-
mentioned underutilized and latent resources. The ever
present increasing pressure on the shrimp stocks, owing to
greater competition by more and larger vessels, will
undoubtedly aggravate the fish by-catch situation; also
because more fishing will be done in marginal shrimp pro-
duction areas where the ratio of shrimp to fish may be
higher than normal. This makes the urgency of
implementing plans for use of the discards more apparent.

It is also obvious that additional knowledge and
continued monitoring of the Gulf resources are needed.
Contrary to the fishes of northern waters, many of the
Gulf speciles are relatively short-lived and have a high
rate of turnover. It is believed that the mortalitwv
rate is 90% by their second year. As a consequence, the
conventional method of determining population estimates,
such as following a strong year class, is not valid.
Therefore, there is a need for developing short-range
prediction capabilities. On the optimistic side,
because of the dynamic character of the stocks and the

exceptional productivity of the Gulf, we can depend on
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a continued high yield from the existing resources.
Such an assurance is a must in considering fisheries
development which required costly fish processing and
hish volume production plants as indicated by the theme

of this Conference.
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Table 1.--Percent occurrence of each family within the sampling area by
seaszon and depth

0-19 Fathoms

20-19 Tathoms

Fami ly Spring Summer Fall Spring Summer Fall
Ariidae 76.6 52.1 53.0 1.8 0.8 2.9
Trichiuridae 52.8 25.6 32.0 5.1 61.2 32.1
Stromateidae 30.8 20.4 16.7 3L.5 35.9 39.3
Sparidae 0.4 39.8 16.7 63.0 5.1 64.8
Sciaenidae 97.7 £3.5 80.5 87.3 1.9 87.2
Crogker¥ 76.0 L2.8 77.1 8.1 65.1 8h4.0
Trout* 83.3 3%.8 62.1 70.5 L3.2 62.8
Spot#* 49.9 13.3 42.0 36.4 1.2 £8.8
Bothidae 6ly.6 u7.2 55.8 71.3 71.1 65.5
Triglidae 65.7 L8.1 53.4 8L.5 67.5 k.9
Synodontidae 27.4 3h.1 37.9 67.7 6L.5 62.1
Clupeidae 34.1 2l.1 3l.2 9.2 10.2 8.7
Engraulidae 55.0 15.0 29.4 7.1 7.7 2.1
Carangidae 26.3 64.5 g5.5 9.5 65.5 44,8
Sharks 7.3 8.4 10.3 9.7 .2 16.0
Lutjanidae 0.1 1.6 18.0 35.0 33.5 L9.4

Species of Sciaenidae
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SALT-MINCED COD: MICROBIAL CONSIDERATIONS

John A. Koburger
Food Science Depariment
University of Florida

Gainesville 32611

and
Lloyd W. Regier
Technology Branch, Fisheries and Marine Service
Environmental Canada
Halifax, Nova Scotia
Introduction

With the development of meat-bone separators, a method for the
increased recovery of flesh from fish wastes and underutilized species
has become available (DeValle and Gonzalez-Inigo, 1968). During the
processing of fish, such as cod, the fish is filleted, which only re-
moves about 50% of the edible flesh, leaving behind material which is
channeled into products not directly used as human food. If it were
possible to recover the additional flesh and formulate acceptable
products which were inexpensive and stable to storage at ambient
temperatures, much more relatively inexpensive protein would become
available with benefits for both fishermen and consumer.

Of all the methods available for preserving fishery products, the
combination of salting and drying is one of the most inexpensive and
simple procedures. The technical feasibility of quick salting minced
fish had been earlier established {Anderson and Mendelsohn, 1972;

DeValle and Gonzalez-Inigo, 1968), however, little information is

available describing the microbial parameters of this product. The

Florida Agricultural Experiment Stations Journal Series No. .
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present study was undertaken to determine some of the quantitative as-
pects of the microbiology of the product. This was believed necessary
in that the most logical starting material would be fish frames; i.e.,
the filleted, beheaded and gutted fish, which by virtue of previous

handling would be of unpredictable microbial quality.

Materials and Methods

Beheaded and gutted cod and cod frames (filleted, beheaded and
gutted) were obtained from a fish processing plant in the Halifax,
Nova Scotia area. Minced flesh was prepared by passing the raw
material through a Bibun meat-bone separator with 5 mm drum holes.
The minced flesh was then mixed with 35% by weight of fine grain salt
in a Hobart mixer for 1.5 to 2.0 hours. Following the mixing period
the excess brine was removed by passing the wet salted product
through a Bibun meat strainer with 1.6 mm holes which separated the
brine and salted fish cake. Samples were removed for microbioclogical
analyses during preparation as well as after 7 and 28 days of storage

®) bags.

at 35 C. Samples for storage studies were held in Whirlpak
For microbioclogical analyses duplicate 50 gram samples were
weighed directly into blender jars and brought up to 500 grams using

either sterile phosphate buffer or 20% sodium chloride sclution.

The samples were then mixed at 8000 rpm for 1.5 minutes. The first

dilution was made by weighing the mixture directly into a dilution
bottle because of the large amount of foam which formed during blend-
ing. Subsequent dilutions were by volume.

For determination of total count, the samples were plated in

duplicate from the phosphate buffer dilutions using Plate Count Agar
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(Difco) with 0.5% salt added and incubated at 20 C for 5 days.
Halophilic counts were made from 20% salt dilution blanks by plat-
ing 0.2 ml aliquots in duplicate directly uypon previocusly prepared
plates of Plate Count Agar with 157 salt added and onto plates of the
Milk-Salt Agar of Dussault and Lachance (1952). TIncubation for the

halophilic counts was at 35 C for 10 days.

Results and Discussion

Table 1 gives the composition of the minced flesh and the salt-
ed mince cake. The mince composition is typical for a product of
this type. However, with the salt mince, much of the water loss
that occurs during processing is replaced by the added salt and it
is this addition which is desired for microbial stability. The
data from Table 2 clearly indicates that cod frames are heavily
contaminated as compared to cod which are merely beheaded and gut-
ted. The counts for the three experiments using the frames average
much higher than those using the whole cod and could reflect the
effects of long periods of iced storage and added contamination dur-
ing processing.

Regardless of the initial count, once the salt is added and a
period of equilibration takes place, there is a marked reductiomn in
microorganisms. The brine surrounding the mince is saturated and
destroys many of the organisms present as well as injuring a por-
tion of the remaining ones. That the salt mince enviromment is not
hospitable can be seen in the rapid loss of viable organisms that
takes place during storage for even a week. The numbers of halo-
philic organisms (about 1000/g) followed a similar pattern and

were never observed to increase during storage by either of the two
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methods of enumeration. In addition, there was no indication that

the red halophilic bacteria were present in any of the samples analyzed.
This was not unexpected in that the chief source of these organisms ié
known to be the solar salt used in the manufacture of salted fish
(Klaveren and Legendre, 1965) as well as plant contamination during
manufacture., The salt used in this study was a fine grade of mined
salt to ensure rapid dissolution and equilibration with the flesh.

The data in Table 3 outlining the material balance show that
the yield of salt mince from cod frames was about 30%. Estimating
that there are 450 million pounds of cod harvested each year in
Atlantic Canada, it would be possible to produce 34 million pounds of
salt mince a vear from the frames. There iIs a relatively stable de-
mand for salt fish (Mendelsohn, 1975), and the mince procedure would
appear to be a good means of recovering additional protein to help
meet the world's food needs.

The production of salt mince is quite rapid. While an equil-
ibration period of two hours was used in this study, it is expected
that a shorter time could be possible because of the small size of
flesh particles. This is in sharp contrast to the production of
traditional salt fish, which requires about 30 days for manufacture
{Klaveren and Legendre, 1965).

The data presented here defines some of the microbial parameters
of immediate concern. The problem of spoilage by red halophilice
bacteria (Dussault and Lachance, 1952) during extended storage and
the effect of available techmology to control this spoilage need to

be investigated to assure the potential of salt mince fish.
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ABSTRACT

Salt-minced cod was prepared from flesh obtained by mechan-
ically deboning beheaded and gutted cod as well as cod frames
(beheaded, gutted and filleted). The minced flesh was mixed with
35% salt, blended for two hours and then passed through a strainer
to obtain a moist cake.

Total counts of the salted product were a reflection of the
microbial load of the fresh mince. Regardless of the initial
microbial count, there was approximately a ten—fold reduction in
viable organisms following the period of salting and equilibratiom.
During storage of the salt cake at 35 C, the number of viable
microorganisms further decreased umntil they were no longer re-
covered, usually within 30 days. Additionally, studies of the
salt tolerant organisms in the product showed that they were simi-

larly reduced during storage.
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Table 1. Composition of Cod Mince and Salted Mince

Prepared from Cod Frames.

Mince Salt Mince

% 4
Moisture 83.0 48.0
Solids 17.0 52.0
Ash 0.9 27.0
Protein 16.1 25.0
Fat 0.8 0.6
Bone 0.5 0.4
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Table 2. Microbial Profile of Salt—Mince Production.

(average of three studies)

Sample Beheaded Cod Cod Frames
org/g

Mince 1,300,000 3,900,000
Salted mince 160,000 820,000
Wet cake 170,000 800,000
Brine 110,000 600,000
Wet cake

1 week 500 460

1 month < 10 < 10
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Table 3. Material Balance for Production of Salt-

Mince from Cod Frames.

Pounds
Frames 100
Mince 68
Mince and salt 92
Brine 61
Salt-mince cake 31
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ABSTRACT

YIELD AND QUALITY OF MECHANICALLY SEPARATED FLESH

FROM SEVERAL SPECIES OF CULTURED FRESHWATER FISH

Richard T. Lovell and Kathrine Apolinario

Department of Fisheries and Allied Aquacultures
Auburn University, Auburn, Alabama 36830

Buffalo fish (Ictiobus cyprinellus), Tilapia aurea, and chan-

nel catfish (Ictalurus punctatus) grown in fish culture ponds were

mechanically deboned on a Bibum Model HM-15 separator. All fish
were headed, gutted, washed and dark pigments were removed from
the skin of catfish and from the abdominal wall of tilapia before
deboning. A 7-mm diameter hole size in the extrusion drum provided
for satisfactory separation of skin, scales and bone and vielded
relatively coarse textured flesh. Yields of.separated flesh, as
percentages of whole fish, were 50.5 for buffalo fish, 39.7 for
tilapia, and 43.7 for catfish,

Percentages of calcium in the minced flesh for all species
were below 0.1%. Bone and scale contents were 0.16% for tilapia,
0.09% for catfish, and .07% for buffalo fish. Whiteness values
measured by a color difference meter (Hunter-Lab values for white =
100, dark ~ 0) were 52 for ocean perch (control), 49 for catfish,

46 for tilapia, and 42 for buffale fish.
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Total aerobic mesophilic bacteria counts per g of deboned
flesh from fresh fish ranged from 103 to 10%. Neither scaling nor
washing in 50 ppm chlorine before deboning significantly improved
bacterial quality of flesh from fish processed immediately after
harvesting. However, prior scaling and the chlorine rimse signi-
ficantly reduced bacteria counts in flesh from fish ice-stored for

11-13 days prior to processing.
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YIELD AND QUALITY OF MECHANICALLY SEPARATED FLESH FROM

SEVERAL SPECIES OF CULTURED FRESHWATER FISH

Richard T. Lovell and Kathrine Apolinario

Department of Fisheries and Allied Aquacultures
Auburn University, Auburn, AL 36830

Introduction

Channel catfish (Ictalurus punctatug) is the only farmed

warm-water food fish in the United States that has extensive
market value., However, several other species of fish can be
grown in ponds with channel catfish without affecting catfish
yield, or in fact, possibly increasing catfish yield. This cul=
ture method, where two or more species of fish with different
feeding habits are grown simultaneously to more efficiently
utilize all of the nutrients available in the pond, is known as
polyculture and has been practiced in many parts of the world for
years.,

Marketability of the secondary species from catfish culture
in the United States is poor, primarily because of their boniness
or the unfavorable opinion that consumers have of them as food
fish. By separating the flesh from the bonmes and utilizing the
minced flesh in consumer-type fish products, the marketability of
these secondary species may possibly be improved. Also, boneless

catfish flesh may have applications for creating new markets for
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this species.

Several commercial types of machines that efficiently
separate edible flesh from skin and bones have allowed formerly
vnused sources of fish musecle to be utilized in various types of
fabricated fish products (Patashmik et al., 1974).

Polyculture research studies at Auburn University have demon-
strated that such species as tilapia, buffalofish, and some of the
Chinese carps can be grown in catfish ponds without a substantial
sacrifice in catfish yield but with increases in total fish pro~
duction of up to 50 per cent. Two species of fish that are pre-
sently grown commercially in combination with channel catfish are
tilapia and buffalofish.

The present study was initiated to evaluate the yield and
quality of fish separated from hybrid buffalofish (Ictiobus

cyprinellus x Ictiobus niger), tilapia (Tilapia aurea), and channel

catfish (Ictalurus punctatus) with a Bibun bone separator, using

various pre-process treatments. Also, various consumer—-type pro-
ducts were developed and evaluated from the minced flesh from

these species.

Materials and Methods

Scurces of Fish

Buffalofish averaging 4.4 lbs. were obtained from intensively-
fed catfish ponds at draining in October, 1975, and held in cages
suspended in water for 5 days until slaughtered.

The tilapia averaged 0.5 to 0.75 1lbs. and were taken from

intensively-fed catfish ponds. Some were processed on the bone
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separator immediately and some were packed in ice without removal
of heads, scales or viscera, for 13 days storage.

The channel catfish averaged approximately 1.0 1b. and were
taken from intensively-fed culture ponds upon draining. They were

held in cages until slaughtered.

Pre-Processing Treatments

Buffalofish were processed on the separator, either fresh or
after 11 days storage in ice. 1In each group, one~half of the fish
were headed, gutted, and scaled and one-half of them were only
headed and gutted.

Prior to deboning, one-half of the scaled fish was washed
with municipal tap water and one-~half was washed first in tap water,
then in 50 ppm chlorine solution, and again in tap water, The
unscaled fish were also divided into two lots and given the same
two pre-process wash treatments. The fish were washed in flowing
tap water, dipped in 50 ppm chlorine solution for 1 minute, and
rinsed with flowing tap water.

Tilapia were processed on the Bibun separator, either fresh
or after 13 days storage in ice. The two pre-processing wash
treatments described for the buffalofish were applied to both
scaled and unscaled tilapia prior to deboning. The peritoneal
cavities of the tilapia were brushed to remove the dark peritoneal
lining before the fish were washed.

Before deboning, the dark pigment on the skin of channel
catfish was removed to prevent discoloration of the processed
flesh. Several treatwents, involving heated NaOH solutions (140,

150, 155, and 160°F) for various times (0.5 to 5 minutes), were
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evaluated for removing the pigment from the skin of catfish. The
most suitable treatment was a solution of 5% NaOH at 155°F for 0.5
minutes. After heading and eviscerating, the fish were dipped
into the solution, then scrubbed with a brush. Fresh channel cat-
fish weighing approximately 1.0 lb. were headed and eviscerated,
and after the pigment was removed, the fish were washed in tap

water and processed on the bone separator.

Mechanical Separation of Flesh from Bones and Scales

Flesh was separated from skin, bones, and scales as the fish
were passed between a flexible belt and a rotating perforated drum.
The flesh was pressed through the preforations i