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On mechanically separated
Finfish and Crustacea meats
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INTRODUCTION

The study of deboned fish flesh at North Carolina State
S i n c e t h a t t i m e o u r c o n t r i b u t i o n sUniversity began in 1970.

to the literature, along with the contributions from others,
have indicated aneed to bring together the current literature.
During the summer of 1977 acompilation of relevant available
literature on the subject of mechanically deboned finfish and
Crustacea meats was begun.

T h e l i t e r a t u r e w a s reviewed and annotated to form aready
source of information gathered in asingle collection. The
bibliography is to be used as apreliminary reference for those
unfamiliar with what has been published concerning minced fish
flesh technology. For those who have participated in investi¬
gative studies on mechanical deboning, this material may add
n e w d i m e n s i o n s .

Efforts centered on reputable publications, trade journals,
and selected technological conferences, the proceedings of which
were readily available to our facility. Many popularized arti¬
cles were not used and some conferences were undoubtedly over¬
looked due to the limited time alloted to this initial review.
References to patents were not included,
used when virtually the same work and results were published in
s e v e r a l d i f f e r e n t s o u r c e s .

Among the sources contacted were national, university, and
local libraries, universities known to have ongoing work in this
field. National Marine Fisheries Service technological labora¬
tories, Environment Canada Halifax Laboratory, Torry Research
Station, fishery attaches, and other foreign

D i s c r i m i n a t i o n w a s

s o u r c e s .

In the reference section, authors are listed alphabetically.
The subject index consists of general headings placed in ase¬
quential order according to treatment of the subject. Each ref¬
erence, identified by author(s) and date, is placed under the
headings which predominate in the particular work. Also pro¬
vided are listings of meetings and symposiums, as well as abstract
and index sources not extensively consulted in this study.

It is the hope of those producing this bibliography that it
will provide avaluable guide to the present literature, summa¬
rize the state of the art, and point out the needs for future
areas of emphasis.

Frank B. Thomas, Ph.D.
Extension Professor -Seafoods



REFERENCES

A m a n o , K e i s h i .
1965. Fish sausage manufacturing, pp. 265-280. In Georg
Borgstrom [ed.] Fish as food, vol. 3» processing: part 1.
Academic Press, New York.

Chemical aspects -raw materials -preparation and pro¬
cessing -recipes -shelf- l i fe, bacteriological problems -
qua l i t y con t ro l - chemica l compos i t i on .

Amano, K.
1969. Inspection and quality assessment of Japanese commi¬
nuted fish products, pp. 119-12A. In Rudolf Kreuzer [ed.j
Fish Inspection and quality control, 1971. Fishing News
(Books) Ltd., London, England.

Adescription of the Japanese inspection system for fish
sausage and some criteria for evaluation of the quality
of "kamaboko" and frozen minced fish meat were given.
The author discussed the production methods for minced
fish products and examined the influence of several fac¬
tors on the qua l i t y o f the fina l p roduct .

Anderson, M. L., and J. M. Mendelsohn.
Astudy to develop new products from whiting or

other underutilized species. U. S. Dept, of Commerce,, Eco¬
nomic Development Administration, Technical Assistance Pro¬
ject No. 01-6-09131, 67 p.

Rapid salt-curing resulting In aproduct with desired prop¬
erties was obtained when fillets were ground in saturated
brine with enough added salt to keep the brine saturated
during salting. The salted product was highly acceptable
as an ingredient of fish cakes. Smoked fish, fish cakes,
and smoked fish balls made from whiting in various forms,
including mechanically deboned flesh, were some of the
highly acceptable products which retained their quality
wel l dur ing s torage.

1971.

Anonymous.
1975.8 firms offer deboning machines; how they work. The
National Provisloner, vol. 172, no. 14, pp. 12-50, (11 p.).

Adescription of mechanical deboning equipment offered for
sale in the United States by eight manufacturers was given.
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Babbitt, Jerry K., David L. Crawford, and Duncan K. Law.
1972. Decomposition of trimethyl amine oxide and changes
in prote in extractabi1 i ty dur ing f rozen storage of minced
and intact hake (Merluccius productus) muscle. Journal of
Agricultural and Food Chemistry, vol. 20, no. 5, pp* 1052-
IO5A.

Formation of dimethyl amine (DMA) and formaldehyde (FA)
was greatly accelerated in minced muscle during frozen
storage at -20*C as compared with fil lets. Tr imethyl amine,
DMA, and FA determined immediately after mincing of the
muscle were 2-4 times greater than determined in the in¬
tac t fi l l e t ; t h i s co r responded to amuch lower t r ime thy -
l a m i n e o x i d e c o n t e n t i n m i n c e d m u s c l e . T h e d e c r e a s e i n
the amount of total extractable protein in minced muscle
corresponded to the increase in FA and DMA content.

Babbitt, J. K., D. K. Law, and D. L. Crawford.
1976. Improved acceptance and shelf l i fe of frozen minced
fish with shrimp. Journal of Food Science, vol. 41, no. 1,
p p . 3 5 - 3 7 .

Increasing the amount of shrimp in the frozen portions of
minced fish muscle markedly improved the acceptabil i ty
and she l f - l i f e s t ab i l i t y o f t he m inced fish . Th i s was
direct ly related to the decreased formation of malonalde-
hyde and peroxides. The beneficial effects of incorpora¬
ting shrimp with minced fish were attributed to substances
e x t r a c t a b l e i n e t h a n o l t h a t e x h i b i t e d a n t i o x i d a n t p r o p e r ¬
t i e s .

B a i l e y , R . S .
1976. Areview of the resources available to British fish¬
eries, with particular reference to minced fish technology,
pp. 9-17. j_n_ James N. Keay [ed .]Conference: the production
and utilisation of mechanically recovered fish flesh (minced
fish), 1976, proceedings. Ministry of Agriculture, Fisheries
a n d F o o d , To r r y R e s e a r c h S t a t i o n , A b e r d e e n .

The traditional resources for human consumption (demersal
and pelagic fisheries), the Industrial fish resources, and
underexploited resources of the United Kingdom were dis¬
cussed for poss ib le exp lo i ta t ion. The underexp lo i ted b lue
whiting resource was deemed large enough to sustain acon¬
s iderab le fishery, a l though l i t t l e commerc ia l i n te res t has
b e e n s h o w n s o f a r .
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Baker, R. C., J. M. Regenstein, and J. M. Darfler.
1976a. Development of products from minced fish; 1. seafood
chowders. New York Sea Grant Institute, 32 p.

Both New England and Manhattan style seafood chowders us¬
ing minced fish were developed and tested by taste panels.
Formulas and procedures for these nutri t ious, low cost
soups, containing up to 37 percent seafood by weight per
c a n , w e r e i n c l u d e d .

Baker, R. C., J. M. Regenstein, and J. M. Darfler.
Development of products from minced fish: 2 . s e a f o o d

New York Sea Grant Institute, Zk p.

Seafood crispies, bite-sized, battered, breaded, and fried
for serving as hors d'oevres or as an entree, were devel¬
oped. They contained at least 66 percent minced fish from
underutilized species or from filleting wastes. Formula¬
tions for the well-accepted product were included.

1976b.
c r i s p i e s .

Blackwood, C. M.
1973. Utilization of mechanically separated fish flesh--
Canadian experience, pp. 325"329c Rudolf Kreuzer [ed.]
Fishery products, 1974. Fishing News (Books) Ltd., Surrey,
England.

Mechanical separation of marine, crustacean, and freshwater
fish flesh, minced flesh products, product description, and
q u a l i t y w e r e d i s c u s s e d .

Blomo, Vito J.
1976.
ducts, pp. 645-659.

Market potential for fish as an extender in meat pro-
In B ryan t F. Cobb 111 and A lexandra B .

Stockton, Proceedings of the first annual tropical and sub¬
tropical fisheries technological conference, vol. 2. Texas
ASM University-Sea Grant College, Publication No. TAMU-SG-
7 7 - 1 0 5 .

Resu l t s o f t he s tudy ind i ca ted a favo rab le s i tua t ion fo r
use o f fish as extender in meat products . Acons iderab le
margin for profit on the part of fishermen, fish processors,
and meat packers was estimated.

Bond, R. M.
1975. Background paper on minced flesh. FAO Fisheries
Circular No. C332, FII P/C332, 24 p.
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Upon recommendation by an ad hoc committee to the FAO
Technical Conference in Tokyo, 1973» the Food and Agri¬
culture Organization canvassed member countries for Infor¬
mation regarding minced fish flesh under the subject head¬
ings "Raw material," "Method of manufacture," "Product com-
s l t i o n , " " Q u a l i t y c r i t e r i a , " " M i c r o b i o l o g y, " " A d d i t i v e s ,
and "Product labell ing." The paper was organized under
these headings and areview was made of currently avail¬
ab le l i t e ra tu re ( 38 r e fe rences l i s t ed ) .

t l

Cann, D. C., and Lesley Y. Taylor.
1976. The bacteriology of minced fish prepared and stored
under experimental conditions, pp. 39"^5. _ln^ James N. Keay
[ed.] Conference: the production and uti l isation of mechan¬
ically recovered fish flesh (minced fish), 1976, proceedings.
Ministry of Agriculture, Fisheries and Food, Torry Research
S t a t i o n , A b e r d e e n .

It was stated that provided adequate hygiene is practiced,
the in i t ia l bacter io log ica l qua l i ty o f minces made f rom
iced fish i s dependent en t i re ly on the in t r ins ic qua l i t y
of the starting material. The fillets of cod (represen¬
ta t i ve o f f resh wh i te fish) p rov ided the bes t qua l i t y
minces with trimmings, frames, and backbones following.
Under the condi t ions of s torage, t ime affected bacter ia l
counts more than temperature did.

Carver, J. H., and F. J. King.
1971* F ish scrap offers h igh qual i ty prote in . Food Engi¬
neering, vol. 43, no. 1, pp. 75"76.

Potent ial uses of comminuted fish flesh were br iefly out¬
lined. Short explanation of how meat/bone separation works.

Cheng, C. S., D. D. Hamann, and N. B. Webb.
1977. Effect of thermal processing on minced fish gel tex¬
ture. Paper presented at the 37th Annual Meeting of the
Inst i tute of Food Technologists, Phi ladelphia, Pa. , June
5 - 8 . A b s t r a c t o n l y.

Rapid heating to higher Internal temperatures improved the
textures of fish gels; however, these thermal effects were
species and harvest locat ion dependent. I t appeared that
changes in muscle proteins during heating, apparently
caused by unknown factors (active at 70"C or lower and



inactivated by rapid heating to 85®C) in the sarcoplasmic
p r o t e i n f r a c t i o n ^ w e r e r e l a t e d t o t h e o b s e r v e d t h e r m a l
effects on the gel textures.

Cheng, C. S., D. D. Hamann, N. B. Webb, and V. Sidwell.
1977. Effects of species and storage t ime on minced fish
gel texture. Paper presented at the 37th Annual Meeting of
the Inst i tu te of Food Technologis ts , Phi ladelphia, Pa. , June
5-8. Abstract only.

Pro te in func t iona l i t ies o f mechan ica l l y deboned fish t i s¬
sues of four species and frozen storage up to 12 months
were studied. Di fferences In gel texture among species
and the effects of f rozen storage were evident. Fish gel
texture was closely related to water-holding capaci ty and
pro te in so lub i l i t y o f cooked ge ls .

Choy, A. A., W. W. Meinke, and K. F. Mattil.
1975a.
flesh from some species of fish.
35th Annual Meeting of the Institute of Food Technologists,
Chicago 111., June 8-12, 16 p.

I t w a s f o u n d t h a t t h e r e w a s n o s t a t i s t i c a l d i f f e r e n c e b e ¬
tween Protein Efficiency Ratio and Net Protein Ratio val¬
ues for fillet and minced flesh prepared from the same
fi s h ,

tine and phenylalanine were the limiting amino acids from
a n u t r i t i o n a l v i e w p o i n t .

C o m p a r a t i v e n u t r i t i v e v a l u e o f fi l l e t s a n d m i n c e d
P a p e r p r e s e n t e d a t t h e

Chemical scores indicated that the amino acids cys-

Choy, A. A., W. W. Meinke, and K. F. Mattil.
1975b.
p r o d u c t s f r o m G u l f C o a s t t r a w l fi s h .
35th Annual Meeting of the Institute of Food Technologists,
Chicago, 111., June 8-12, 21 p.

Experimental yields of minced flesh obtained from spot,
white trout, and golden croaker ranged from k2% to kS% on
awhole fish basis. The trawl fish minced flesh was high¬
e r i n p r o t e i n a n d l o w e r i n m o i s t u r e t h a n t h e c o m m e r c i a l
Alaska pol lock; also, the amino acid contents of the trawl
fish were higher than for the pollock product.

P r e p a r a t i o n a n d c h a r a c t e r i z a t i o n o f s o m e fi s h fl e s h
P a p e r p r e s e n t e d a t t h e

Cole, B. J., and J. N. Keay.
1976. The development of rancidity In minced herring
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products during cold storage, pp. 66-69. Jjl James N. Keay
[ed.] Conference: the production and uti l isat ion of mechan¬
ically recovered fish flesh (minced fish), 1976, proceedings.
Ministry of Agriculture, Fisheries and Food, Torry Research
Stat ion, Aberdeen.

Herring fingers proved to have somewhat superior keeping
qualities to kipper fingers. This could be due to the
salt present in the kippers. In some instances signifi¬
cantly higher peroxide values were recorded for fingers
which were flash f r ied than for thei r counterpar ts which
h a d n o t r e c e i v e d t h i s t r e a t m e n t . T h e e f f e c t o f t h e a v a i l ¬
ability of oxygen as controlled by the type of packaging
material used and the effect of temperature were i l lus¬
t r a t e d .

Crawford, David L., Duncan K. Law, and Jerry K. Babbitt.
1972 . Nu t r i t i ona l cha rac te r i s t i c s o f ma r i ne f ood fish
carcass waste and machine-separated flesh. Journal of
Agricultural and Food Chemistry, vol. 20, no. 5» PP* 10^8-
1051.

Y i e l d a n d n u t r i t i o n a l c h a r a c t e r i s t i c s o f w h o l e c a r c a s s
wastes, machine-separated flesh, and bone-skin fractions
of six marine food fish were determined. Machine sepa¬
ration of bone and skin markedly improved the quality of
protein in carcass waste. Protein efficiency ratio values
for separated flesh fractions were significantly higher
t h a n v a l u e s f o r w h o l e c a r c a s s w a s t e .

Crawford, D. L., D. K. Law, J. K. Babbitt, and L. S. McGill.
1972. Yield and acceptability of machine separated minced
flesh from some marine food fish. Journal of Food Science,
vol. 37> no. 4, pp. 551“553*

Information on yield of minced flesh obtainable by ma¬
chine deboning and skinning of important commercial spe¬
cies was developed (yields ranging from 40.4^-54.5%)* and
the comparative acceptance of portions prepared from fro¬
zen blocks of intact and minced flesh was evaluated. So¬
dium trI polyphosphate added to minced flesh to reduce drip
loss was also evaluated as means of improving acceptance.

D a g b j a r t s s o n , B .
1975 . U t i l i za t ion o f b lue wh i t i ng , M ic romes is t ius pou tas -
sou, for human consumption. Journal of the Fisheries Re¬
search Board of Canada, vol. 32, no. 6, pp. 747"751*
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Blue whiting Is similar to other gadoid species in chem¬
ical composition and close to cod In eating quality.
Minced blue whiting Is darker In appearance than most
other whitefish products and is stable for only 3months
In f rozen storage. Bleaching adversely affects the eat¬
i n g q u a l I t y.

Daley, L. H., and J. C. Deng.
1977.

m u l l e t .
Development of asausage-type product from minced

Paper presented at the 37th Annual Meeting of the
Institute of Food Technologists, Philadelphia, Pa., June
5 - 8 . A b s t r a c t o n l y.

Seventeen formulations using varying proport ions of minced
mullet, soy, water, and sodium tripolyphosphate were pre¬
pared and analyzed for water loss, shear force, and organo¬
leptic acceptability. Asurface response analysis and a
short-term rancidity study were done to determine the op¬
timum, most stable combination of Ingredients.

Del Valle, F. R., J. Hinojosa, D. Barrera, and R. A. De La
M o r a .

1973.
q u i c k - s a l t e d fi s h c a k e s ,
no. k, pp. 580-582.

Bacter ia l counts and rancid i ty est imates of s tored
Journal of Food Science, vol. 38,

Bacterial contamination of the cakes depended upon their
salt and moisture contents and tended to decrease with
time after about 2months. Staphylococci were apparently
n o t p r e s e n t . T h e c a k e s b e c a m e r a n c i d w i t h t i m e t o d i f f e r ¬
ent degrees; some of the rancid components were removed
by desa l t ing In bo i l ing water.

Del Valle, F. R., M. Padilla, A. Ruz, and R. Rodriguez.
1973.
t r i a l s w i t h qu i ck - sa l t ed fish cakes ,
ence, vol. 38, no. 2, pp. 2^6-250.

Pilot plant production of and large scale acceptance
J o u r n a l o f F o o d S c l -

The poss ib i l i t y o f p roduc ing qu ick-sa l ted fish cakes In
an Indust r ia l or semi- indust r ia l sca le employ ing low-
cost raw mater ials was judged val id. Consider ing calcu¬
lated product ion costs, reta i l pr ices of the cakes would
probably be low and, extrapolat ing resul ts of the taste
trials, acceptance of the cakes would probably be assured.
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Dingle, J. R., W. D. Aubut, D. W. Lemon, and Wanda Robson.
1974. The measurement of the bone content in minced, fish
flesh. Environment Canada, Fisheries and Marine Service,
Halifax Laboratory New Series Circular No. kk, 7P*

As imple a lka l ine hydro lys is p rocedure fo r the es t imat ion
of bone particles in mechanically separated fish flesh
w a s d e s c r i b e d .

Dingle, J. R., and J. A. Hines.
1 9 7 5 . P r o t e i n i n s t a b i l i t y i n m i n c e d fl e s h f r o m fi l l e t s a n d
f r a m e s o f s e v e r a l c o m m e r c i a l A t l a n t i c fi s h e s d u r i n g s t o r a g e
at “5C. Journal of the Fisheries Research Board of Canada,
vol. 32, no. 6, pp. 775”783.

Minced flesh of At lant ic cod and pol lock suffered arapid
loss of protein solubility during storage at -5C, due to
the presence of kidney tissue which caused the formation
of dimethylamine and formaldehyde from the trimethylamine
oxide of the muscle. Minced flesh of wi tch flounder,
American plaice, and Atlantic mackerel was more stable.
The exclusion of gadoid kidney and blood from minced fish
preparations was recommended.

Dingle, J. R., Barbara Lall, and R. A. Keith.
The mixing of minced flesh of different fish may be

Environment Canada, Fisheries and Marine Service,
1976.
r i s k y .
Halifax Laboratory New Series Circular No. 59* 8p.

To test the possibility of fish having poor stability in
frozen storage affecting the quality of more stable flesh
in amixture, values for extractable protein, dimethylamine,
and formaldehyde were taken from minced samples of red
hake, the more stable flatfish, and the mixture of the

It was found that changes occurring duringtwo species,
storage at -10®C in the hake flesh affected the flatfish
portion as wel1.

FAO Department of Fisheries.
1977. Drafted code of practice for minced fish. Prepared
by Fish Production and Marketing Service, Fishery Industries
D i v i s i o n , 3 2 p .

This international code contained technological and essen¬
tial hygiene requirements for the preparation of high-
quality minced fish products, and was based on established
and recognized good commercial practices.
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F i n c h , R o l a n d .
1977.
Technology, vol. 31, no. 5, pp. 44-53.

Amajor purpose of FPC was to Improve man's overall use of
the protein In fish, but the success of the FPC concept has
appeared to recede. Therefore, the possibility of increas¬
ing the protein yield from the ocean by applying flesh sep¬
aration technology to fish assumes greater importance than
e v e r b e f o r e .

Whatever happened to fish protein concentrate? Food

Food and Agriculture Organization.
1975. Expanding the utilization of marine fishery
for human consumption.

r e s o u r c e s

FAO Fisheries Report No. 175, 47 p.

FAO fisher ies reports,
n u t r i t i o n .

F i s h u t i l i z a t i o n . F i s h i n h u m a n
Marine resources potential -small pelagic

fish -cephalopods -mussels -mesopelagic species -krill.
Fish handling, preservation, processing,
c e n t r a t e s .

F i s h p r o t e i n c o n -
Func t i ona l p ro te i n f r om fish . M inced fish .

Hydrolysates. Canned fish. By-catch uti l ization,
y i e l d s .

P r o t e i n

G i l l i e s , M . T.
1975. Fish and shellfish processing.
Park Ridge, New Jersey, 338 p.

Noyes Data Corporation,

Detai led, descript ive information based on U. S.. . , p a t e n t s
since i960 relating to the large scale processing of fish
and shellfish was given. Subject, company, inventor, and
p a t e n t n u m b e r i n d e x e s w e r e l i s t e d .

Greenfie ld , J . E .
1976. The economics of the commercial development of Gulf
of Mexico bottomfish, pp. 631-644. Bryant F. Cobb III
and Alexandra B. Stockton, Proceedings of the first annual
tropical and subtropical fisheries technological conference,
vol. 2. Texas ASM University-Sea Grant College, Publica¬
tion No. TAMU-SG-77-105.

The small size of Gulf of Mexico bottomfish requires me¬
chanical flesh separation technology. The author approx¬
imated the economic feasibility of using these bottomfish
resources for market ing in conventional minced fish block
f o r m s .
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I I , D. A. Suter, B. J. Cobb, I I I , W. A.H a r r i s o n , A . P. ,
LePorl, and E. R. Jones.

1977. Mechanical processing of Atlantic cutlassflsh, p. 12.
In Abstracts of the second annual tropical and subtropical

fTsher les con fe rence o f the Amer icas . Texas ASM Un iver -
slty-Sea Grant College, Publication No. TAMU-SG-77"!12.

A yield was achieved for the mechanically deboned
f o r m o f t h e u n d e r u t i l i z e d A t l a n t i c c u t l a s s fl s h . P r e f -

taste and texture showed no s ignificant d i fferencese r e n c e

due to Ice storage prior to processing or subsequent fro-
storage for both frozen raw minced block or frozen pre¬

cooked fish sticks, compared to commercial codfish. Ob¬
jective textural measurements showed no significant differ¬
ences due to frozen storage or periods on ice, prior to
processing, as compared to codfish.

z e n

Heen, Eirlk, and Rudolf Kreuzer [ed.].
1962. Fish in nutrition. Fishing News (Books) Ltd., London,
England, kkj p.

International Congress by FAO, Washington, D. C., Septem¬
ber, 1961. Main topics:The role of fish in world nutri¬
tion -Chemical components of fish and their changes under
t rea tment -Cont r ibu t ion o f fish and fish products to na¬
tional diets -Fish and fishery products in animal nutri¬
tion -Demand for fish as human food and possibilities for
i n c r e a s e d c o n s u m p t i o n .

H e r b o r g , L a r s ,

new products in Denmark, pp. 82-o3*
the production and utilisation of mechanically

M i n -

Production of separated fish mince for traditional and
In James N. Keay [ed.]

C o n f e r e n c e :
recovered fish flesh (minced fish), 1976, proceedings,
istry of Agriculture, Fisheries and Food, Torry Research Sta¬
tion, Aberdeen.

New minced fish products for the Danish market were dis¬
c u s s e d .

H e r b o r g , L .
1969 .
products, pp. 12^-128.
t ion and qual i ty control , 1971●
London , Eng land .

Quality control and inspection of European comminuted
In Rudolf Kreuzer [ed.] Fish inspec-

Fishing News (Books) Ltd.,

1 0



The normal process for manufacturing comminuted products
and typical examples of various types of products were
descr ibed. Methods for qua l i ty cont ro l and inspect ion
w e r e o u t l i n e d .

Herborg, Lars, and Karin Pedersen.
197^* Classification of minced fish. Paper, Technological
Laboratory, Ministry of Fisheries, Technical University,
Lyngby, Denmark, 7p.

Bone content, bone size, and grading according to color of
separa ted fish b locks were inves t iga ted . As tandard o f
freshness for pure cod blocks was suggested while astan¬
dard for bone content was not, but amethod of analysis by
digesting the minced fish by ethanolic KOH and weighing the
remaining bones was recommended.

H e r r e r a L . , P. M .
1977.
f o r m u l a t i o n o f h u m a n e d i b l e f o o d s .
37th Annual Meeting of the Institute of Food Technologists,
Phi ladelphia, Pa., June 5-8.

The procedure used to recover and convert residual edible
by-products into food products consisted essentially of
mechanically deboning and heating (95®C-97®C) to coagulate
the proteins until apaste was formed. The proximate chem¬
ical composition of this intermediate raw material, its
yields, microbial levels, physical, chemical, and organo¬
lept ic proper t ies were inc luded.

Utilization of shrimp and prawn by-products In the
P a p e r p r e s e n t e d a t t h e

Abs t rac t on ly.

Hiltz, D. F., B. S. Lall, D. W. Lemon, and W. J. Dyer.
1976. Deteriorative changes during frozen storage In fillets
and minced flesh of silver hake (Merluccius bilinearis) pro¬
cessed from round fish held in ice and refrigerated sea water.
Journal of the Fisheries Research Board of Canada, vol. 33,
no. 10, pp. 2560-2567.

Holding round fish up to 6days in refr igerated sea water
(RSW) at 0-1®C before processing extended the frozen stor¬
age l ife of fil lets at -10“C by 2-3 weeks and of minced
flesh by 1week over that for comparable materials prepared
from round fish held in ice. Saturat ion of the sea water
with CO^ retarded the onset of bacterial spoilage in RSW-
held fish. Spoilage otherwise developed more rapidly than
i n i c e d fi s h .
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Hing, Francisco S., Nora Yu-Ang Tang, and Catherine G.
C a v a l e t t o .

1 9 7 2 . S t a b i l i t y o f fi s h s a u s a g e a t l o w t e m p e r a t u r e s t o r a g e .
Journal of Food Science, vol. 37, no. 2, pp. 191"19^*

Fish sausage made with striped marlin and skipjack tuna
a n d p r o c e s s e d i n b o i l i n g w a t e r f o r 5 0 m i n u t e s w a s s h o w n
to possess good sensory and microbial quality. The pro¬
duct was stable for 15“26 weeks at 35®F as well as at 45®F.

H o w g a t e , P e t e r.
1976. The sensory properties of minced cod and herring, pp.
^9“53. j_n_ James N. Keay [ed.] Conference: the production
and ut i l i sa t ion of mechanica l ly recovered fish flesh (minced
fi s h ) , 1 9 7 6 , p r o c e e d i n g s . M i n i s t r y o f A g r i c u l t u r e , F i s h e r i e s
a n d F o o d , To r r y R e s e a r c h S t a t i o n , A b e r d e e n .

Color of minces and unprocessed fish meat were similar, ex¬
cept that the mince from cod backbones was slightly darker.
The odor, flavor, and texture of the backbone mince appeared
unacceptable, while the minces from other cod fractions were
accep tab le bu t o f i n fe r i o r qua l i t y. M inc ing a f f ec ted t he
flavor of herr ing, but appeared not to have affected i ts
texture. I t was hypothesized that in both species the ex¬
trusion and concomitant mincing processes rapidly acceler¬
ated enzyme react ions that occur, but s lowly, in the Intact
fi l l e t .

I k k a l a , P r e b e n .
1975. The organoleptic assessment of the texture of minced
fish (method to determine texture profiles). Paper, Techno¬
logical Laboratory, Ministry of Fisheries, Technical Univer¬
sity, Lyngby, Denmark, 10 p.

An introductory attempt to demonstrate aworking method of
obta in ing sub ject ive tex ture profi les o f minced fish was
d e s c r i b e d .

I s h i i , S . , a n d K . A m a n o .
1973. Reprocessing fish into composite products, pp. 281-
283. j_n^ Rudolf Kreuzer [ed.] Fishery products, 197^. Fish¬
ing News (Books) Ltd., Surrey, England.

The materials, presentation, and wide acceptance of com¬
posite fishery products—those made chiefly from comminuted
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fish meat with other ingredients such as cereals, vege¬
tables, flavor ing, and co lor ing substances--were d iscussed.

J a r e n b a c k , L .
1976a. Frozen storage of fish mince -I. Quality changes in
minced flesh from different parts of cod during frozen stor¬
age. SIK-The Sedish Food Institute, Report No. 409, 4l p.
(In Swedish; English summary).

Analyses of the raw minces obtained from fillets, fillets
with skin, belly flaps, necks and frames of cod (Gadus
morhua L.) showed that during storage at -10®C there were
rapid losses in the amount of salt-extractable proteins and
in water holding capacity. Only mince from fillets and
belly flaps could form an acceptable product within 2weeks
of f rozen storage.

J a r e n b a c k , L .
1976b. F r o z e n s t o r a g e o f fi s h m i n c e - I I . I n fl u e n c e o f
kidney-tissue and chilled storage on the subsequent frozen
s t o r a g e s t a b i l i t y o f m i n c e d c o d fi l l e t s . S I K - T h e S w e d i s h
Food Institute, Report No. 411, 23 p. (In Swedish; English
summary).

Analyses of the raw mince from cod fillets stored at -20°C
showed decreased protein extractabi1ity and alower emul¬
sifying capacity with increasing time in frozen storage.
The presence of 0.6^ kidney tissue accelerated the loss in
quality. The longer the mince was stored at +5“C before
freezing, the sooner the texture of the corresponding pro¬
duct deteriorated during frozen storage.

Jauregui, C. A., and R. C. Baker.
1977. Discoloration of mechanically deboned fish. Paper
presented at the 37th Annual Meeting of the Inst i tute of
Food Technologists, Phi ladelphia, Pa., June 5-8.
o n l y .

A b s t r a c t

Stud ies us ing aHunter co lor d i f ference meter on d i f ferent
species of fish showed changes in color up to four orders
of magnitude greater during mechanical deboning than during
storage. Skin pigments were found to be the source of the
g r a y i s h d i s c o l o r a t i o n o b s e r v e d .
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Johansen» Steen, and Lars Herborg.
1976. Preservation of minced fish flesh by lactic acid
fermentation. Paper, Technological Laboratory, Ministry of
Fisheries, Technical University, Lyngby, Denmark, 7p.

Amethod of preserving minced fish meat from lean and fatty
species by lactic acid fermentation, technology involved in
the production of cheese, was described. It was concluded
that the shelf life of the products will be several months
at ambient temperature provided they are vacuum-packed in
polyethylene bags.

John, Joshua.
1974. Some marketing considerations with respect to minced
fish products. Marine Fisheries Review, vol. 36, no. 12,
pp. 18-20.

Marketing problems such as adjustment to the introduction
of anew product, abacklash effect on demand prompted by
relatively low-priced items, and the need to avoid over-
expansion in production were discussed as well as marketing
opportunities of lower labor cost, unlimited size of the
potential future market and high degree of versatility of
minced fish. Minced fish products represent high value at
a r e l a t i v e l y l o w p r i c e .

Kaplan, H. J., and S. Constantinides.
1977. Utilization of underexploited marine species through
comminuting and mixing. Paper presented at the 37th Annual
Meeting of the Institute of Food Technologists, Philadelphia,
Pa., June 5"8» 13 P-

Comminuted flesh from red hake, spiny dogfish, and ocean
pout was mixed in various proportions and frozen, exhib¬
iting good stability in frozen storage. End products dis¬
played ahigh degree of acceptability.

Keay, James N. [ed.].
1976. Conference: the production and ut11isation of mechan¬
ically recovered fish flesh (minced fish), 7/8 April 1978,
proceedings. Ministry of Agriculture, Fisheries and Food,
Torry Research Station, Aberdeen, IO8 p.

Conference by Torry Research Station, Aberdeen, Scotland,
April, 1976. Sessions: Fish resources, minced fish
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p r o d u c t i o n - F u n c t i o n a l p r o p e r t i e s , q u a l i t y c o n t r o l , m i c r o ¬
bio logy and hygiene -Ut i l izat ion, product development and
marke t ing . In te rna t iona l papers p resen ted .

King, Frederick J.
1972. A l is t o f companies o ffer ing meat-bone separators to
the seafood indust ry. Nat iona l Mar ine F isher ies Serv ice,
Atlantic Fishery Products Technology Center, Emerson Ave.,
Gloucester, Mass., Technical Note 6. (Fourth prInting-June
16). ^ P .

A p r e p a r e d l i s t o f s e v e n m a n u f a c t u r e r s b a s e d o n i n f o r m a t i o n
avai lable up to 1972. Revis ions pending.

King, Freder ick J.
1973a. Acceptabi l i ty of main dishes (entrees) based on mix¬
tures of ground beef with ground fish obtained from under¬
used sources. Journal of Milk and Food Technology, vol. 36,
no. 10, pp. 504-508.

The economic and nutritional feasibility of mixing ground
beef and ground fish was tested by using well-known main
d ish rec ipes. Severa l combinat ions rece ived favorab le
acceptance rat ings.

K i n g , F r e d e r i c k J .
1973b.
stick trade: a p r o g r e s s r e p o r t ,
vol . 35, no. 8, pp. 26-32.

Improving the supply of minced blocks for the fish
Marine Fisheries Review,

Test methods were performed on flesh recovered from fish
frames or headed and gutted fish. Leaching blood pigments
by washing the minced flesh reduced the intensity of the
color of the product. Dewatering equipment (screens,
presses, centr i fuges) was discussed.

King, F. J.
1977. Past , present , and fu ture uses of minced fish. Mar ine
Fisheries Review, vol . 39, no. 4, pp. 1-4.

Work done in research and development of minced fish, blocks,
and products was discussed. References for information in
specific areas were provided.
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King, Frederick J., and Joseph H. Carver.
1970. How to use nearly all the ocean's food. Commercial
Fisheries Review, vol. 32, no. 12, pp. 12-21.

Preliminary evidence and the concept of total oceanic
production of seafood (TOPS) Indicate the profitable
ut i l izat ion of meat/bone separators in the U. S. seafood
i n d u s t r y .

King, Frederick J., Joseph H. Carver, and Roy Prewitt.
1971* Machines for recovery of fish fleshr from bones. The
American Fish Farmer and World Aquaculture News, vol. 2, no.
11, pp. 17-21.

Work on machine separated fish flesh in general and pond-
reared fish in par t i cu la r was top ica l l y descr ibed .

King, Frederick J., and George J. Fl ick.
1973 . Beefish pa t t ies . Mar ine F isher ies Rev iew, vo l . 35 ,
no. 7, pp. 31-33.

Beefish patties were made by mixing deboned fish meat with
ground beef and seasonings, in varying proport ions. The
products were as acceptable as all-beef patt ies in appear¬
ance, odor, flavor, and texture in sensory eva luat ions.

King, Frederick J., Fred Heiligman, and Eugen Wierbicki.
1974. So lub i l i zed fish musc le as a food b ind ing mater ia l .
Marine Fisheries Review, vol. 36, no. 1, pp. 18-20.

The assumption that asolution of 3percent NaCl and 0.5
percent sodium tripolyphosphate (TPP) could be used with
minced fish muscle as an effective binder was tested experi¬
mentally. It was found to have greater adhesion to surfaces
of uncut muscle compared to acommercial starch-base binder
and to produce athinner, more flexible coating on fillet
p ieces than afish pas te b inder.

King, F. J., and J. J. Ryan.
Development of acolor measuring system for minced

M a r i n e F i s h e r i e s R e v i e w, v o l . 3 9 , n o . 2 , p p .
1977.
fi s h b l o c k s .
18 -23 .
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Asystem for color classification relative to the cate¬
gories of color styles in the present (1975) interim grade
standard proposed for minced fish blocks was discussed,
measuring system was based on areflectance spectrophotom¬
eter and Munsel1 neutral value standards.

T h e

A s e t o f c o l o r

pictures was included to illustrate what is measured by
t h e s e M u n s e l 1 s t a n d a r d s .

Koburger, John A., and Lloyd W. Regier.
1976. Sal t-minced cod: microbial considerations, pp. 556-

jn_ Bryant F. Cobb III and Alexandra B. Stockton, Pro¬
ceedings of the first annual tropical and subtropical fish¬
eries technological conference, vol. 2, Texas ASM University-
Sea Grant College, Publication No. TAMU-SG-77-IO5.

Minced flesh from headed, gutted, and filleted cod was
mixed with 35% salt, blended, and passed through astrainer
to obtain amoist cake. Regardless of the initial micro¬
bial count, there was approximately aten-fold reduction in
viable organisms following the period of salting and equili¬
bration, and afurther decrease in the number of microorga¬
nisms occurred during storage of the salt cake at 35“C.

Kreuzer, Rudo l f [ed . ] .
The t echno logy o f fi sh u t i l i za t i on .

(Books) Ltd., London, England, 282 p.
1965. Fishing News

International Symposium by FAO, Husum, Germany, May, 196 .̂
Sessions: Rigor Mortis -Problems related to the
ervation of fresh fish -Control of deteriorative changes
in frozen fish -Measuring the degree of freshness of fish -
Production and storage of fish protein concentrate -Dehy¬dration and canning of fish.

p r e s -

Kreuzer, Rudol f [ed. ] .
F reez ing and i r rad ia t i on o f fish .1969.

Ltd., London, England, 527 p.
Fishing News (Books)

FAO Technical Conference, Madrid, Spain, September, I967.
Six parts: Freezing fish at sea -Freezing and processing
frozen fish -Economics of producing and marketing frozen
fish products -The quality of frozen fish products and its
assessment -Storage, packaging and distribution of frozen
products -Preservation of fishery products by irradiation.
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Kreuzer, Rudol f [ed. ] .
1971. Fish Inspection and quality control. Fishing News
(Books) Ltd., London, England, 290 p.

FAO Technical Conference, Halifax, Canada, July, 1969.
Topics: The need for fish inspection -Fish inspection
programmes -Inspection of fish and fishery products -
Industr ia l and commercia l aspects of qual i ty contro l -
Methods of quality assessment -Hygienic and safety as¬
pects of quality control -Training in fish inspection and
quality control -International cooperation in the promo¬
t i o n o f q u a l i t y c o n t r o l .

Kreuzer, Rudolf [ed.].
1974. Fishery products. Fishing News (Books) Ltd., Surrey,
England, 462 p.

FAO Technical Conference, Tokyo, Japan, December, 1973.
Parts: T h e i n fl u e n c e o f t r a d i t i o n a n d c h a n g e - P r e s e n t
products and progress in techniques -Problems and trends
in the utilization of specific resources -Product devel¬
opment -Quality requirements in product development and
trade -Markets -Training in fish processing technology -
In te rna t iona l coopera t ion .

Kudo, George, Minoru Okada, and David Miyauchi.
1973. Gel-forming capacity of washed and unwashed flesh of

M a r i n e F i s h e r i e s R e v i e w,some Pacific coast species of fish,
vol. 35, no. 12, pp. 10-15.

Several species of Pacific Ocean fish were tested to deter¬
mine the gel-forming capacity of their proteins when pro¬
cessed into heat-pasteurized "Kamaboko." Lingcod, Pacific
cod, rockfish, and some sharks had good gel-forming prop¬
erties, while flounder, hake, and dogfish did not. Washing
the minced flesh removed some of the water-soluble proteins
and generally improved the gel-forming properties.

Lall, B. S., A. R. Manzer, and D. F. Hiltz.
1975. Preheat treatment for improvement of frozen storage
stability at -IOC in fillets and minced flesh of silver hake
(Merluccius bilinearis). Journal of the Fisheries Research
Board of Canada, vol. 32, no. 8, pp. 1450-1454.
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Preheating to 80°C greatly retarded dimethyl amine develop¬
ment in fillets and minced silver hake flesh during frozen
storage for 1month. Lipid hydrolysis (free fatty acid
accumulation) was arrested by preheating to 60®C, but was
little affected by preheating at temperatures up to ^5**C.

Learson, R. J., G. Reierstad, and V. G. Ampola.
The application of continuous centrifugation to seafood

Food Technology, vol. 27, no. 7, pp. 32-3^.

An experimental continuous centrifuge for meat and shell
separation was used to determine the meat recovery from
cooked crabs and lobsters, waste materials from crab pro¬
cess ing p lan ts , su r f c lam shuck ing p lan ts , and fish fi l l e t¬
ing operations. The centrifuge rotated in the range of 200-
800 rpm with apool of brine 1-3 cm deep held on the outside
o f t h e b o w l .

1972.
process ing.

Learson, R. J., B. L. Tinker, V. G. Ampola, and K. A. Wilhelm.
1976. Roller extraction of crab meat, pp. 62I-63O.
Bryant F. Cobb III and Alexandra B. Stockton, Proceedings of
the first annual tropical and subtropical fisheries techno¬
logical conference, vol. 2. Texas ASM University-Sea Grant
College, Publication No. TAMU-SG-77-IO5.

The concept of roller extraction of crab meat using the
dual cook procedure (precooking crab sections at arela¬
tively low temperature and finish cooking of extracted
meats in steam) was investigated for Atlantic crab species.
Red crab extraction was particularly successful. Blue crab
meat extraction by rollers also showed promise.

I n

Learson, R. J . , B. L. Tinker, and L. J . Ronsiva l l i .
Technical note: fish proteins as binders in pro-

Commercial Fisheries Review, vol.
1971.
cessed fishery products.
33, no. 2, pp. A6-5O.

Roll or loaf-type products and simulated crab meat were
developed using comminuted fish flesh as abinder,
was suggested that afish-protein binder could be used
effectively in development of formed fishery products
since it is economical to obtain and is reasonably stable
at both refrigerated and frozen temperatures.

I t
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Lee, Chong M., and Romeo T. Toledo.
1976 . Fac to rs a f fec t ing tex tu ra l charac te r i s t i cs o f cooked
comminuted fish muscle. Journal of Food Science, vol. 41,
no. 2, pp. 391-397.

The fac to rs a f fec t ing tex tu ra l charac te r is t i cs o f cooked
c o m m i n u t e d fi s h m u s c l e t h a t w e r e i n v e s t i g a t e d i n c l u d e d
time of comminution, presence of NaCl or NaCl and poly¬
phosphates, effect of mechanical deboning, cooking temper¬
ature, and type of heating medium used.

L e e , C . M . , a n d R . T. To l e d o .
1977.
and storage with emphasis on l ipid oxidation.
Food Science, In press, 4p.

Deteriorat ion of mechanical ly separated fish flesh as mea¬
sured by extent of lipid oxidation and color change was
s t u d i e d . P a r a m e t e r s s t u d i e d i n c l u d e d c o n t a c t w i t h i r o n
surfaces, mechanical stress applied to muscle during de¬
boning, temperature of deboning drum, washing of deboned
fish flesh, and post-deboning treatments (including addi¬
t ion o f an t ib io t ic , sparg ing w i th n i t rogen gas, cook ing ,
freezing, and thawing).

Degradation of fish muscle during mechanical deboning
J o u r n a l o f

Legendre, R., and C. Hotton.
1975. Separat ion of flesh and bones from fish. Environment
Canada, Fisheries and Marine Service, Halifax Laboratory New
S e r i e s C i r c u l a r N o . 5 0 , 9 p .

Recovery of relatively large amounts of additional edible
fish muscle is possible with the mechanical separation of
flesh and bones. General appearance and storage properties
of the minced flesh are improved by prior removal of back¬
bone and washing of minced product.

Love l l , R ichard T. , and Kathr ine Apol inar io .
1976. Yie ld and qual i ty of mechanical ly separated flesh
from several species of cultured freshwater fish, pp. 565-
584. J_n Bryant F. Cobb III and Alexandra B. Stockton, Pro¬
ceedings of the first annual tropical and subtropical fisher¬
ies technological conference, vol. 2. Texas ASM University-
Sea Grant College, Publication No. TAMU-SG-77-105.
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Buffalofish and t l lapia, grown in combinat ion wi th channel
catfish, were mechanical ly deboned along with the catfish.
Yields in percentage of whole fish were 50.5 for buffalo-
fish , 39 .7 f o r t i l ap ia , and 43 -7 f o r channe l ca t fish . P rop¬
er quality control measures and removal of dark pigments
before process ing he lped to insure y ie lds o f flesh s l igh t ly
darker than that in most ocean fish, but wi th ami ld flavor
q u a l i t y .

Mart in , Roy E. [ed. ] .
1972 . Mechan ica l recove ry and u t i l i za t i on o f fish flesh .
O a k B r o o k s e m i n a r . N a t i o n a l F i s h e r i e s I n s t i t u t e , W a s h i n g t o n ,
D . C . , 2 7 0 p .

Seminar by National Fisheries Inst i tute and National Marine
Fisher ies Service, Oak Brook, I l l inois, September, 1972.
Sessions: Cur ren t techn ica l s ta tus -Commerc ia l l y ava i l¬
able equipment -Why the cod shortage and what are the
a l t e r n a t i v e s ? - Q u a l i t y, c l a s s i fi c a t i o n , d e s i g n a t i o n , l a b e l ¬
ing and market ing -Products demonstra t ion -Product in for¬
m a t i o n a n d t y p i c a l f o r m u l a s .

Mart in , Roy E. [ed. ] .
I97A. Second technical seminar on mechanical recovery and
u t i l i z a t i o n o f fi s h fl e s h , B o s t o n , M a s s a c h u s e t t s . N a t i o n a l
Fisher ies Inst i tute, Washington, D. C. , 318 p.

Seminar by National Fisheries Inst i tute and National Marine
Fisheries Service, Boston, Mass., June, 197^* Sessions:
Summary of deliberations on minced fish at FAO technical
conference in Tokyo -Current technica l s ta tus -Commerc ia l¬
ly available equipment -Update of technology and indus¬
t r ia l app l i ca t ion -Produc ts demonst ra t ion -Economic and
marke t ing cons idera t ions -S tandard iza t ion , qua l i t y assur¬
a n c e a n d n o m e n c l a t u r e .

M a r t i n , R o y E .
1976. Meehanica l ly -deboned fish flesh,
vol. 30, no. 9» pp. 6A-7O.

Food Technology,

Y i e l d s , p r o p e r t i e s , q u a l i t y s t a n d a r d s , p r o c e s s i n g c o n s i d ¬
erat ions, current and potential markets, and uses of minced
fi s h w e r e d i s c u s s e d .
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Mende lsohn, J . M.
197^3. Astudy: expanded processing techniques, production
costs, and market survey of underut i l ized fish species. U. S.
Department of Commerce, Economfc Development Administration,
Technical Assistance Project No. 01-6-09131“2, 51 p.

Laboratory processes used in aprevious study (a study to
develop new products from whit ing or other underuti l ized
species) for prepar ing sal t -cured fish and convenience-
type products (such as cakes, portions, puffs, logs and
sticks) were scaled-up, production costs were estimated,
and alarge-scale marketing study was conducted on fish
c a k e s .

Mende lsohn, J . M.
197^b. Minced fish in anew form. Mar ine Fisher ies Review,
vol. 36, no. 8, pp. 3^"36.

R e s u l t s f r o m a m a r k e t s u r v e y s h o w e d t h a t m i n c e d fi s h i n o n e -
p o u n d b l o c k s i s a h i g h l y a c c e p t a b l e m a r k e t f o r m .

M e n d e l s o h n , J . M . , T. J . C o n n o r s , a n d J . G . C a l I a n .
1 9 7 7 . A m a c h i n e f o r h e a d i n g a n d e v i s c e r a t i n g s m a l l fi s h .
Marine Fisheries Review, vol. 39, no. 2, pp. 11-18.

A c o m m e r c i a l fi s h e v i s c e r a t i n g m a c h i n e m o d i fi e d t o a u t o ¬
mat ical ly head, eviscerate, and c lean whi t ing, Mer luccius
b i l l n e a r ! s , a n d s i m i l a r l y s h a p e d s p e c i e s w a s d i s c u s s e d ;
photographs accompanied the text. Machine wil l process
about 60 fish per minute, each weighing between 1/A and
1-1/2 pounds. Cleaned fish (butterf1ied, backbone remain¬
ing) can be battered and breaded and deep-fried or directly
p r o c e s s e d i n t o m i n c e d fi s h .

Miyauchi, David, George Kudo, and Max Patashnik.
1 9 7 3 - S u r i m i — a s e m i - p r o c e s s e d w e t fi s h p r o t e i n . M a r i n e
F i s h e r i e s R e v i e w, v o l . 3 5 , n o . 1 2 , p p . 7 ~ 9 -

B y b e i n g p r o c e s s e d i n t o s u r i m i , fi s h m u s c l e p r o t e i n r e t a i n
f o r a l o n g e r t i m e t h e f u n c t i o n a l p r o p e r t i e s r e q u i r e d f o r
making good "kamaboko" and fish sausages. The preparation
p r o c e d u r e a n d f a c t o r s a f f e c t i n g q u a l i t y o f s u r i m i w e r e
d e s c r i b e d .
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M i y a u c h i , D . , G . K u d o , a n d M . P a t a s h n i k .
1977. Effect of processing var iables on storage character¬
is t ics of f rozen minced Alaska pol lock. Mar ine Fisher ies
Review, vol . 39, no. 5, pp. 11-H.

Compar ison was made o f p reserva t ion methods used to ho ld
fish prior to processing [in ice, slush ice or refrigerated
sea water]. Washing of minced pollock flesh improved color
bu t no t flavor o r tex tu re . The b land flavor and s t r i ngy -
tough texture of frozen minced pollock promote its use as
a n e x t e n d e r i n p r o c e s s e d m e a t p r o d u c t s .

Miyauchi, David, Max Patashnik, and George Kudo.
1975. Frozen storage keeping qual i ty of minced black rockfish
(Sebastes spp.) improved by cold-water washing and use of fish
binder. Journal of Food Science, vol . 40, no. 3, pp. 592-59^.

B o t h fi l l e t a n d m i n c e d m u s c l e b l o c k s o f b l a c k r o c k fi s h h a d
storage lives at -18°C of less than kmonths owing to ran¬
c i d fl a v o r s a n d d i s c o l o r a t i o n . M i x i n g a fi s h b i n d e r w i t h
minced muscle provided longer storage l i fe for modified
fish blocks (8 to 12 months), and washing the minced muscle
i m p r o v e d c o l o r a n d fl a v o r .

Miyauchi, David, and Maynard Steinberg.
1970. Mach ine separa t ion o f ed ib le flesh f rom fish . F ishery
Indust r ia l Research, vo l . 6 , no. A, pp. I65- I7 I .

Aflesh-separat ing machine which economical ly increases
yields of edible flesh (37"60%), with such mechanizat ion
leading to ut i l izat ion of undeveloped fisher ies and indus¬
tr ia l fisher ies as sources of food, was descr ibed.

Moledina, K. H., J. M. Regenstein, R. C. Baker, and K. H.
S t e i n k r a u s .

1 9 7 7 a . E f f e c t s o f a n t i o x i d a n t s a n d c h e l a t o r s o n t h e s t a b i l ¬
ity of frozen stored mechanically deboned flounder meat from
racks after filleting. Journal of Food Science, vol. ^2,
no. 3, pp. 759-76^.

The most effective treatment to retard rancidity, color
deterioration, and the decrease of protein extractabi1ity
in mechanically deboned flounder meat during frozen stor¬
age was a1minute dip of the racks, prior to deboning, in
apH 4.5 solut ion of 0.5% each of ascorbic and citr ic acids
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and 0.2^ each of Na, EDTA and Kena (Calgon), followed by a
post debonlng addit ion of 0.3^ each of ascorbic and citr ic
acids and 0.2% each of Kena and Na^ EDTA.

Moledlna, K. H., J. M. Regensteln, R. C. Baker, and K. H.
S t e i n k r a u s .

1977b* Aprocess for the preparat ion of dehydrated sal ted
flsh-soy cakes. Journal of Food Science, vol . A2, no. 3,
pp. 765-767*

Amethod for producing adehydrated, sa l ted fish-soy pro¬
duct from mechanically deboned flounder meat from headed
and gutted fish frames was developed. The meat was mixed
with salt (30% of the meat weight) and soybean curd (20%
of the meat weight).

Morehead, Bruce C.
1974.
comminuted fish cake survey.
36, no. 5, pp. 34-37*

Areport on the Nat ional Mar ine Fisher ies Service
M a r i n e F i s h e r i e s R e v i e w, v o l .

Survey was aimed at the food service industry, in-plant
feeders, hospi ta ls , un ivers i t ies , and school lunch pro¬
grams. For ty - three percent o f a l l respondents ind icated
a w i l l i n g n e s s t o b u y t h e p r o d u c t , t h o s e e s t a b l i s h m e n t s
without pr ior experience with fish cakes react ing more
favorab ly to the flavor than o the rs . Ra t ings fo r tex tu re ,
h o w e v e r , w e r e l o w e r t h a n t h o s e f o r fl a v o r .

Mo r r i s , D . M . , and L . E . Dawson .
1977* Storage s tab i l i ty o f mechanica l ly deboned fish flesh.
Paper presented at the 37th Annual Meeting of the Institute
of Food Technologis ts , Phi ladelphia, Pa. , June 5"8. Abst ract
o n l y .

Acommercial NaCl-Na tripolyphosphate preparation was the
m o s t e f f e c t i v e a n t i o x i d a n t i n s t o r i n g m e c h a n i c a l l y d e b o n e d
mullet at -18®C for 12 months. Vacuum packing of raw pat¬
t ies improved l i p id s tab i l i t y, p recook ing inc reased s tab i l¬
i t y espec ia l l y w i t h ab inde r p resen t , amonog l yce r i de fi lm
was detrimental to product appearance, and the NaCl-Na tri-
polyphosphate antioxidant minimized flavor changes during
s t o r a g e .
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Nakayama, T., and M. Yamamoto.
1977* Physical, chemical and sensory evaluat ions of frozen-
stored deboned (minced) fish flesh. Journal of Food Science,
vol. 42, no. 4, pp. 900-905.

C h a n g e s I n T B A v a l u e s , t e x t u r e , c o l o r , t a s t e a n d o d o r w e r e
monitored at monthly Intervals In samples of deboned flesh
from underuti l ized fish species and stored at -20“C over a
6-month period. Surface TBA values tended to Increase
s tead i ly, then dec l ine a f te r 4or 5months , wh i le core TBA
values remained relatively constant for most species exam¬
ined; core TBA values were always substantially lower than
surface TBA values In all samples.

N a t i o n a l M a r i n e F i s h e r i e s S e r v i c e .

1975. Frozen minced fish blocks, proposed Interim grade
standards. Dept, of Commerce, 50 CFR Part 278, Federal
Register 40 (50): 11729, March 13.

A s a r e s u l t o f t h e t w o t e c h n i c a l s e m i n a r s h e l d a n d t h e
research and qual i ty studies completed to this date, the
N a t i o n a l M a r i n e F i s h e r i e s S e r v i c e b e l i e v e d s u f fi c i e n t

Information was then available on which to base Proposed
I n t e r i m S t a n d a r d s f o r G r a d e s o f F r o z e n M i n c e d F i s h B l o c k s .

Newman, D. A.
1976. Reforming of fish products with texture from frozen
fish—the Comitrol flake cutting system, pp. 31“33. Jjl
James N. Keay [ed.] Conference: the production and utili¬
sat ion o f mechan ica l ly recovered fish flesh (minced fish) ,
1976, proceedings. Ministry of Agriculture, Fisheries and
Food, Torry Research Station, Aberdeen.

An a l ternat ive method of comminut ing flnflsh and shel lfish
flesh to un i fo rm ly th in par t i c les , o r flakes , was desc r ibed .
The texture in each flake was retained, and the resultant
reformed products had atexture more closely resembling
fi s h fl e s h .

N i s c o l o , W i l s o n , a n d H i l m e r A . F r a n k .
Bacter ia l spoi lage of kamaboko dur ing refr igerated

storage. Food Technology, vol . 20, no. 7, pp. 114-117.

Studies done at the University of Hawaii on kamaboko during
ref r igera ted s torage ind icated presence o f v is ib le s l ime
when sur face microflora concent ra t ion reached 5x107

1966.
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At 10®C, slime appeared after 5“6 days;p e r s q . i n .
spoi lage was delayed for 3addit ional days by lowering
the storage temperature to 5“C.

N o b l e , J i m .
1972. Wastefu l processing robs producer of profits, the
wor ld of nut r ients . The F ish Boat , vo l . 17, no. 8 , pp.
39-^1, 6^-65.

P r o c e s s i n g a t s e a a n d m o r e e c o n o m i c a l p r o c e s s i n g i n g e n e r a l
w e r e d i s c u s s e d a s t h e y r e l a t e t o t h e n e e d f o r i n c r e a s i n g
p r o d u c t i v i t y o n a n i n t e r n a t i o n a l s c a l e .

Okada, M.
1967. E f f e c t o f s o d i u m c i t r a t e o n t h e k e e p i n g q u a l i t y o f
f rozen sur imi ( f rozen fish paste) , pp. 312-314.
Kreuzer [ed.] Freezing and irradiation of fish, 1^9.
ing News (Books) Ltd., London, England.

I n R u d o l f
Fi sh¬

it was found that the reason salted surimi (cold-water
washed, crushed fish meat ground with 3percent sodium
chloride and 10 percent sugar to sticky paste) could not
be used for kamaboko after 4or 5months' storage at -25°C
was because of the je l l ing of the myofibr i l lar prote ins and
t h a t t h e a d d i t i o n o f s o d i u m c i t r a t e i n c o m b i n a t i o n w i t h s u g ¬
ar s ignificant ly improved the keeping qual i ty of the product
b y r e t a r d i n g t h i s J e l l i n g a c t i o n .

Okada, Minoru, David Miyauchi, and George Kudo.
1973* "Kamaboko"—the giant among Japanese processed fishery
products. Marine Fisheries Review, vol. 35, no. 12, pp. 1-6.

In 1970, over 1mil l ion metric tons of "Kamaboko"-type pro¬
ducts were produced in Japan. To make "Kamaboko," the fish
muscle is separated mechanically from skin and bones, washed,
and mixed with other ingredients while being ground into a
sticky paste, which is then shaped and heat-pasteurized. The
a u t h o r s d e s c r i b e d t h e m a n u f a c t u r i n g p r o c e d u r e a n d f a c t o r s a f ¬
fect ing the qual i ty of "Kamaboko."

Okada , M. , and E . Noguch i .
1 9 7 3 . T r e n d s i n t h e u t i l i z a t i o n o f A l a s k a p o l l o c k i n J a p a n ,
pp. I89-I93. j_n_ Rudolf Kreuzer [ed.] Fishery products, 1974.
Fishing News (Books) Ltd., Surrey, England.
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The annual catch of Alaska pollock by Japan increased
remarkably since early I960, reaching 2,360,000 tons in
1970, and was accompanied by an expansion of the utili¬
z a t i o n o f t h i s fi s h . T h e c h e m i c a l c h a r a c t e r i s t i c s a n d
keeping quality of the species were given. Many cured
products from Alaska pollock were l isted, and the im¬
portance of the species as mater ia l for fish j ’e l ly pro¬
d u c t i o n w a s e x a m i n e d .

Ou-Yang, M., W. W. Meinke, and K. F, Mattil.
1977.
of fish sticks prepared from TSP minced flesh,
sented at the 37th Annual Meeting of the Institute of Food
Technologists, Philadelphia, Pa., June 5“8, 23 p.

Textured soy flour (TSP)-supplemented minced flesh was
f o r m u l a t e d i n t o b a t t e r e d a n d b r e a d e d fi s h s t i c k s . C o n t r o l
of moisture and TSP contents of the minced flesh/TSP blends
was of chief concern from sensory, compositional, and nu¬
t r i t i o n a l v i e w p o i n t s . T h e b l e n d e d fi s h s t i c k s e x h i b i t e d
protein efficiency ratios (PERs) significantly better than
casein and equal in PER to original minced flesh.

Composit ion, nutr i t ive value and sensory evaluat ion
P a p e r p r e -

Park, E. Y., A. L. Branen, C. J. Brekke, and J. V. Spencer.
1 9 7 7 * U s e o f P a c i fi c h a k e i n a f r a n k f u r t e r f o r m u l a t i o n .
Paper presented at the 37th Annual Meeting of the Institute
of Food Technologists, Philadelphia, Pa., June 5-8, 13 p.

Resul ts indicated that an acceptable f rankfur ter could be
p r e p a r e d w h e n u p t o fi l l e t o r m i n c e d fl e s h o f P a c i fi c
hake (Merluccius productus) was used to replace the "meat"
p o r t i o n o f t h e f o r m u l a t i o n . S o m e o d o r a n d fl a v o r d i f ¬
ferences between products with 0^ hake and 15% hake were
detected, however, after 5weeks of refrigerated storage.

Patashnik, M., G. Kudo, and D. Miyauchi.
Smooth, white spread from separated fish flesh forms

F o o d P r o d u c t D e v e l -
1973.
abase for flavored d ips, snack i tems,
opment, vol. 7, no. 6, pp. 82-91.

Wet comminuted fish muscle has excellent functional f
erties and can therefore compete with other proteins In
f a b r i c a t e d f o o d s .

p r o p -
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Patashnik, M., G. Kudo, and D. Mfyauchi.
1974. Bone parttcle content of some minced fish muscle
products. Journal of Food Science, vol. 39, no. 3, PP* 588-
591.

The gravity-flotation metKod was used as an objective
determinat ion o f bone par t ic le content . I t appeared
to be more discriminatory than sensory evaluation, and
was therefore recommended as aqual i ty control tool.

Patashnik, Max, David Miyauchi, and George Kudo.
1976. Object ive evaluat ion of texture of minced black
rockfish (Sebastes spp. ) dur ing f rozen s torage. Journa l
of Food Science, vol. Vl, no. 3, PP* 609“6ll.

Objective measurements (shear values and drip loss) were
made to characterize changes in texture of frozen binder-
modified blocks of minced black rockfish as part of a
continuing study. The effect of variation in water con¬
tent on sensory texture scores of washed-modified blocks
w a s a l s o d e t e r m i n e d .

Poulter, R. G., and J. G. Disney.
1977. Development of novel products from tropical fish
species, p. 6. jjT_ Abstracts of the second annual tropical
and subtropical fisheries conference of the Americas. Texas
A&MUni versity-Sea-Grant College, Publication No. TAMU-SG-
7 7 - 1 1 2 . A b s t r a c t o n l y .

Amethod for manufacturing salt/fish cakes from four species
of mechanically separated waste fish, with the optimum added
salt content being between 10 and 15%, was described. Lit¬
tle chemical or microbiological change was detected in cakes
stored at ambient temperatures (20-25“C) for 6months.

Raccach, M., E. J. Mulnix, R. C. Baker, L. R. Helwig, and J. M.
R e g e n s t e i n .

1977. Microbial properties of mechanically deboned fish
flesh. Paper presented at the 37th Annual Meeting of the
Inst i tu te of Food Technologis ts , Phi ladelphia, Pa. , June
5 - 8 . A b s t r a c t o n l y.

Mechanically deboning fish of different species increased
the microbial count by two to tenfold. The shelf life of
the minced fish at 2® and 12"C was 5gand 3days respective¬
ly w i th to ta l coun ts o f I .O-5 .O x10 per g ram. Frozen
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storage at ~25®C up to 4months caused adecrease in the
microbial count by 50-90^. Mechanical ly deboned fish
thawed to 2®C at 4.4**, 23®, and 38®C all had the same
fi n a l t o t a l c o u n t .

R a s e k h , J . , a n d A . M e t z .
1973 . Ac id p rec ip i t a ted fish p ro te in i so la te exh ib i t s good
funct ional proper t ies. Food Product Development , vo l . 7 ,
no. 8, pp. 18-24.

Amethod to produce afish prote in iso la te wi th good
func t iona l p roper t ies was deve loped. The iso la te 's
physical , chemical , and organolept ic propert ies were
de te rmined . The i sopropy l a lcoho l ex t rac ted i so la te
was white and contained more than 90 percent protein.

Rasekh, Jamshyd, Virginia Sidwell, and Melvin Waters.
1976. The effect of washing on color and texture of minced
croaker, pp. 585-586. _[£ Bryant F. Cobb III and Alexandra
B. Stockton, Proceedings of the first annual t ropical and
sub t rop i ca l fishe r ies techno log i ca l con fe rence , vo l . 2 .
Texas ASM Univers i ty-Sea Grant Col lege, Publ icat ion No.
TAMU-SG-77-105.

The color of minced croaker was improved by washing the
minced flesh with cold tap water, the largest increase in
l igh tness be ing a f te r the fi rs t wash w i th 2par ts wate r
and 1par t fish . No s ign i fican t change occu r red i n the
total microbial count of the samples during washing and
a f t e r s t o r a g e .

Rasekh, Jamshyd, Melvin Waters, and Virginia Sidwell.
1977- The effect of frozen storage on the funct ional and
organoleptic properties of minced fish made from several
underuti l ized species harvested from the Gulf of Mexico, p.
13. j_n Abstracts of the second annual tropical and sub¬
t rop ica l fishe r ies con fe rence o f t he Amer i cas . Texas ASM
University-Sea Grant College, Publication No. TAMU-SG-77-112.

Av e r a g e T B A n u m b e r s o f a l l s i x s p e c i e s w e r e b e t w e e n 3 a n d
5(mg/kg) except for mullet and cutlassfish which increased
to above 8after the second month of storage (at -10®C).
Shear values, water holding capacity, and cooking loss in¬
creased for a l l species dur ing storage, whi le color d id not
change very much. Taste panel results showed that croaker,
whit ing, and trout were acceptable even after 9months of
s t o r a g e .
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Rav!chander» N., and J. N. Keay.
1976. The production and properties of minced fish from
several commercial ly important species, pp. 18-24. In James
N. Keay [ed.] Conference: the production and utilisation of
mechanical ly recovered fish flesh (minced fish), 1976, pro¬
ceed ings . Min is t ry o f Agr icu l tu re , F isher ies and Food, Tor ry
R e s e a r c h S t a t i o n , A b e r d e e n .

Yields were determined on six fractions (fillet, trimmings,
frame, backbone, head, and skin) from cod, haddock, sal the,
plaice, herr ing, and mackerel, commercial ly important spe¬
cies in the UK. Washing methods, color masking methods, and
bleaching methods were used to help lighten the color of
m i n c e s f r o m f r a m e s a n d b a c k b o n e s o f t h e l e a n fi s h . F i s h
fingers prepared from samples of mince from various mixed
species (with or without NaCl to effect textural changes)
were assessed by taste panel and instrumental method.

R e k h i n a , N . I .
1973 .
sumption, pp. 295-296.
ducts, 1974.

T h e u s e o f fi s h o f l o w e r m a r k e t v a l u e f o r h u m a n c o n -

_ln_ Rudolf Kreuzer [ed.] Fishery pro-
Fishing News (Books) Ltd., Surrey, England.

It was stated that in the U.S.S.R., Alaska pollock, Caspian
k i lka , cape l in , ha i r ta i l , and some others were In l imi ted
demand a l though the i r flesh is o f fa i r l y h igh nu t r i t i ve va l¬
ue. The ut i l izat ion of these species was being developed
along three main lines: frozen fish minces (pastes), pro¬
tein hydrolyzates, and fish protein powder (FPP).

R o n s i v a l l i , L . J .
1976. The role of fish In meeting the world's food needs.
Marine Fisheries Review, vol. 38, no. 6, pp. I-3.

A n a s s e s s m e n t o f t h e w o r l d ' s f o o d s i t u a t i o n a n d t h e a v a i l ¬

able supply of marine resources was made. The two basic
types of meat recovery machines were described.

S e l i g s o h n , M e l v i n R .
1974. Food from the sea: w a v e o f t h e f u t u r e ? F o o d E n ¬
gineer ing, vol . 46, no. 6, pp. 57“59.

D o m e s t i c o b s t a c l e s t o i m a g i n a t i v e d e v e l o p m e n t s w i t h fi s h
a n d o t h e r m a r i n e l i f e a s a p o s s i b l e p r o t e i n s o u r c e w e r e
discussed. Deboning was seen as asensible way to take
advantage of the sea's resources. Four fish deboners were
f e a t u r e d .
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Silbersteln, D. A., and D. A. Lillard.
1977.
mechanically deboned fish.
Annual Meeting of the Institute of Food Technologists,
Philadelphia, Pa., June 5-6. Abstract only.

Samples of mullet exhibited higher total pigment concen¬
trations after being mechanically deboned as opposed to
similar samples which were hand deboned.
c r e a s e w a s

s t i t u e n t .
be tween the samp les .

Factors affecting the autoxldatlon of lipids in
Paper presented at the 37th

The major In¬
in the hemoglobin fraction of the pigment con-
Free fa t ty ac id composi t ions a lso d i f fered

Soo, H. M., M. Costello, and E. H. Sander.
1976. Formulation of an intermediate moisture, shelf stable
minced fish stick. Paper presented at the 36th Annual Meeting
of the Inst i tute of Food Technologists, Anaheim, Cal . , June
6 - 9 . A b s t r a c t o n l y.

Minced blue whiting fish, textured soy protein, and other
ingredients were mixed to formulate afish stick composition
which was extruded into stick shapes, battered, breaded, and
deep-fat fried. Chemical and physical changes were eval¬
uated during 12-weeks storage and were shown not to affect
fi s h s t i c k a c c e p t a b i l i t y .

Soo, Hong-Ming, and Eugene H. Sander.
1977. Prediction of sensory response to textural parameters
of breaded shrimp shapes using Instron texture profile anal¬
ysis. Journal of Food Science, vol. ^2, no. 1, pp. I63-I67.

Amethod for objective measurement of textural parameters
of fabricated comminuted shrimp-binding matrix agent mix¬
tures using the universal testing machine (Instron) was
developed. An abbreviated Instron texture profile anal¬
ysis of fabricated cooked shrimp patties was used to pre¬
dict sensory textural scores on subsequent mechanically
extruded shrimp shapes.

S o r e n s e n , To r b e n .
1975. The assessment of the textura l character is t ics of
separated fish mince by objective measurements. Paper,
Techno log ica l Labora to ry, M in is t ry o f F isher ies , Techn ica l
University, Lyngby, Denmark, 15 p.
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The binding strength was evaluated from the elasticity
(Young Modulus) and the breaking stress of tKe samples.
An organoleptic texture assessment scheme, developed
independently and defining structural characteristics
of heat gelled fish mince in aseries of fundamental
te rms , was used .

S o r e n s e n , To r b e n .
’976a. Relationship between rigor mortis and changes which
occur during the storage of frozen fish mince. Paper, Tech¬
nological Laboratory, Ministry of Fisheries, Technical Uni¬
versity, Lyngby, Denmark, k2 p.

Work was undertaken to find if rigor mortis, or freshness
of the fish before processing, was in any way related to
the change in texture and extractable protein which takes
place in frozen mince. The effect of adding sugars and
phosphates was also investigated.

S o r e n s e n , To r b e n .
1976b.
Paper, Technological Laboratory, Ministry of Fisheries, Tech¬
nical University, Lyngby, Denmark, 20 p.

Protective effects of additives such as soya protein, dex¬
trose, sodium alginate, polyphosphate, and sodium pyruvate
were eva lua ted exper imenta l l y. De te r io ra t i ve e f fec ts found
in separated mince were compared to changes which occur in
frozen fish fillets and belly flaps.

Effect of additives in frozen separated fish mince.

S o r e n s e n , To r b e n .
1976c. Effect of frozen storage on the functional properties
of separated fish mince, pp. 56-65. jn^ James N. Keay [ed.]
Conference: the production and utilisation of mechanically
recovered fish flesh (minced fish), 1976, proceedings. Min¬
istry of Agriculture, Fisheries and Food, Torry Research Sta¬
t i o n , A b e r d e e n .

It was concluded that the effects of frozen storage
unacceptable. Frozen mince became tough and rubbery and
had poor binding propert ies due to the loss of extractable
protein. The addition of sugars aided in retaining
of the properties, but they were only effective at moder¬
ately high concentrations. Although phosphates have been
shown to enhance water-holding capacity, this work showed
that they increased the loss of extractable protein.

w e r e

s o m e
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Heating the mince prior to freezing has been found to be
most effective in reducing the changes occurring during
f r o z e n s t o r a g e .

Sp ine l l i , J . , B . Koury, H . Gron inger, J r. , and R . M i l l e r.
1977- Expanded uses for fish protein f rom underut i l ized
species. Food Technology, vol. 31» no. 5, pp* 184-187.

M i n c e d fi s h m u s c l e w a s p r o c e s s e d b y m i x i n g i t w i t h 0 . 5 %
sodium chloride and 2Z sodium tripolyphosphate and then
app ly ing the mix tu re d i rec t l y on to adrum dryer. The
invest iga tors be l ieved that w i th i ts h igher pro te in con¬
t e n t a n d n u t r i t i o n a l s u p e r i o r i t y t o c e r e a l p r o t e i n s , d r u m -
d r i e d fi s h c o u l d , c o m p e t e e c o n o m i c a l l y i n t h e m e a t - e x t e n d e r
m a r k e t .

S tone , W. E . , and W. A . Gou ld .
1977 . Deve lopment o f afish s t i ck p roduc t u t i l i z ing Lake
Erie freshwater drum. Paper presented at the 37th Annual
Meet ing of the Inst i tu te of Food Technologis ts , Phi ladelph ia,
Pa., June 5-8, 21 p.

The underut i l ized freshwater drum (Aplodinotus grunniens)
w a s c o m m i n u t e d a n d i n c o r p o r a t e d w i t h s e v e r a l o t h e r I n g r e ¬
d i e n t s , I . e . , p o t a t o , f o r m e d i n t o fi s h s t i c k - t y p e p o r t i o n s ,
and prepared as are convent ional fish st ick products. Eval¬
u a t i o n s h o w e d t h a t t h e y w e r e c o m p a r a b l e i n a c c e p t a n c e t o
s e v e r a l c o m m e r c i a l fi s h s t i c k p r o d u c t s .

S u t e r , D w a y n e A . , a n d K a t i e E . J . H a r t .
1976. Selected textura l proper t ies of cooked minced At lant ic
cutlass fish sticks, pp. 602-618. J_n^ Bryant F. Cobb III and
A l e x a n d r a B . S t o c k t o n , P r o c e e d i n g s o f t h e fi r s t a n n u a l t r o p ¬
ica l and sub t rop ica l fisher ies techno log ica l con fe rence , vo l .
2 . Te x a s A S M U n i v e r s i t y - S e a G r a n t C o l l e g e , P u b l i c a t i o n N o .
TAMU-SG-77-105.

C o m p a r i s o n s o f c o o k e d m i n c e d fi s h s t i c k s f r o m A t l a n t i c c u t ¬
l a s s , a " t r a s h fi s h , " w i t h c o o k e d c o m m e r c i a l g r a d e m i n c e d
c o d fi s h s t i c k s i n d i c a t e d ( a ) a s i g n i fi c a n t d i f f e r e n c e b e ¬
tween th ickness o f cod and cut lass fish s t icks , (b) a larger
fo rce -de fo rma t i on ra t i o f o r cu t l ass fish s t i cks , and ( c )
K r a m e r S h e a r P r e s s c e l l w a s f o u n d t o p r o v i d e m o r e I n d i c a t o r s
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