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Development of Seafood Patties Utilizing
Mechanically Separated Fish Tissue

The c!evelopment of' flesh-separati>ig machines cviis ii m:ij<>r techn<>1<>gical
advi<ncement for the seaf'ood indust>v  Xfivauchi and Stvinbvrg, 1970!. These
machines permit the recoverv nf fish muscle tissue which was previouslv
used for inecliblc' purl>oses. The mcclianicaf recovc'» ancf use of fish flesh
fi<>m processing xvastes and iinderutilized species not only i<icreasvs the
avaifaErility of more eclil>lv protein biit c;an boost tE>e income f'rom the fishiiig
indust>y  Ca>vvr and Kirig, 1971 and King and Caiver, 1972!.

Noble �972! st;ited that f<n veaixs manual processing discarded large
quantities of high qiiality f'ish tiss<ic <Eue to prochictive haste. Flesh-separating
machines can provide significant qiiantities of edible flesh from heretofore
defined wastes ancl trimming from fish filleting <ind crustacea processing
operations  Xf iyauchi I<ncf Steinlx rg, 1970!.

Steinberg �972! st itvd that thc cise of mechanically rec<>vervd minced
fish flesh offers the following a<fvant«ges: �! better use of the resource bv
increased yields, �! the use of >nor<' species, �! red<>ction of wastes, �!
greater flexibility in methods <>f processing iuid �! expanding and developing
new markets hy offc>ing th<. consumer a vaiictv of products a>id piices. The
potential for increased yields and lowe r <x>sts represents a maj<>r stef> toward
the total utilization of fishery resources.

The development of mechanical systems f<>r separatiiig m<iscle tissue f'rom
the bone, skin and fins of fish has made possible a substaiitial quiintity of
high quality, minced, fish muscle tissue, ~<%hen such brciikthroughs occiir,
many problems arise which require extensive research and development, En
the case c>f mince<1 fish tissue, further research and development are needed
on such fact<>v as prod<>et characterization, stability, utilization and distribu-
tion logistics. Although the Japanese have been utilizing minced fish tissue
for an extended period of time, their methods cannot necessarily be appliecl
in the United States,md m<»e specif'icallv to North Carolina.

NortE< Americ;in EialiE>ut fishermen noted a 91% yield increase in muscle
tissue by usiiig a m«chanical f>sf> flesli-separating machine to re<x>ver wasted
flesh from the processiiig operations  Nol>le, 1972!. 1diyauchi and Steinberg
�970! reported that the total yivld of f>sh flesh processed by mechanical
sepili"ltfon ranged from 36-6�', whereas the yield of flesh using conventional
filleting techniques ranged from 25-30%, According t<> Crawford «t al. �972!,
mechanicalfy separated fish yielded a 34.3-101.9V increase in edil>le flesh
over hand filleting techniques. En addition to increased vield, Steinberg



�972! st<it«<I that me<haiiical flesh separation permits the blending nf'various
fish«iv sp<cies for improvement in product flavor and texhire. It also allows
the»pp»rtuiiitv t<> alter and stabilize the product thr<nigh the use of additives
sucI> as a»tk>xidants a»d artificial favors, Since mechanicailv separated fish
fl«sh is in a comminuted f»rm, it can casilv be >ised fnr preparing such items
;is canned fish, frankfurte>x and fish cakes  Carver and King, 1971!,

The shelf' lif'c of mechanicallv sepiirated minced hsh bl<>cks is extremely
imp»rtant. Teeny imd Xtiyauchi �972! found that fish bl<>cks prepared fr»in
mine<xi Pacific coast rncki'ish, Seb«st<or Irr<'eisi>i»is  Bean! and S. flaei<l«s
 Ayrcs!, had a shelf life in excess of'9 mnntlis at 0 F, based on fl;ivor iu>d
t«xturc cvaluati<>ns. Raw breaded fish sticks prepared from th<s<. frozen
blocks had ii shelf life of 2-6 m»nths when stored at O' F.

Prcsentlv, there is iiiterest in thc convenience and mark«tability of mariiic
products developed fr<>m minced fish t>ssue. Fish p;itties ar« i type <>f
product which provides enny«nie»ce, easy marketability and ii practical wav
tn use fish which might nnt ntherw>se be iitilizcd. I!ue to th< increasing need
for high p>r>tein foods ai>d the limited typ< s of products now being made
from minced fish, iniicli research is iie«dc<i to stimulite the development of
new and dif'ferent products.

Our F<>nd Scie»ce I;>b»>r>t<»> lies b<~n working on problems associated
with the pr<>cessi»g imd «tilizati»» of mechanically separated fish tissues
for sever,>1 years. i%i»eh nf th» rese irch has involved th< determinahon of
fuiictiniiiil prnperti<>s <>f rnirlcccI tissue from various species and pincessing
systems  Ivey, 1969; %'<'bb et «I 1970; Hardy, 1973 and webb, 1974!. This
work has beeii <lire«t«. 1 toward the development of basic data on minced
fish tissue from va>i<>us species pr»ccssed bv specifi methods in order to
m»re rrsidily assist i» th» dcv«l»pment of new pr<>ducts. In addition, work
hiis hee» cnndiict«<l on the development of ness consumer products to
demniistriite pro<luct development concepts for the processor to apply in the
iitil izatinn of minc<xI fish tissue  stiller 1974!.

Iii ii rece»t study by the Nati<>nal lfari»c Fisheries Service, a substantial
p< re«>it of food se>vice establishments indicated an interest in breaded fish
<ak«s prepared from miiiccd fish tissue  XI»reland, 1974!. II»svever, this
study indicated that thc texture of the lish cakes was nnt desi»>hie and
refnrrnulati<>n was recommended. It appears that the minced fish tissue must
be <x>mbined with other ing>xdie»ts which will i>»prove the texture of the
finished products. Als<>, it is important tn maintain a high level »f fish tissue
in the finished product by the addition of' >natenals such as Raked fish, while
reducing or eliminating surface hre>dii>g. The fast food service husi»ess hrxs
the facilities for preparing and serviiig breaded <>r unbreadcd patties which
can be cooked directly f>r>m the froze» st,>te. I» most fond service establish-
ments, fish patties offer the potential nf being;ui economical replacement for
intact hsh muscle presentlv s»ld i<s fish sa»dwiches or fish sticks whil«
maintaining a high level of protein with short preparation a»d serving time.

The objective of' thi» research was t» d«vclnp a frozen seafood patty fr<>m
mechanicallv separatixl fish mus<le tissi>e, crabm«at;ind pr<~cooked iuid
flaked fish wlii<h cniild be rapi<flv c<x>ked for the f >st fond se>vice industry.

Il. Patty Formula Development � Effect of Species ancl
Method of Muscle Tissue Preparation

Materials and Methods

F<nir experimental formulae were prepared, as shown in Table 1, usiug
various combinati<>ns <>f crabmeat  C«i i »cetus a<<I>i<fur!, fish, water and other
ingredieiits. Fresh, raw summer Rounder  Par<<lichthys dent«tus!, 0'eakfish
 Cynnrci<>n reg<dis!, Atlantic croaker  Micro!>ogo» un<lul«tus!, spot  Ln'ost<>-
mus x«ntl>urus! and pigfish  Ortl>ol>ristes chrysol>ter<<! were me<'hanicallv
separated using a Yanagiya "Ne»Press" mini-fish separator �.50 mm extru-
sion holes!. In iiddition, fresh spot and Hounder were steamed whole �5
mi». at 212'F! and the meat flaked, free of skin and bone and used in the
formula t» obtain disti»ct particles for determining the effect upon textural
pioperties. Special  body meat! pasteurized crabmeat was used.

The patties werc prepared by mixing the mech,mically separated fish
tissue, NaCI iind wat«r th»rniighiy � >ni., 4'C! in a Hnbart mixer-grinder,
The seasonings, phosphate and sny fin»r were added and mixed with the
subsequent addition of hydrogenated vegetable nil. After mixing to an
emulsion consistency, the criibmcat, and the flaked fish~us re<luired bv the
formula � were added and mixed slowly until disp rr«d throughout the mix-

Table I, Fish and crabrneat patty formulations.

Ingredients

9.3 9.25.0 9,1
23.0

23.0

75.0
70. i

44.6
7.64.7 5.0 6.0

9.3 9.19.210.3

0.30.3 0.30.3

1.8
4.5

1.8
4.5

'I.B
4.5 4.5

' m.s. = »>echa»i<.<>llr pep<>ra«.'d, <> and f = steamed and flaked.
> co<>sieting or x.s0% Nacl, 1.<<>% dextrose, 0.46% muata><> flour. O.s<>% old B>>>< se»fo<>«

seasoning <B«><>more spice cu., Baltimore, Md.> an<> .Os~a manoso<ii<>m <<>>>tama e.

Crabmeat
Flounder, m.s.'
Weakfish, m.s.
Croaker and spot
mixture, m.s.
Pigfish, m.s.
Spot, s. and f'
Flounder, s and f
Water
Hydrog enated vegetable
oil  Crisco!
Phosphate  Calgon
No. G 31077!
Soy flour  Central
Sny, Pron>osoy 100!
Seafood seasoning'

Formula I FOrrnula 2 Formula 3 Formula 4
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Formula 2Ingredients Fornwfa 1

Crabrnea, special
Weakfish, m,s.'
Spot, m.s.
Spot, s and f'
Water
Hydrogenated vegetable oil  Crlsco!
Phosphate  Calgon No. G31077!
Soy flour  Central Soy, Pro<nosoy 100!
Seafood seasoning r

9.3
23,3
46.6

5.1
9.3
0,2
1.8
4.6

92
23.3

46.6
5.1
9.3
0.2
1.0
4.6

Panel Scores'

Formula Appearance Aroma Texture F Ia ver

6.63
5,28
6.43
8.20

7.00
6.33
7.63
8.00

7,10
5.28
7.43
8.30

6,63
6.14
7,50
7.50

ture. Patties were prepared using a hand-operated patty former, dipped in a
glazing solution �.5% citric acid, 0.5% lemon marinade' and 99.0% water!,
packed and frozen at � 25'F until evaluated, Trials 1, 2 and 3 were evalu-
ated alter 2 days frozen storage, whereas Trial 4 was evaluated after 47 days
frozen storage.

The patties were prepared for evaluation by ce<iki<ig in ali electric fry paii
�50'F! and rated for appearance, anima, texture and falvor on a hedonic
scale  9 = like extremely; 1 = dislike extremely! by a 6-member pa<iel.

The results of the panel evaluations for appearance, amma, texture a<id
flavor for the patties prepared fr<>m each of the four formulae are shown in
Table 2. The patties were rated rekitively high nn the hedonic scale, except
for Formula 2. The formulae rated in acceptitnce according to the following
descending order: 4, 3, 1 and 2, The formulae  Vos. 1 and 2! tvhich con-
tained a high proportion of mechanically separated tissue were found t<> be
less desirable, regardless of species differences. Abo, a reducti<in in crabmeat
in Formula 2 as compared to Formula 1 indi<.ated that the modification con-
tributed to a reduction in the quality of the patties, However, this could not
be definitely established due to diflerences in specie. The use of steamed
and flaked fish tissue was of significant benefit in improving the textural
properties of patties which contained relatively high amounts of mechanically
6 eparated tissue.

lt is evident that the flounder used in Formula 4 resulted in an excep-
tionally high quality patty even after 47 days frozen storage, Thus, if flounder
were available at an economical cost it would be the best choice. However,
it was evident that a combination of crabmeat, mechanically separated weak-
fish and steamed and flaked spot gave a highly acceptable product. There-
fore, it would appear that several species could be used for this type of
product provided that the level of mechanicaliy separated tissue is kept
relatively low  less than 50%!.

Table 2. Panel sensory evaluation scores for various fish patty
formulations.

a Nine-point hedonic scale; where 9 Dislike Extremely and i ~ Dislike Extremely.

i Lenmn marinade was supplied by Foots and Jenks. Inc.. Jackson, Mich.

III. Evaluation of the Quality aud Storage Stability
of Seafood Patties

Ttvo patty formulations which incorporated crabmeat anrl two kinds of
fish  weakfiish and spot! were prepared as shown in Table 3. Special, pas-
teurized crabmeat was used. The weakfish was mechanically separated,
block frozen �ls months at � 25'C!, thawed, ground and used in the
formulations. The spot used in Formula 1 was fresh dressed and steam
cooked �5 min. at 212 F!, chilled and the meat flaked free of skin and
bor<ts. The spot used in Formula 2 was mechanically separated, frozen and
stored at � 25 C f'o r one week. Prior to using in the formula, the minced
tissue was thawed and steam cooked, as described in Formula 1. All other
ingredients were identical for the two forlnulae.

On the basis of the results of the four formulations developed in Section 11,
experiemental formulae were developed to more precisely determine the
attributes of mechanically separated tissue, Since Formula 3, Section 11,
received a relatively high rating for all quality attributes, it was used as a
basis for the development of the formulae in this experiment. Flounder was
not used due to the market value being high. The crabmeat and mechanicafly
separated  m.s.! weakfish were used at essentially the same level as that of
Formula 3, Section ll. Spot was used to determine the effect of a high level
�9,9%! as compared to a low level �3.3%! of mechanically separated fish
tissue. Steamed and flaked spot replaced mechanically separated spot in
Formula 2,

The patties were prepared by mixing the mechanically separated tissue
 mintM!, NaCI and water thoroughly using a Hobart mixer. The seasonings,
MSG, phosphate and soy Hour were added and blended thoroughly with the
subsequent addition of the vegetable fat and mixing continued to obtain a

Table 3. Fish and crabmeat patty formulations.

< ra.s. Mechanically separated: s and r = steamed and naked.
s Consistinaof 2.20% NaCl, L40% dextrose.0.60% mustard sour,0.80% Old Bay Searood Season-

<nit and 0.<% monosodium <<lutamate.



uptake ot Dip,Treatment'

4.54
8,27
5.02A B C DTreatment A:

'Formulae 1 aod 2 eom>dned.

Treatlnent B;

Storage
Time,
oaya

Formula'Formula 1

A el

25.0 26.25
222 18.00
27.2 17 30

18.8 27.2 23.7
17.6 22.1 17.2
12.3 27.0

29.6 17.8 20.1
24.2 8.8 23.0
23.4 2.8 20.0

3
30
45

Results and Discussion

unifo>m consistency, The crabmeat and flaked spot  Formula 1! were added
last with slow mixing for a short time in order to uniformly distribute the
large particles without disintegration. The patties were formed by uss>g a
h>u><E opelated mold and divided randomly into four lots for subsequent
treatment <s in<heated below:

Patties were wrapped in freezer paper and frozen raw at
� 25'F. After 24 hrs. they were unwrapped, glazed, re-
wrapped and returned to the freezer. The glazing solution
consisted of 0.5% citric acid, 0.5% lemon marinade and
99.0% water dts stated in Section 11,

Patties were cooked in an electric fry pan at 350 F for 6
minutes, wrapped and frozen at 25'F. After 24 hrs. they
were unwrapped, glazed as in Treatment A, rewrapped and
returned to the f'reezer.

Treatment C: Patties were glazed pri<>r to freezing as in Treatment A,
wrapped and frozen raw at � 25 F.

Treatment D: Patties were frozen raw at � 25'F.

Patties from each treatment were evaluated after 3, 30 and 45 days frozen
storage for rancidity by the thiobarbutic acid  TBA! test  Tarladgis <t «l.,
1960! <u>d for appear.mce, texture, aroma and flavor on a hedonic scale
 9 = like extremely; 1 = dislike extremely! by a 6-member panel. Patties
from Treatments A, C and D were cooked in an electric fry pan at 350'F,
and th<>se from Treatment B were heated in an oven �50'F! for panel
evaluation. Thc percent cook yield was calculated by differences in tveight.

The percentages retained of the glazing solution for Treatments A, B and
C are shown in Table 4. Treatment B, which was cooked, fn>zen and
glazed, had the highest retention followed bv Treatment C  glazed prior to
freezing!, mth Treatment A  frozen and then glazed! retaining the least.
The glaze was used on the basis that it xvould prevent dehydration and
reduce oxidation of the fr<>zen patties.

The cooking loss for each of the treatments and freezer storage times are
shown in Table 5. In general, the cooking loss decreased substantiallv be-
tween 3 and 30 days storage time E>«t was highly variable thereaAer. There
was little difference in c<>oking 1<>ss between the patties of F<>rmulae 1 and 2
for Treatment A, However, the cooking loss was substantially lower for
Formula 1 th<tn Formula 2 pattie for all other treatments which was ex-
plained by differences in the amount of mechanically separated tissue. The
glazing treatment result<xi in higher cooking losses except for the patties
>x hich were proc'>oked.

The results of the p;lnel evaluations for the patties prepared E>y the two
formulae and various treatments are presented in Tables 6, 7, 8 and 9. The

Tabie 4. Percentage retention of glaze for patties receiving
various treatments.

Table 5. Percentage lost during cooking for Formulae 1 and 2
patties receiving various treatments

C O A e< C O

> These values are for rook loss upon reheating of the pre-rooked produot.

results are based upon a relatively small panel � member! consisting of'
technical personnel of the seafood research laboratory at N. C, State Univer-
sity, However, the panel memfmrs were trained to detect small difFerences
in flavor, texture, appearance and aroma attributes. Thus, it was our con-
clusion that the results kvere of significant value in the assessment of the
relative quality ratings for the patties receiving the various treatments as
well as overall acceptability for each attribute.

The ratings for appearance  Table 6! indicated that the patties prepared
by Formula 1 were slightly higher than those for Formula 2, initiallv and
throughout storage, regardless of the method of treatment. The patties which
were frozen raw and subsequently glazed  Treatments A and C! were rated
slightly higher for appearance than those which were pre-cooked and sub-
sequentlv glazed  Treatment B! or those which received no glaze  Treat-
ment D!.

The rating for texture  Table 7!, with minor exceptions, indicated that
patties prepared by Formula 1 were superior to those prepared by Formula
2. 1t was believed that the exceptions  Treatment A, at 3 and 45 days and
Treatment B, initially! were due to variations within sampling units. The
patties receiving the application of a glazing solution, either prior to or after
freezing,  Treatments C and A! were rated approximately the same in tex-
ture, with pre-cooking  Treatment B! and no glazing  Treatment D! being
rated slightly lower. However, when the values for Treatment D are corn-



Mean and Std. Dav.tStorage

Time, days

Forlnula' Tr calmantFormula1 Treat!nant Storage
Time, Days

Mean and Std. Dev.'

7.00 h 0.33
6.71 + 0.90
B.BB + 1.63

3
30
45

3
30
45

6.25 + 1.25
7.43 + 0.49
7.14 + 0.73

4.60 2 0.94
6.83 + 0.72
7.34 ~ 1,22

3
30
45

3
30
45

5,67 + 1.11
7.67 s 0.44
8.67 + 0.72

7.50 A 0.50
7.28 ~ 0.92
7.50 + 0.67

3
30
45

3
30
45

8.25 + 1.38
7,59 2 0.49
7.00 + 0.57

7.76 ~ 0.78
7.00 + 0.87
7.14 + 0.73

3
30
45

3
30
45

6.75 i- 0.75
7,43 ~ 0.65
7.00 + 0.57

D

6,58 + 0.77
7.59 + 0.71
7.14 + 0.73

3
30
45

3
30
45

6.00 + 0.86
6.58 + 1.18
6.87 + 0.44

6. 72 * 0. 69
6.28 e 0.48

3
30
45

5,88 + 0,89
6.43 + 0,62

3
30
45

6.63 ~ 0.69
7.71 N 0.61
7.00 > 0.57

3
30
45

3
30
45

S.BS + 0.78
700 + 0,28
6.71 + 0.41

C

5.63 e. 1.47
7.50 + 0.80
8.87 + 0.87

3
30
45

3
30
45

5.71 + 1.04
6.87 e 0.49
6.43 + 0.89

10

Table 6. The effect of formulation, glazing application and stor-
age time on the appearance of seafood patties.

> Formula 1: Crahmeat  9.3%!, tnechanically separated weaklish �8.$%! and naked spot
�6.6% !.

Formula 2; Crabmeat  9.$%!, mechanically separated weaknsh �3,3% ! and mechanically
separated spot �6.6% !.

s Evaluated on a hedonic scale  9 w like extremely to 1 = dislike extremely!.

pared with those for Treatment A it was concluded that the application of a
glaze had no significant efFect upon texture.

In general, the ratings for aroma  Table 8! show very little difference
between formulae, except that the ratings for Treatment A were higher at
all storage times for Formula l than Formula 2. Also, the ratings for
Treatment A for Formula 1 were the highest of any of the treatments for all
storage times, Thus, it would appear that Formula 1, Treatment A patties

Table 7. The effect of formulation, glazing application and stor-
age time on the texture of seafood patties.

i Formula 1; Crabmcat  9.$% !, mechanically separated weakfish �8.8% ! and flaked spot
�6,6% !,

Fornmla 2; Crahmeat  9.8%!, mechanically separated weakash �8.8%! and mechanically
separated spot �6.6% !.

r Evaluated on a hedonic scale  9 = like extrcme!y to 1 = dislike extremely!.

indicated the best combinations for appearance, texture and aroma. However,
the flavor ratings  Table 9! indicated a different pattern than the other
attributes, On the basis of the ratings for flavor it would appear that the
type of treatment had a substantial effect upon the type of formulation. For
Formula I, Treatment C was consistently the best throughout storage, How-
ever, Treatment D was found to retain a high flavor rating throughout
storage for both Formula l and 2. Also, Treatlnents A and C were rated



Formula' Mean and Std. Der.sTreatment Storage
Time, days

Formula' Mean and Std. Der.tTreatment Storage
Time, days

7.28 + 0.61
7.28 x 0.62
5.83 + 1.50

3
30
45

7.17 + 0.83
7.43 + 0.82
8.00 + 0.33

3
30
45

6.50 * 1.00
7.28 > 0.41
6.33 ~ 0,67

3
30
45

6.25 + 1.25
7.00 + 0.86
7.l7 + 0.28

3
30
45

7.43 w 0.63
7.43 X 0.49
7.50 + 0.50

3
30
45

6.60 + 1.28
7.14 + 0.73
7.67 + 0.44

3
30
45

7.43 + 0.65
7.14 * 0.49
7.60 + 0.40

3
30
45

6.50 + 1.30
7.00 + 0.86
7.67 + 0.44

3
30
45

D

7.00 + 0.57
7.59 + 0.57
7.00 + 0.25

3
30
45

6.12 + 0.85
7.14 w 0.73
6.85 ~ 0.60

3
30
45

7.00 + 0.28
6.66 < 0.53

3
30
45

6,25 ~ 0,$2
7,00 + 0.57

3
30
45

7. l7 + 0.83
7.43 X 1.06
7.00 + 0.57

3
30
45

7.00 + 0.50
7.14 + 0.73
6.83 + 0.63

3
30
45

5.43 ~ 1.79
7.33 + 0.44
7.00 + 0.75

3
30
45

6.86 + 0.78
7.14 + 0.73
6.72 +' 0.81

3
30
45

DD

12

Table 8. The effect of formulation, glazing application and stor-
age time on the aroma of seafood patties.

' Formula 1: Crabmeat  9.3% !, mechanically separated weakhsh 123.3% ! and flaked spot
�6.6% ! ~

Formula 2; Crabrneat  9,3%!. mechanically separated weakhsh �3.3%! and mechanically
separated spot �6,6% !.

t Evaluated on a hedonic scale  9 = like extremely to 1 = dislike extremely!.

quite high alter 30 and 45 days storage. When both formulae are considered,
Treatment C was found to be the best method for maintaiiiing a good flavor
at tribute.

It was of significant importance that the results of the panel evaluations
showed relatively high nitings for all treatments and storage times. When all
treatments were cx!mbined, there were no significant di8'erences between
the two formulae. Iiowever, the patties receiving Treatment 0, which did

Table 9. The effect of formulation, glazing application and stor-
age time on the flavor of seafood patties.

' Formu!a 1: Crabmeat  9,3%!, mechanical!y separated weakfish �3.3%! and flaked spot
�B.6% !.

Formula 2: Crabmsat.  9.3%!, mechanically separated weakfish �3.3%! and mechanically
separated spot �6.B% ! .

x Evaluated on a hedonic scale  9 = like extremeiy to 1 = dislike extremely!.

not have a surface glazing treatment, indicated a slightly higher rating for
Formula I for all attributes after 45 days storage. This would suggest that
the increased amount of raw, minced tissue contributed to a slight reduction
in quality. DiHerences in quality were not detected for the two formulae
among the other three treatments.

In general, the ratirigs by the panel indicated that a combination of weak-
fish, spot and crabmeat for the preparation of frozen unbreaded patties pro-
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duced a very satisfactory product up to 45 days storage. The use of a surface
glaze was found to be of'substantial value in maintaining stability of the
quality attributes during frozen storage. There was very little difference
between the tw» methods of applying the surf<ace glaze  Treatment A, appli-
cation after initial freezing or Treatment C, application prior to freezing!.
However, pre-cooking with subsequent glazing  Treatment B! resulted in a
reduction in quality of the frozen patties, lt should be noted thi<t the patties
which did not have a surface glaze  Treatment D! >eceived relatively accept-
able ratings on the hedonic scale. Therefore, it rra<y be possible to incoiporate
citric acid and lemon extractives in the initial formulations to attain an
excellent pr<>duct and thereby omit the process of surface glazing.

The TBA results for patties prepared by Fotmul,i 1 are presented in
Figure 1. The absorbance  mu! for patties which 1vere not surface glazed
 Treatment D! increased after 30 days storage but decreased to a slightly
lower value than the 3 days storage level by day 46. Treatments A and B
sh<>sved essentially no change throughout the 45-day storage period. TBA
values for patties receiving Treatment C had a trend similar to those receiv-
ing Treatment D but the al3sorbance values were not .substantiallv different
from Treatments A and 8, These results substantiate the finding of the panel.

The TBA test results for patties prepared by Formula 2 are presented in
Figure 2, The results indicated that patties, svhich were unglazed  Treat-
ment D!, gave higher TBA values than the other three treatments after 30
days storage. An increase in TBA values was nbserved for Treatments A
and C, with the latter showing onlv a slight increase. Apparently, the glazing
assisted in preventiiig oxidative nmcidity but the results were not sub-
stantiallv different. The TBA values for all treatments of Form«!a 2 patties
were slightly higher than those for Formula 1. It w.ts conc!uded that this
occurred as a result of using a higher level of mechanically separated fish
tissue in Formula 2, which probalily contained componeiits from tlie skin
and bones, and thereby increased the rate of oxidative nmcidity, Moerck and
Ball �974! reported that mechanically deboned chickeii meat increased
significantly in TBA value during storage at 4' :. The incre;ise in TBA values
exceeded 1.3 after 6 days storage with values increasing to 20 after 13 days
storage. The rancidity threshold level has been reported t<> be a TBA value
of 1,0  watts, 1962!, An antioxidant  Tenox 11! wass effective in preventing
increases in TBA values. Thus, on the basis of the panel and TBA results,
the use of only inechanically separated fish muscle tissue iii patty formula-
tions would not be prohibitive for storage periods exceeding 45 days, How-
ever, the minced fish tissue used in these studies was processed under
closely controlled pilot laboratory conditions and would bc expected to have
relatively high quality ratings.

Fig. f. Effect of type glazing, precooking and storage time on the TBA values
of frozen seafood patties  Formula f I,

Fig. 2. Effect of type glazing, precooking and storage time on the TBA values
of frozen seafood patties  Formula 2!.
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IV. Coinpai'isbn of Bluefish and Crabmeat in
Seafood Patties

Two trials were conducted in this experiment in which various combina-
tions of crabmeat and four species of flsh were used. The two formulations
for the patties are given in Table 10.

The experiment was conducted to determine if the crabmeat contributed
significantly to the quality of seafood patties in relation to steamed and
flaked fish tissue. Bluish Pomdfomus saltafrix  Linnaeus! was substituted
for the crabmeat in Formula 2 as it was presumed to be the most likely
species to show differences in quality due to its relatively poor stability.

To prepare the fish, raw, frozen � mos,! flounder, weakfish and bluefish
were thawed overnight at room temperature. These fish were steamed for
15 minutes at 212'F, skinned and the meat flaked from the bones. The fresh
spot was hand skinned and deboned and used in the raw condition, The
crabmeat was taken from the body meat, designated as special  regular!
type, and was pasteurized prior to use,

To prepare the patties  Table 10!, the spot tissue, tt aC1, water and phos-
phate were chopped in a silent cutter to form a uniforin blend and the
seasonings, MSG, soy flour and hydrogenated vegetable oil added and
chopped to an emulsion consistency, The emulsion was transferred to a
Hobart mixer-grader and the flaked fish and crabmeat  Formula 1! added
and mixed gently to a uniform consistency with care being taken not to
destroy the flaked particles. The patties were formed in a hand press and
glazed in a mirinade solution consisting of 4,0% malic acid, 4.0% lemon
marinade,  Foote and Jenks! and 92.0% water. The patties were individually
Table f0. Fish and crabmeat patty formulations.

Crabmeat
Flounder, s and f'
Weakfish, s and f
Bluefish, s and f
Spot, fresh
Water
Hydrogenated vegatable oil  Crisco!
Phosphate  Cafgon No. G 31077!
Soy flour  Central Soy, Promosoy 20/60!
Seafood seasoning i

i s and f = steamed and flaked.
t Consisting of Z0% Naok L3% dextrose. 0,0% mustard flour, 0.0% Old Ssy Seafood Seasoning

and 0,1% monosodium glutamate.

quick frozen  IQF! on trays at � 25oF and subsequently �4 his! packaged
and stored at � 25'F for 12 days prior to evaluation.

Evaluation of the patties was done by cooking from the frozen condition
in an electric fry pan �50'F! and evaluating for appearance, aroma, texture
and flavor using a hedonic scale  9 = like extremely; 1 = dislike extremely!
by a f!-member panel.

The panel ratinfys for the two patty formulations  Table 10! are presented
in Table 11. Formula 1 contained crabmeat, flounder, weakfish and spot
whereas in Formula 2 bluefish was substituted for the crabmeat. The
remaining ingredients were identical for both formulae.

The results of the panel scores indicated that there was no substantial
difference in the use of bluefish as a substitute for crabmeat. These results
are of major significance since bluefish has often been associated with strong
off-flavors and aromas and is considerably less expensive than crabmeat.
However, it should be noted that a long-term storage study was not con-
ducted for this experiment, but all fish had been frozen 3 mos, in the raw
condition prior to use. Furthermore, it was theorized that the steam cooking
of the bluefish prior to use in the formula may have reduced the enzymatic
activity of the muscle tissue and thereby improved the stability. lt was
concluded that crabmeat could be eliminated from seafood patty formulations
if flaked fish were used in order to obtain 'the desired texture in the finished
patties.

Table t1. Panel sensory evaluation scores for fish patties with
bluefish replacing crabmeat.

' Hedonic scale � ~ Like Extremely and i = Dislike Extremely!.
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V. Utilization of mechanically Separated Cat6rth Tissue
and Crabmeat in Patties.

Channel catfish  Ictalurut purtctatus! were taken from lakes near Raleigh,
North Carolina, processed and the muscle tissue removed by hand filleting,
and sampled for the determination of fat, moisture, protein and ash  AOAC,
1970!. Also, the tissue was evaluated for yield, soluble protein, emulsifying
capacity and pH. In addition, the catfish were eviscerated, deheaded and
mechanically separated to obtain a minced fish for preparation of patties.

Two trials were conducted for the development of unbreaded patties, each
with varying amounts of ingredients according to the formulations shotvn in
Table 12. To prepare the patties, quick-frozen � days! mechanically
separated catfish was thawed and blended in a Hobart mixer with the YiaC1
and water to form a slurry. The seasonings and cornmeal  Formula 2! were
added and the mixture blended thoroughly with the vegetable fat being
subsequently added and further blended to obtain a uniform mixture. The
crabmeat was added last with gentle mixing in order to obtain complete
dispersion without destroying the integrity of the particles. Patties were
formed using a hand operated mokl from the mixture and individually
frozen at � 25'F.

The patties were prepared for panel evaluation after 30 days frozen storage
by cooking from the frozen condition in an electric fry-pan at 350'F, They
were evaluated on a 5-point scale for appearance, aroma, texture and flavor,
where 5 = like extremely to 1 = dislike extremely.

Table 12. Caffish patty formulations.

~ m.s, = Meehanieally separated
t Consisting of 2.0% Nacl, 1.0% derttsne, 0.6% mustard firatr, 0>% Old Bay SeafOOd SeaeOning

and 0.1% monosodium glutamate.

Table 13 shows the results of three trials on the determination of chemical
and physical properties of channel catfish muscle tissue. It was found that

Table 13 Proximate composition and functional properties of
catfish muscle tissue.

' Slurry waa prepared by blending 20.0 g. nah tissue with t60 ml of 0.66 rd NaCl for 2 min.
at VC.

the composition of catfish muscle is similar to other species of fish. Firth
�969! reported the range in composition for fish as. moisture 66-84%; oil
0.4-25%; protein 13-24%; and ash 0.5-2%. The soluble protein and emulsifying
capacity data indicated that the catfish muscle would be a relatively good
binder,

The results shown in Table 14 indicated a slightly higher yield for the
mechanically separated tissue as compared to hand filleting. Also, it was
observed that there was substantially less labor required for the mechanical
processing, ln preparing the muscle tissue, it was observed that when the
catfish were mechanicafiy separated prior to the development of rigor and
stored at 45'F, a green discoloration occurred within 2-3 hrs. This condition
did not iiccur in post rigor, minced tissue or when it was immediately frozen
after pre-rigor mechanical separations,

Preliminary evaluation in the use of catfish muscle tissue for the prepara-
tion of patties indicated that an acceptable product texture could not be
obtained without the addition of supplemental ingredients. Panel results
 Table 15! showed that the patties made by Formula I were rated relatively
liiw for texture 'md flavor although the appearance and aroma were rated
relatively high. Therefore, in Formula 2, the amount of catfish was de-

Table 14. Percent yield of hand and mechanically separated cat-
fish tissue.



Table t5. Panel sensory evaluation scores for catfish patties.<
Appearance Aroma Texture FlavorFormula

Number

3.0
3.S

3.0
4.0

4.5
3.8

4.0
3.2

' eased on a S-point scale; where 5 = like extcemely and 1 dis!ike exccemely.

creased, the crabmeat increased and cornmeal added in an attempt to increase
texture and flavor without substantially lowering appearance and aroma. The
taste panel scores showed that Formula 2 was preferred for flavor and tex-
ture but appearance and aroma decreased. Although appearance and aroma
were lowered, it was determined by the panel that Formula 2 had a higher
overall acceptability. It was concluded that catfish patties may have possi-
bilities as a marketable item for institutional food programs while utilizing
waste materials such as the meat left on the bone frames following filleting
operations.

VI. Conclusions

Recently there has been widespread interest in the utilization of minced
fish tissue obtained from the mechanical separating process. However, there
are many problems encountered in developing acceptable products with
minced fish tissue.

On the basis of these experiments, it was concluded that mechanically
separated fish muscle tissue can be effectively used to prepare catfish and
seafood patties provided that supplemental ingredients are used in formulat-
ing the products. The use of steamed and flaked fish tissue was effective in
increasing texture ratings in seafood patties made with relatively high
amounts of minced fish tissue. There was an indication that pre-cooking of
headed and eviscerated fish  steaming and flaking! may assist in maintaining
a.cceptable flavor and aroma for frozen bluefish. Furthermore, the selection
of a desirable species was found to be an extremely important factor, The
concept for developing the type of patties prepared in these experiments
was based upon the elimination of surface breading 'on seafood products,
This type of product was conceived so that it could be grilled direct from
the frozen condition by institutional and fast food service users, The experi-
lnental samples showed that such a method of preparation can be satisfactorily
accompl is bed.

This investigation indicated that the texture and flavor of products de-
veloped with minced fish tissue can be improved by such techniques as the
addition of flaked fish tissue, and the application of' a surface glaze to the
frozen patty,
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