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0 INTEREST in the recovery and 
& h t i o n  of minced fish flesh 
haeased dramatically during the 
w l y  1970s (King and Carver, 1970; 
hfiyuachi and Steinberg, 1970; 
Crawford et al., 1972). Five major 
conferences specifically devoted to 
tbc subject of mechanical separa- 
tion and utilization Dotential of 
&ked fish have been held since 
1972 iMartin. 1972: Martin. 1974: 
Kreuzer. 1974; Con&ell, 1979; Mar- 
tin. 1982). University, state, and 
federally supported researchers 
have demonstrated at  these confer- 
ences that minced fish can be suc- 
a s s fu ly  used -directly in various 
food systems and in a physically or 
chemically altered form to produce 
u1 array of nutritional and func- 
tional products (Spinelli and Das- 
tow. !982; Grantham, 1981; Suzuki, 
1981). 

Uses of Minced Fish 
The industry already has in the 

marketplace many tons of minced 
6ab blocks which are being cut into 
E& sticks and (Martin, 

is enerally recognized 
hat a mincef fish block is more 
rtgeeptibie to the effects of storage 
toaditions than a fillet block. Lam- 
k t e d  blocks of fillets and evenly 
+ed minced fish in which the 
Uced fish originates from fillet 
‘Jbmings (such as V-cuts) have 
P h i  acceptance by US. produc- 
Ln of sticks and portions (King, m). Lamination represents a 
ptater use of fish as food. Babbitt 

(1984) reported that nearly 
33% of the weight of headed and 
W t k i  pollock could be recovered 
E filleta using a mechanical me t -  
h machine (Fig. 1). An additional 
h% could be recovered as mince 
brim the fillet trimmings and back- 

by mechanical mincing (fillet 
22%; backbone 12%): - 

Reprocessing of Pollock 
184 Ib Frozen. HEG 

176 Ib Thawed 
1 

1 
Mechanical Filleter 

Fillet @ Skin // Trimmings \\ Backbones Waste 
5.4 Ib 78.9 Ib 57.7 Ib 34.0 Ib 

I I I 
I I .  

Skinning E Ya”ag1ya Yanagiya 
Trimming 

Fillet Waste 
57.4 Ib 21.5 Ib 39.2 Ib 14.5 Ib 

L 
Mince Waste 
20.8 Ib j0 .4  Ib 

L 
Mince Waste 

J. 

Fig. 1-Recoveries obtained from the reprocessing of pollock (Wabbitt et ai.. 19841 

However, if laminated blocks con- 
tain too much minced fish, the 
changes in texture or in flavor are 
especially noticeable (Table 1). 

The results shown in Table 1 
indicate that the quality and 
changes occurring during frozen 
storage in blocks prepared from 
chopped fillets were similar to that 
of conventional fillet blocks. How- 
ever, there were changes in texture, 
flavor, and color of minced- fish 
blocks. What is important is that 
chopping the fillets and randomly 
packing them into fish blocks to 
Facilitate handling did not aEect 
the stability of the fish tissue dur- 
ing frozen storage or the desirabili- 
ty of the portion compared to a 
portion prepared from the tradi- 
tionally layer-packed fillet block. 
Also, an acceptable product can be 
made by the addition of 20% mince 
to fillet blocks. Laminated cod 
blocks, containing up to 10% (Unit- 
ed Kingdom) or 12-14% (Norway) 

The author is Laboratory Director with the 
National Marine Fisheries Service. P.O. Box 
1638. Kodiak, AK 99615 

evenly distributed minced fish have 
been acceDted’ in the marketplace 
(King, 197%. 

A recently completed study (AE- 
nello, 1983) to incorporate minced 
fish directly into food systems 
examined the economic potential 
for utilizing minced fish in the pro- 
duction of hot dogs and other 
cooked sausage products. Since the 
U S .  Department of Agriculture 
(USDA) establishes identity stan- 
dards for hot dogs, the potential 
utilization of minced fish in prod- 
ucts labeled hot do would re uire 
USDA approval. T r e  U.S. fis%ng 
industry would benefit with the 
opportunity for wider use of under- 
utilized species through expanded 
markets, while the food industry 
would benefit from more flexibility 
with respect to cost and nutritional 
and functional formulations for 
cooked sausage products. 

Properties of Minced Fish 
Undoubtedly, the inherent value 

of minced fish is its unique texture- 
forming properties that make it 
such an excellent base for manufac- 
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Suitability of Seafood Species (continued) 

. Table l-DesirabiIity, Color. Flavor. end Texture of frkd breadedpollock p0rr;ons over a period Of rime' lBabbiff el ai.. 
79841 

Months of 
s,orag* 

Chopped fillets with parcant mince added 

DI -1 8.C Fillets 0% 20 96 50 % Mince F * c f o r  

Deairabilit? 
1 7.3 i 0.8' 7.4 -t 0.8' 6.9 i 1.0. 5.1 k 1.7" 4.0 i 1.4" 

8 6.9 i 1.5' 5.9 i 1.6' 5.3 t 1.4" 3.3 i 1.9" 1.9 i 1.7' 
4 6.8 i 1.1' 6.5 t 1.3' 5.4 i 1.0. 3.4 i 1.2' 2.2 i 1.1* 

1 7.6 i 1.0" 7.6 i 0.7" 6.9 i 1.6' 4.7 i 1.7' 3.4 t 1.2" 
COlOP 

4 7.0 -t 1.4' 7.3 i 1.4' 5.7 i 1.1. 3.3 t 1.2" 1.3 i 0.5' 
8 6.9 5 1.6' 6.4 i 1.0' 4.8 t 1.3' 2.9 t 1.4" 2.0 i 1.5" 

1 7.4 t 0.7' 7.1 i 1.1' 6.8 i 1.1' 5.8 2 1.3'" 4.6 i- 1.W 
4 6.8 t 1.1' 6.6 5 1.3' 5.9 i 1.1'y 4.2 i 1.6" 3.7 i 1.8> 
8 6.9 i 1.4' 5.9 i 1.7' 5.5 i 1.49 4.0 i 1.4" 2.7 i 2.0' 

Flavor' 

Texture' 
1 7.1 i 1.3' 7.3 t 1.2' 6.6 1- 1.7" 5.6 t 2.0' 4.9 i 2.1' 
4 7.1 i 1.4' 6.5 k 1.6' 5.6 i 1.0"* 3.8 i 1.2" 3.2 * 1.5' 
8 7.0 i 1.6' 6.3 i 1.4' 5.3 i 1~4'  2.9 i 2.0" 1.9 i 1.6" 

.Mean XS(Y~I  % standard deviation with the same letter in a row did not "ary Significanlly IP < 0.051 from each ofher In 
%don;c scale: 9. "bked extremely". 10 1. "diSI#ked extremely". 
%le: 9. " ~ ~ ~ e l l e n i ' .  IO 1. ''unawevBble''. 

101. 

.- - 

minant of preference when samples 
exhibited moderate to low intensi- 
ties of fishy and/or oxidized fla- 
vors." These -findings were the 
result of utilizing the native binding 
properties of fish proteins in fabn- 
cating a minced fish-shrimp portion 
(Babbitt et al., 1974). Wesson et al. 
(1979). concluded that "the favor- 
able consumer reaction to a new 
high-quality fish-shrimp portion 
should provide encouragement for 

of lower- ade shrimp pieces, and 
other tragtionally less sought-after 

the development of other roducts 
utilizing shrimp flavor an c r  texture 

turing a variety of seafood products 
(Lanier, 1981). Texture of new sea- 
food products should not be 
regarded as of minor importance to 
the overall consumer acceptance. A 
study published by researchers a t  
the University of Wisconsin (Wes- 
son et al., 1979) investigating the 
sensory factors (taste, flavor, tex- 
ture, etc.) which ,affect consumer 
acceptance of seafood products 
reported that while "flavor charac- 
teristics were major determinants 
uf preference when distinctly oxi- 
dized flavors were present, texture 
was an extremely influential deter- 

fish species." Indeed, Early an 
Denton of the Torry Research Str 
tion (1984), have reported usin 
this technique for the fabricatio 
and extrusion of a crab product. 

nifferences in Minced 
Fish Preparation 

Up until recently, the seeivc 
industry has tended to look 
minced fish primaril as a source, 

products. Results of product devc 
opment and marketing aspects 
minced fish have been publish 
(Reeenstein. 1980). The aualitv 

low-cost protein an d" as a potent) 
use for "scrap fish" and fish b 

Table 2-Acceptance Of inracr and minced fish flesh held e1 -20°C IBabbirl, 
1974) 

Acceptability [Scale 1-91'.' 

Minced Minced 
Spssierlweeke Infact Minced fillet- Minced headed and 

Pacific Whiting 

Of storego fillet fillet akin tram* gutfed 

0 wk 6.98' 5.62' 4.32' 4.34' 4.68' 
12 wk 5.7P 5.20' 4.16' 3.62' 4.42' 

0 wk 5.92' 4.60' 4.46' 3.38' 5.54c 
12 wk 6.42' 4.92' 4.82' 3.78' 5.36' 

0 wk 6.80' 5.66' 5.82' 4.08' 4.78' 
12 wk 6.06' 4.56' 4.88' 3.58' 4.46' 

Ling cod 

Rockfish 

English Sole 
3.44* 

12 wk 6.1ZC 4.904 4.52' 2.74' 3.80' 
0 wk 5.66' 4.72' 4.32' 2.66' 

.Mean Score m B hWDOntaI row with same exponent letter did no! vary significantly IP < ,051 
from each Other. 

% 5 25 wsie Pm.IS16. 

miGed fish'is affected b$ specii 
season of harvest, and handlin; 
the fish, as well as the methixi 
processing. Babbitt (1974) dr:, 
mined the composition and cher 
cal changes occurring during fro! 
storage in minced fish made J' 
from fillets, fillets with the skin 1 

cleaned headed and gutted fish, 0 
cleaned frames remaining after 
leting from several species of b 
tomfish. Acceptance of the mini 
portions was evaluated on a scale 
9 "excellent" to 0 "bad" (Table- 
A score of 4 would he accep:?! 
and 6 would be very good; belo; 
indicated unacceptability. . 
mince from fillets and fillets 9 

the skin on were found to be \. 
acceptable. Panelists preferred 
portions from intact fillets prim 
ly because of the "flaky" textur 
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stant during frozen storage. Thus 
the differences detected in the vari- 
OUB minces may be the reason why 
M g  is so important in the pro- 
duction of surimi (a semi-processed 
-$wt 6sh protein). Washing can 

tly improve the color of minced 
and the chemical systems 

thst produce undesirable changes, 
like the formation of IIMA, are 
removed. 

Properties of Surimi 
.The successful introduction of 

m b ,  shrimp, and scallop analogs 
?de from surimi has rekindled the 
anterests of U.S. processors in 
f lheed 6sh technology. The salt- 
d u b l e  6sh muscle proteins when 
kt-gelled take on a springy resi- 
b t  texture. The texture-forming 
ability of these raw fish proteins 
d w e s  during frozen storage. 
wahing not only removes fat and 
?desirable materials, such as 

Table 3-Dimethylamine IDMA1 Comsnl Of intact and minced fish muscle held at 
-20°C lEebbitt. 19741 

.,* it was prepared, storage a t  
&aaC resulted in much lower 
:ursptance. Mechanical mincing 'w a pronounced effect on the 
j-tion of dimethylamine (DMA) 
~iii the minced b h  (Table 3). The 
'changes in DMA concentrations dur- 
:hgfrOzen storage of Pacific whiting 
W:typicaJ of all gadidae species. 
Although mechanical mincing in- 
' , ' i  the initial level of DMA in 
the minced flesh from rockfish, 
Bnglish sole, and lingcod, the rela- 
tive levels of DMA remained con- 

SpeciedwoMa Infa" 
Of 11orago fillet 

Pacific whiting 
0 wk 7.3 

12 wk 63.0 

0 wk 1.4 
12 wk 3.5 

0 wk 1.5 
12 Wk 2.8 

0 wk 1.9 
12 wk 2.1 

Ling cod 

Rockfish 

English sole 

Minced 
fill*, 

Minced 
fillet-akin 

16.7 
80.7 

3.1 
5.4 

3.1 
4.9 

2.5 
3.4 

Minced 

frame gutted 
Minced headed and 

31.7 73.9 40.8 
86.2 322.8 260.2 

6.2 5.5 2.4 
12.2 12.5 4.8 

1.9 2.6 1.4 
4.5 4.7 3.6 

4.3 3.1 2.3 
3.9 5.7 3 6  

~lood,  pigments, and other water- 
ioluble constituents, but more 
mportantly, increases the concen- 
:ration of myofibrillar proteins (ac- 
amyosin), thereby improving gel 
itrength and elasticity, essential 
moperties for surimi-based prod- 
lcts (Kudo et al., 1973; Lee, 1984). 
n Japan, an entire "Kamaboko" 
ndustry has been built around the 
mique texture-forming properties 
if muscle proteins (Okada et al., 
973). Extensive literature is avail- 
lble on the use of various sugars, 
alts of organic acids, and other 
,ompounds to prevent the loss of 
he gelling properties in the frozen 
Broduct (Grantham, 1981; Suzuki, 
981). Presently, the use of 4% 
ucrose, 4% sorbitol, and 0.3% 
ihosphates for this purpose is satis- 
actory. With proper use of such 
ldditives and low storage tempera- 
ures, surimi may be held frozen 
vith little loss of gelling properties 
or six months or longer. It is this 
eepin quality of surimi that has 
llowef the growth of the produc- 
ion of "kneaded" products, the 
3ost important form of fish pro- 

cessing in Japan, accounting 
25% of all raw fish by vol~ 
(Okada et  al., 1973). SubsequeI 
frozen surimi production incra 
from 32 metric tons in 1965 tn 
metric tons in 1975, to ether &i 
production of 1.1 mifiion ton! 
kneaded products (Lee, 1984). 

Factors Mected by 
Washing Minced Fish 

It is important to remember 

I 

water leaching. 
Adu et al. (1983) determine the 

yield and nutritional characten tics 
of unwashed and washed + id  
rockfish flesh and fillets. The 'eld 
of fillets from whole fish was 6% 

Table 4-Proximate Composition of unwashed and Washed flesh horn rmkfish. croaker, and Alaska pollock 

Rockfish' Croakerb Pollocks 

Umrenhsd Washed Unwashed Washed Unwashed Washad 

77.31 90.30 13.7 77.0 81.76 88.01 Moisture 

Pratein IN X 6.251 18.17 9.50 (88.37jd 19.6 17.0 176.231' 16.89 10.75 195.981" 
Fat 

Ash 1.06 0.14 11.301 0.5 0.9 14.041 1.00 0.26 12.321 . 
4.69 1.11 110.331 4.6 4.4 119.73) 0.45 0.19 11.701 



Suitability of Seafood Species (continued) - 
compared to 43% for minced flesh 
Washing minced flesh resulted in I 
37% loss of solids. The greates 
reductions were found in the as1 
(80% ) and lipid (65 % ) levels in th~ 
washed flesh. Most of the sarcoplas 
mic proteins were lost during wash 
ing, while 77% of the total protei] 
(N X 6.25) was recovered. Washinl 
miaced flesh did not affect the ami 
no acid composition, and PER val 
ues for all three fish treatment! 
were higher than the casein refer 
ence. 

Recently completed studies wit1 
Alaska walleye pollock (Babbitt 
1985) support the findings of AdL 
et al. (1983); however, Rasekh et al 
(1980), reported little difference u 
proximate composition between 
washed and unwashed minced fresh 
xoaker (Table 4). Washing minced 
pollock flesh resulted in a 28% loss 
3f solids. Reductions in ash (70%) 
and lipid (46%) levels were found, 
xhile 75% of the total protein 
‘N X 6.25) was recovered. Croaker, 
.ockfish and pollock are noted for 
.heir high gel-forming properties 
Kudo et al., 1973; Suzuki, T., 
1981), which is reflected by the 
iimilarity of amino acid atterns of 
he washed minced l esh (Ta- 
,le 5). 

Thus, washing not only removes 
at and other water soluble sub- 
tauces, but more importantly, 
ncreases the concentration of gel- 
orming proteins essential for pro- 
lucing surimi-based products. 
Vashed minced Alaska pollock 
Theragr? chalcogramma) is com- 
irised manly of these proteins, and 
ecause of this, more than 95% of 
he world’s surimi is made from 
dock .  The much higher fat con- 
ent of washed rockfish and partic- 
larly washed croaker flesh must 
ot affect the frozen storage stabili- 
r, for croaker has been reported as 
ieing an excellent raw material for 
iurimi production (Suzuki, 1981). 

Potential Supplies 
md Markets 

Undoubtedly, Alaska pollock will 
w the leader in surimi production 
wcause of its chemical properties 
md tremendous resource. Recent 
esulta indicate that other domestic 
tocks, such as silver hake (Merluc- 
ius bilinearis) and red hake (Uro- 
,hycis chuss), also have excellent 
iotential for surimi production 
Lanier, 1984). Preliminary results 
uggest that, although menhaden 
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Table 5-Amino Acid Composition of washed minced Rash from rmkfish, mmke, 
and Alaska p d m k  

pI100 0 p‘ofei” 

Rockfish’ Crosksr’ POiiOCk‘ 

10.2 9.8 7.7 Lysine 

2.2 2.2 2.6 Histidine 
7.1 6.2 6.8 Arginine 

10.6 10.6 9.1 Aspartic acid 
Threonine 4.8 4.8 5.0 

4.2 4.1 4.8 Serine 

Glutamic acid 17.6 16.7 13.6 
3.8 3.9 3.6 Proline 
3.8 4.4 3.5 Glycine 
5.6 6.1 6.1 Alanine 

Half cystine 0.3 - d  - 0  

5.1 5.1 5.2 Valine 
Methionine 3.5 3.4 3.4 
Isoleucine 4.7 4.6 4.9 
Leucine 8.0 8.5 7.5 

Phenylalanine 4 .1  4.0 3.8 
Tryptophan 0.6 -8 -d 

Plrnino .cia 

Twosine 4.2 3.8 4.2 

‘Adu st 81.. 1983. 
%rekh et ai.. 1980. 
‘Babbitt. 1985. 
‘Amino acid not dswsminsd. 

..-- 

may still have a slight flavor, odor, 
and color, because of its gelling 
ability, it  may he easily blended out 
by the addition of .other. seafood 
products (Lebovitz, 1985). 

To produce minced fish and 
mimi that meets the quality stan- 
iarda necessary for the continuing 
powth of these industries, close 
u d i t y  control is required. Basic 
lnderstanding of the properties of 
ninced fish and surimi must con- 
h u e  to be developed to ensure the 
~ o w t h  of engineered seafood-based 
mducta. 
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