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Means of reducing the quantity of water required for the washing 

unit operation in surimi processing were evaluated. The yield of flesh 

mechanically dewatered with a screw press and the degree of reduction in 

trimethylamine oxide (TMAO) content were used as indices of washing 

efficiency.  Variations in water:minced flesh ratio, multiple exchanges 

and washing conditions near the mean isoelectric point of flesh proteins 

were techniques evaluated to optimize the yield and quality of washed 

minced flesh. 

Single exchanges in potable water produced solids and protein 

recoveries superior to those observed for multiple exchanges utilizing 

the same total amount of water. A single exchange of a water:minced 

flesh ratio of 3.0 produced the highest recoveries (73.32 and 74.07 %  of 

flesh solids and protein, respectively) with the composition 

characteristics desired. Multiple potable water exchanges (water:minced 

flesh ratio = 1.0/exchange) at equal total water volume produced desired 

composition characteristics, but pressed flesh yield was reduced (65.9 

and 68.5 %  of flesh solids and protein, respectively).  Washing 

(water:minced flesh = 1.0) under acidic conditions near the isoelectric 

point (pH 4.9-5.3) of the minced flesh protein followed by a potable 

water wash (water:minced flesh = 1.0) produced recoveries (73.02 and 



76.20 %  of flesh solids and protein, respectively) superior or equal to 

all of the wash regimes of equal total water volume.  These recoveries 

were observed even with considerable loss during screening between 

exchanges and at a water usage 66 %  of the single exchange (water:minced 

flesh ratio = 3.0) of potable water. 

The moisture content of pressed flesh was increased by both the 

total potable water:minced flesh ratio and by the number of exchanges to 

which minced flesh was exposed. Moisture contents mediated by the 

number of exchanges were a function of water volume and exposure time. 

Washing conducted in an acidic water:minced flesh mixture at pH 4.9-5.3 

(near the mean isoelectric point of flesh proteins) produced pressed 

flesh with a moisture content 10.09-15.09 percentage points lower than 

minced flesh wash in an identical (total water:minced flesh ratio; means 

of separation between exchanges) potable water regime. 

Washing under acidic conditions produced the most efficient 

reductions in TMA0 and lipid content (91.4 and 31.1 %  of flesh TMA0 and 

lipid, respectively).  Superior reductions were accomplished through pH 

conditions favoring the extraction of amines and by the greater 

pressures produced during screw pressing by the altered physical 

characteristics of the flesh.  Pressing between multiple potable water 

exchanges also showed better reductions than single exchanges involving 

only one pressing operation. 

"Folding test" evaluation of heat-set gels (kamaboko) produced from 

a standard surimi formulation (containing 4 %  each of the 

cryoprotectants sucrose and sorbitol and 0.5 %  condensed phosphate) with 

the addition of 5 %  each of potato starch and dried egg white revealed a 

difference between potable water and acid-washed flesh.  Potable 



water-washed flesh (one exchange; water:minced flesh ratio = 3.0) graded 

SA (the highest possible grade for the "folding test used by Japanese 

processors to test the gel strength of surimi". An A-B grade (second 

and third grade on a five point scale) was assigned gels produced from 

acid washed flesh. 

Texture profile analysis of gels revealed acid washed flesh to 

yield significantly lower gel elasticity (P>_.007) and cohesiveness 

(P>_.0223) than those prepared from potable water washed flesh.  The gels 

were equal in hardness (P<_.05).  The two washing regimes produced gels 

with comparable (P<_.05) expressible water contents. 

Low potable water (a single exchange; waterrminced flesh ratio = 

3.0) and acidic (two exchanges; water:minced flesh ratio = 1.0/exchange; 

exchanges = first pH 5.0-5.3, second potable water) washing regimes 

improved surimi yield by 26 %  and 34 %,   respectively, over yields 

reported for the conventional shore-based processing operations.  This 

was accomplished at water use levels conservatively estimated to be 20 % 

of those reported for these processes. 
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Procedures for the Efficient Washing of Minced Hake (Merluccius 
productus) Flesh for Surimi Production 

INTRODUCTION 

Washing of minced fish flesh with water is the initial step in the 

conversion of minced flesh into what the Japanese refer to as surimi. 

Surimi is an intermediate that is used as a raw material to prepare a 

wide variety of kamaboko food products in Japan.  Surimi possesses 

excellent frozen shelf life providing a year around base for kamaboko 

production.  The basic process for kamaboko production involves the salt 

solubilization of the myofibrillar proteins of thawed surimi followed by 

heat setting into a continuous gel. 

Washing and subsequent mechanical dehydration is carried out to 

produce a white, odorless and bland flavored product, to enhance the gel 

strength and to remove substances that promote the denaturation of 

protein during frozen storage.  Water soluble proteins, pigments, low 

molecular weight nitrogenous compounds, some fats and muscle mineral 

salts are removed.  It is believed that these components enhance the 

denaturation of myofibrillar proteins during frozen storage and/or 

interfere with the gel formation when surimi is heated to form kamaboko. 

The Japanese standards for surimi are concerned with color, 

blandness of flavor and the strength of its gel-forming ability.  Strong 

gel forming characteristics are required to produce the rubbery and 

turgid texture that is highly accepted in Japanese products.  Since 

textural preferences of U.S. consumers vary markedly from those of the 

Japanese, the gel strength required for surimi-based products designed 

for domestic acceptance could be considerably less.  This can markedly 



alter the species, raw material conditions, and processing requirements 

for a surimi intermediate that would produce textural characteristics 

accepted by domestic consumers. 

Minced fish is washed with two to eight times its volume in fresh 

water from one to several times depending upon the species and freshness 

of the fish in the Japanese process. This procedure results in a high 

quality surimi, but requires large amounts of water and produces low 

yields and considerable water soluble waste materials. 

The main objective of this investigation was to adapt procedures 

and technology used for the production of surimi to convert species of 

fish underutilized by the U.S. fishing industry, such as Pacific hake 

(Merluccius productus), into a surimi intermediate.  Efforts were 

directed towards: (a) reducing the quantity of water required and (b) 

optimizing the yield of washed product. Multiple washings at low water 

volume and alteration of the wash water pH were evaluated. Recovery of 

solids, changes in washed minced flesh composition (protein, moisture, 

fat, mineral and trimethylamine oxide content) and gel strength were 

used as criteria for evaluating washing efficiency. 



LITERATURE REVIEW 

I. Pacific Hake (Merluccius productus): Resource, Distribution, and 
Utilization 

The Cod family is the most important of all the families of fishes 

from an economic point of view. The members of this family are second 

only to the herring family in volume of commercial landings (Table 1). 

In contrast to the herring family, which is often used for industrial 

purposes, almost all the cod, haddock and hake or whiting are used for 

human food (Ryan, 1979). 

Table 1. World commercial catch of fish by species groups, 
1973-1976 

Catch (1000 t) 

Species group 1973   1974   1975   1976 

Herring, sardines, 
anchovies et al. 11,314 13,888 13,618 15,089 
Cods, hakes, haddock et al. 11,970 12,699 11,882 12,116 
Fresh water fishes. 9,293 9,244 9,599 9,532 

Source: Ryan (1979) 

Twenty five species of fishes in the cod family "Gadidae" are 

listed by the American Fisheries Society.  There are from 3 to 11 

recognized species of hake (Merluccius sp.) worldwide, depending on 

which authority is consulted (Table 2).  The Pacific hake is the species 

present in the northeastern north Pacific ocean (Fiscus, 1979; Ryan, 

1979) . 



Table 2.  World commercial catch of Hakes, in 1975, in thousands 
of metric tons. 

Species 1975 

Silver hake (Merluccius bilinearis) 230,529 
Chilean hake (Merluccius gayi) 142,593 
Argentine hake (Merluccius hubbsi) 152,400 
Pacific hake (Merluccius productus) 230,350 
Bengela hake (Merluccius polli) 496 
European hake (Merluccius merluccius) 136,779 
Cape hake (Merluccius capensis) 626,751 
Senegalese hake (Merluccius senegalensis) 86,530 
Red hake (Urophysis chuss) 32,319 
White hake (Urophysis tenuis) 19,810 

Source: Ryan (1979) 

Pacific hake are found along the Pacific coast from the Gulf of 

Alaska southward to the Gulf of California (Figure 1); however they are 

generally found in numbers sufficient for commercial exploitation only 

from British Columbia southward to northern Baja California, Mexico 

(Dark et al., 1980; Fiscus, 1979; Ryan, 1979; Hart, 1973).  This species 

is semipelagic and regularly found near the ocean floor and in midwater 

(Fiscus, 1979). 

Both latitudinal and bathymetric migrations of Pacific Hake occur. 

Adult hake appear on the continental shelf and slope in April and early 

May off central and northern California and southern Oregon.  They first 

occur off northern Oregon and Washington in April; however, they are 

most abundant from northern Oregon to central Washington in June through 

September in 20-150 fathom (37-274 m).  From July to September a new 

incursion of adult hake appear from southern Oregon northward to 

Vancouver Island.  In late September, hake begin to move off the 

continental shelf into deeper water of the slope and by December most 

adults are gone from the area (Fiscus, 1979). 
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Figure 1. Worldwide Hake, Merluccius ssp. (Source Ryan 1979). 



Most Pacific hake are from 1 to 1.5 feet (30 to 46 cm) long with a 

record length to about 3 feet.  Their color ranges from gray to dusty 

brown with a brassy overtone (Ryan, 1979). The standing stock of Pacific 

hake in waters off Oregon and Washington is estimated to range from 

609.5 to 1206 thousand short tons with a sustainable yield of 174 - 349 

thousand short tons (Dark et al., 1980; Fiscus, 1979; Crawford et al., 

1972, 1979). 

Hake have been considered to be trash fish for many years. 

Recently, several hake species such as whiting or silver hake 

(Merluccius bilinearis), Atlantic hake (Merluccius albidus), Pacific 

hake (also called whiting) (Merluccius productus), and red hake, 

(Urophycis chuss) have been exploited. Despite their soft texture, hake 

are amenable to mechanical handling on ship or ashore.  Considerable 

quantities of some species of hake are being used for the production of 

fish blocks and dressed fish, but the quantity being harvested is far 

below the full potential of the resource. Recent attempts to popularize 

this fish may result in more widespread acceptance (Ryan, 1979). Hake 

of the genus Merluccius are valuable human food in the USSR, Chile, 

Spain, Argentina and South Africa (Crawford and Law, 1972; Crawford et 

al., 1979). 

Due to certain deficiencies of texture of the flesh and lack of 

flavor, the Pacific hake has not yet had general use as a food fish and 

seldom reaches the markets.  Its abundance suggest that it is an 

important potential source of animal protein (Clemens and Wilby, 1946; 

Hart, 1973; Ryan, 1979). 

Despite the vast abundance of Pacific hake off the west coast of 

the United States, the U.S. hake fishery has been relatively small and 



sporadic (Patashnik et al., 1982; Fiscus, 1979).  In the past, the U.S. 

hake fishery off Oregon and Washington occurred only during 1966-67 when 

a fish meal processor and fish protein concentrate plant were taking 

deliveries at Aberdeen, WA.  In 1977, relatively small landings were 

made at Warrenton, OR and Eureka, CA for processing into fillets (Dark 

et al., 1980; Fiscus, 1979). A US-USSR joint venture fishery for hake 

is presently the major exploiter of the hake resource off the west 

coast. This resource is considered to have considerable future 

potential as a protein source for so called "engineered seafood 

products" such as those produced by the Japanese from a surimi 

intermediate now prepared largely from pollock (Granger, 1985). 

II. Factors Involved in Detrimental Changes in The Texture of 
Pacific Hake Intact and Minced Flesh 

A. Parasitism in Pacific Hake 

Parasitism is widely distributed among marine animals.  About 

15,000 species of parasitic organisms have been reported to be present 

in the marine ecosystems (Kurochkin, 1985).  Parasites which reduce the 

market quality of marine fish include the histozoic myxosporidian 

protozoa and larval helminths, particularly larval nematodes. 

Myxosporidian species which cause considerable economic losses to the 

fish industry due to their impairment of the market value of the fish, 

have drawn recent attention.  Few of these are of public health concern, 

but many result in rejection of infected fish as food (Sindermann, 1985, 

1970; Kurochkin, 1985; Krasin, 1985). 

Myxosporidians of fishes of the northern Pacific have been studied 

only recently. As a result of these studies, new species of 
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myxosporidia have been registered and the number of previously known 

host species has increased.  In all, a total of 190 myxosporidia have 

been registerd from the north Pacific; 87 species were registered in the 

northeastern Pacific, among them 10 species of the genera Kudoa. 

Pacific hake is infected largely by this myxosporidia genera (Krasin, 

1985) . 

Parasites in fish can cause different local and general disorders 

in the host organism.  These are manifested in undesirable changes of 

appearance, structure (texture), flavor, and other technical qualities 

of flesh or other tissues of marine commercial animals.  Initial work 

with Pacific hake during 1960's (Patashnik and Groninger, 1964) related 

the visual presence of hairlike cysts containing myxosporidian spores 

and the accompanying high levels of proteolytic activity in the infected 

flesh with its abnormal soft texture in both raw and cooked products 

(Table 3). A condition known as "milkiness", a softening and 

liquefaction of the flesh has been associated with the presence of this 

parasite.  The muscle parasite that affects Pacific hake is of little 

health concern, since it does not affect man.  Its degradation of flesh 

texture is of considerable technological concern since this action could 

limit the utilization of the resource.  Patashnik et al. (1982) 

emphasized the need to broaden our understanding of the parasite and the 

potential texture problem associated with its presence. 

Extensive sampling of the Pacific hake population in the coastal 

areas off Washington and Oregon during 1966-67 resulted in an overall 

incidence of 20-40 %  of the fishes to be infected with visually apparent 

hairlike cysts in a section of fillet of the raw fish at the 5-100 % 

level (Patashnik et al., 1982).  The visual incidence and severity of 



parasitization between fish and within fish varies widely from catch to 

catch and did not seem to be associated with area, depth, or season. 

Patashnik et al. (1982) pointed out that for developing a fishery one 

must expect that a relatively small but significant part of the Pacific 

hake resource is intrinsically affected with myxosporidian cysts of 

variable intensity and distribution. 

Table 3.- Comparison of proteolytic activity in normal and 
myxosporidian (Kudoa sp.) infected Pacific hake. 

Group 

Parasite Steam- cooked Proteolytic 
activity cyst f] esh 

intensity condition 

Nc rmal 
0 and flaking 0.5 
0 0.8 
0 0.9 
0 0.6 
0 0.8 
0 0.7 

Normal 
control 

Average 0.67 

Parasitized 5 
1 
3 
3 
4 

Pasty 

Average  4.53 

Source:Patashnik, et al. (1982) 
Parasite cyst intensity or density based on visual 

appearance scale of 0 = none; 1 = trace; 2 = slight; 3 = 
moderate; 4 = severe; 5 = excessive 

Activity was determined at pH = 3 using hemoglobin as 
substrate (g of tyrosine liberated x 100 per 100 mg of Hb 
per 30 min) 



10 

Texture problems associated with the parasitization of Pacific hake 

have been and are being addressed by various means.  Currently the only 

practical method of limiting textural problems is the use of optimum 

time-temperature handling procedures which can retard the activity of 

proteolytic enzymes produced by the parasite (Patashnik et al., 1982). 

While processors find it neither practical nor possible at present to 

cull out all affected fish (Patashnik and Groninger, 1964), Granger 

(1985) indicated that current research on the use of laser technology to 

detect parasites in fish flesh at Cornell University could have 

practical future application (Rizvi, 1984).  Enzyme-mediated textural 

changes have been retarded in processed hake flesh by using various 

additives and by heating.  Groninger et al. (1985) investigated the 

effect of protease inhibitors on the relationship of myxosporidian 

protease activity and the functionality of the surimi prepared from 

Pacific hake by using conventional methods. They reported that protease 

activity decreased 70 %  from the original activity in raw flesh by 

using a source of protease inhibitor such as dried egg white and 

oxidizing agents such as bromate. Rapid heating of hake flesh to 70oC 

(158 F) for 10 min (Table 4) completely inactivates parasite proteases 

and preserves textural characteristics (Patashnik et al., 1982). 

Table 4. Heat inactivation of proteolytic activity of 
parasitized Pacific hake muscle extracts. 

Temp.       Activity       Temp.        Activity 
0C   0F     remaining (%)       0C    0F      remaining (%) 

2 35.6 100 60 140.0 42 
50 122.0 76 65 149.0 15 
55 131.0 74 70 158.0 0 

Source: Patashnik et, al. (1982) 
Extract was heated for 10 minutes at pH = 6.7. Proteolytic 
activity was determined at pH = 3 using Hb as a substrate 
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B. Alkaline Protease 

The textural quality of products (Montejano et al., 1983; Su et 

al., 1981a; Lee and Toledo, 1976) prepared from minced fish depends upon 

the degree to which myofibrillar proteins retain their integrity and 

functional characteristics.  The time that fish muscle is held in frozen 

storage and subjected to comminution and the presence and concentration 

of salt (NaCl) and condensed phosphates can affect the functional 

characteristics of myofibrillar proteins and modify the textural quality 

of the final products. 

The integrity of the myofibrillar proteins may be reduced by 

proteolytic enzymes, either during cold storage as a result of catheptic 

or bacterial action or during heat processing by a heat-stable 

proteolytic factor(s), termed alkaline protease by some workers 

(Montejano et al., 1983; Su et al., 1981a, 1981b; Lanier et al., 1981; 

Cheng et al., 1979a).  Distribution of alkaline protease is clearly 

evident in the edible flesh of various fish such as carp, anchovy 

(Suzuki, 1981) and croaker (Su et al., 1981a), but not in sardine, 

Alaska pollock, and mackerel (Suzuki, 1981). 

Su et al. (1981a) showed that alkaline proteases exist not only in 

the sarcoplasmic fraction of skeletal muscle but also in the skin and 

internal organs of croaker. Alkaline protease activity in liver, 

alimentary canal, and kidney tissues were found to be several hundred 

times that in muscle.  Activity in skin tissue was found to have about 

the same total activity as muscle. While minced fish consist primarily 

of muscle tissue, inadequate washing prior to mechanical deboning can 

result in contamination of the flesh with organ tissue (Su et al., 
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1981a, 1981b; Cheng et al., 1979b).  Internal organ tissue can be easily 

removed by either hand or by a gutting machine, with the exception of 

kidney tissue, which adheres internally to the backbone.  Tissue and 

fluids from the disintegration of fragile liver and other organ tissues 

may contaminate the gut cavity if evisceration is not followed by 

thorough washing. Organ contamination of minced flesh appears to have 

been the mediating factor underlying the results of a comparison of the 

alkaline protease activity in mechanically and hand separated tissue 

from croaker (Su et al., 1981b). Minced flesh prepared from the same 

lot of fish was shown to be significantly higher in activity when 

mechanically separated over that separated by hand (Table 5).  In 

addition to the elevated alkaline protease activity imparted to flesh by 

residual organ tissue, the high heme pigment content of such 

contaminating tissue can contribute to an unfavorable discoloration of 

the minced flesh. 

Table 5.  Proteolytic activity of raw tissues and hardness 
values of cooked fish gels prepared with manually and 
mechanically separated fish tissue. 

Treatment        Units activity     Hardness of cooked 
/g wet tissue gel (Newtons) 

Manual 38.3 a 39.8 a 
Mechanical 76.7 b 22.9 b 

Source: Su, et al. (1981b) 
Figures within a column having different letters are 
significantly different (P = 0.05) 

Alkaline proteases obtained from different tissues in the fish 

(muscle, skin, kidney, and alimentary canal) possess similar pH value 

for optimum activity and thermal stability. Maximum activity appeared 

to be at temperatures ranging from 50 - 70oC (Cheng et al., 1979a) with 
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an optimal temperature for proteolytic activity reported to be 60oC 

(Makinodan et al., 1985; Su et al., 1981a, 1981b; Lanier et al., 1981; 

Lanier, 1981; Cheng et al., 1979a); pH of optimum activity has been 

reported to be between 8 and 8.5 (Cheng et al., 1979a) and 7.5 (Su et 

al., 1981a).  Calcium ion activated proteolytic activity at an optimal 

concentration of 1 mM.  The metal chelators, EDTA and EGTA, inhibited 

the proteolytic activity (Cheng et al., 1979b; Lanier et al., 1981). 

Webb et al. (1976) postulated that lower texture ratings for 

products prepared with mechanically separated flesh were a function of 

the denaturation of myofibrillar proteins produced by mechanical 

shearing.  Su et al. (1981b), however suggested that the textural 

difference in the final gel-type products was due, at least in part, to 

a significantly higher alkaline protease activity of mechanically 

separated tissue.  Investigations by Cheng et al. (1979a) concluded that 

the degradation of myosin observed in cooked fish gels was highly 

related to gel texture properties and that changes in muscle protein 

during heating were caused by an alkaline protease. Lanier et al. 

(1981) reported that degradation of myosin was related to the textural 

strength of cooked fish gels.  Under normal circumstances, rapid heating 

to 85 C internal temperature (using 100 C steam) produces a firmer and 

more springy texture.  They noted that, at temperatures approaching the 

optimum for proteolytic activity (60 C), textural firmness decreased, 

while at temperatures above and below this region, proteolytic activity 

was decreased and the textural firmness of the gel was much greater. 
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C. Distribution of TMAO and TMAOase 

Trimethylamine oxide (TMAO) is a compound naturally present in 

marine animals (Shenouda, 1980; Jacquot, 1961; Simidu, 1961; Dyer, 1952) 

and is contained in higher amount in elasmobranchs (cartilage fish) than 

the teleost (bony fish) (Shenouda, 1980; Baker et al., 1963; Dyer, 

1952). Among the teleosts, the gadoid family (cod, pollack, haddock, 

whiting, hake, and cusk) contain the highest amount of TMAO (Shenouda, 

1980; Simidu, 1961).  Simidu (1961) reported an average of 88 mg 

TMAO-N/100 g wet weight and Dyer (1952) reported an average of 95 mg 

TMAO-N/100 g wet weight for 3 different gadoid species. 

To date, it has not been clearly established whether TMAO in marine 

fishes arises mainly from exogenous sources or from biosynthesis in the 

fish (Bilinsky, 1964). Results from feeding experiments indicate this 

compound to be of exogenous origin (Simidu, 1961; Safford, 1957).  It 

has been suggested that TMAO originates in the food and is simply stored 

in the muscle of the gadoid species (Dyer, 1952).  Shenouda (1980) 

pointed out that TMAO role is believed to be similar to the function of 

urea or uric acid in land animals; it is excreted to maintain nitrogen 

balance.  Safford (1957) reported that the blood of the marine fish, 

mainly elasmobranchs, contains TMAO which is excreted in part by the 

kidney and may help to maintain the osmotic pressure of the blood. 

The distribution of the enzyme TMAOase, which is usually detected 

by measuring its end products dimethylamine (DMA) and formaldehyde (FA), 

exist only in a limited group of marine animals and its activity varies 

widely among species, types of tissue, and storage temperatures (Castell 

et al., 1970, 1971; Babbitt et al., 1972).  The highest activity of the 
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enzyme was reported in fish belonging to the gadoid family, in which the 

formation of DMA and FA was greatest in species that had the largest 

amount of dark lateral muscle in fillets. Amano and Yamada (1965) 

reported that the activity of the enzyme is not confined to muscle 

tissues; they found the highest activity in some organs of the viscera 

such as liver, spleen, kidney, and bile bladder.  Tokunaga (1974) and 

Castell et al. (1971) reported that dark muscles formed DMA and FA, 

whereas white muscle did not, even if they possessed high contents of 

the precursor TMAO. 

Processing operations used in the fish industry that cause 

distribution of the enzyme throughout tissues that lack it would result 

in a rapid deterioration of the textural quality of the product during 

frozen storage. An example of such a process is the bone separators 

used for producing minced flesh in which the white flesh is mixed with 

dark.  The stability of frozen minced flesh made from fish species that 

form DMA and FA is exceedingly low and deterioration takes place twice 

as fast as it does in intact fillets of the same species (Crawford et 

al., 1979; Babbitt et al., 1972), particularly if the mincing has been 

done without effective cleaning and removal of blood and intestinal 

organs. 

Tokunaga (1974) determined the influence of temperature (from -50C 

to -40oC) on TMAOase activity during frozen storage and found the 

highest accumulation of DMA in minced pollock to occur at temperatures 

near -100C.  It is widely accepted (Shenouda, 1980) that the 

deterioration in quality and texture occurring in frozen stored fish 

that can be related to the enzymatic breakdown of TMAO is attributed to 

the formation of FA rather than DMA.  The presence of FA (Childs, 1974) 
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causes a significant decrease in the extractability of total proteins, 

particularly the myofibrillar group and affected the firmness, 

elasticity, and cohesiveness of gel-type products made from minced or 

intact muscle held in frozen storage. A proposed mechanism for the 

interaction of endogenous FA with proteins in frozen fish has been 

proposed by Sikorski (1980) (Figure 2). 

III. Surimi 

A. The Typical Surimi Process 

Surimi is a Japanese term for minced fish flesh that has been washed 

with water, dewatered and mixed with cryoprotectants to extend its 

frozen shelf life.  It is an intermediate product used to make kamaboko 

whfch takes the form of imitation shellfish meats (shrimp, clams, 

scallops, crab legs and crab meat strips), fish sausage and fish ham 

(Buck and Fafard, 1985; Lee, 1984; Mitchell, 1984; Dassow, 1982; Suzuki, 

1981; Lanier et al., 1982.) 

In the surimi process, the fish are headed, gutted, and cleaned in 

a washing tank. The washed fish are then put through a belt-drum-type 

deboner which separates the flesh from the bone and skin.  Basically, 

surimi is produced by repeatedly washing mechanically separated fish 

flesh with chilled water (5 - 10oC) until it becomes essentially 

odorless, colorless and tasteless. Technically, flesh is washed until 

most of the water soluble protein has been removed which imparts 

superior gelling ability to the flesh by concentration of the 

myofibrlllar protein fraction (Lee, 1984; Mitchell, 1984; Suzuki, 1981). 

The washing process converts an otherwise colored and often strong 
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flavored minced fish into a highly functional, bland, and light colored 

fish muscle protein which possesses remarkable binding and textural 

properties in fabricated seafood (Lanier et al., 1982). 

Manual batch processes use 2-8 times the volume of water to that 

of fish for each washing (Miyauchi et al., 1973; Lee, 1984) and at least 

three washing cycles are required. The number of washing cycles and the 

volume of water will vary with the fish species, the initial condition 

of the fish, and the desired quality of surimi to be produced. 

Commercial processes are often continuous and involve the mechanical 

agitation of flesh in a series of washing tanks and rotatory screen 

rinsers similar to the scheme shown on Figure 3. 

Washing is followed by dewatering under pressure using a 

screwpress.  The resulting fish flesh is tranferred to a strainer which 

removes residual skin, bones, and scales.  The flesh should be white, 

odorless, and free of residual defects at this point in the process. 

Cryoprotectants (usually sugar, sorbitol, and polyphosphates) are then 

mixed into the dewatered flesh using a silent cutter or a ribbon blender 

(4, 4, and 0.5 %, respectively).  Levels of sugar and sorbitol are often 

adjusted depending upon the type of kamaboko products to be prepared 

from the surimi intermediate and the sweetness desired in the final 

product (Lee, 1984). 

Surimi is usually mechanically pumped into polyethylene bags and 

packed into pans and rapidly frozen (below -350C) into a block.  The 

frozen blocks are then removed from the pans, and sets of two are packed 

in a carton box. Grade, date of production, and the name of the 

material fish are marked clearly on the box which is then banded and 
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stored at -30oC (Suzuki, 1981).  The surimi process is illustrated in 

the flow diagram shown on Figure 4. 

Japanese kamaboko products were traditionally prepared from the 

washed minced flesh from fresh fish. The technique for making kamaboko 

products from minced and washed fish evolved around A.D. 1100. Kamaboko 

(Lee, 1984) was produced until 1959 on a day-to-day basis depending upon 

the supply of fresh fish.  The kamaboko industry took a new turn when a 

group of Japanese scientists discovered a technique to stabilize frozen 

washed fish flesh based upon an incidental finding of a cryoprotectant 

that kept washed flesh from denaturation during frozen storage.  Before 

this discovery the kamaboko industry possessed limited capacity.  This 

new technique enabled Japanese manufacturers to stockpile the 

intermediate surimi which allowed for a great production expansion of 

kamaboko products. 

Surimi can be produced on shore and on board ships at sea.  It has 

been accepted that shore-processed fish may suffer from a lack of 

freshness which often produces a lower grade surimi.  The quality of 

surimi produced on board factory ships is generally recognized to be of 

the highest quality because fish are processed immediately after catch 

(Lee, 1984; Anonymous, 1984b; Suzuki, 1981). 

B. Ingredients Commonly Used to Improve Surimi 

1. Starch 

Starch is often added to surimi in Japan to improve textural 

properties.  The absorption of water and swelling of the starch granules 

produces increased rigidity.  The nature of the starch granules in 
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surimi-starch gels is important and only gelatinization of the starch 

will produce a large increase in gel strength. During the heat 

processing of the surimi-starch systems, significant rheological changes 

occur due to the sol-gel transformation of fish proteins and the 

gelatinization of starch (Wu et al., 1985; Lee, 1984). 

Small additions of starch increase the gel strength of kamaboko, 

prevent the release of water (Akahane, 1983) and makes the gel elastic 

(Lee and Kim, 1985).  Presently potato or wheat starch is used at levels 

of 5 %  or less (Lee, 1984; Suzuki, 1981) to improve the textural 

characteristics of surimi gels.  The effect of starch in increasing gel 

strength and water binding is observed (Akahane, 1983; Yamashita and 

Yoneda, 1985) most markedly with potato starch. Kamaboko containing one 

to ten percent potato starch yielded higher gel strengths than that 

without starch; a five percent addition yielded optimum gel strength. 

Corn and wheat starch were not as effective as potato starch for 

strengthening kamaboko gels (Akahane, 1983; Yamashita and Yoneda, 1985), 

but they did impart good water holding capacity (Akahane, 1983).  The 

superiority of potato starch may be related to its content of protease 

inhibitors such as those isolated in white potatoes and reported to be 

effective in partially neutralizing the effect of proteolytic enzymes on 

gel texture (Lanier, 1981). 

2. Egg White 

Protein food additives are used to improve surimi gel formation and 

water-holding capacity.  Egg white protein is an important ingredient in 

many commercial food products because of its ability to produce a 

continuous three dimensional gel network possessing structural rigidity 
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upon heating (Holt et al., 1984; Matsuda et al., 1981; Shimada and 

Matsushita, 1980; Siegel et al., 1979). 

Tanikawa et al. (1969) and Iso et al. (1985) showed that egg white 

was also effective in improving raw fish pastes yielding heat set gels 

of low elasticity and in combination with sugar and polyphosphates was 

also effective in preserving the quality of minced fish muscle during 

frozen storage (Tanikawa et al. 1969) .  Egg white, in either dry or raw 

form possessed the ability to make the product whiter and glossier 

(Tanikawa et al., 1969; Akahane, 1983).  Egg white in combination with 

modified starch produced a desirable balance between gel strength and 

freeze-thaw stability (Lee, 1984; Lee and Kim ,1985).  Arocha and Toledo 

(1982) and Akahane (1983) reported that addition of egg white up to 20 % 

improved the texture, but its flavor was detectable when 10 %  or more 

was added.  Okada (1985) found that egg white at the 10 %  level worked 

best for improving gel strength.  Lee and Kim (1985) observed that egg 

white reduced rubberiness of surimi gels producing a more meat-like 

texture and that an optimization of ingredient-dependent textural 

characteristics could be achieved by using starch and albumin (egg 

white) in appropriate combinations. 

Groninger et al. (1985) reported that egg white contained a 

proteolytic enzyme inhibitor that was effective in at least partially 

controlling proteolytically induced quality deterioration of surimi 

produced from myxosporidian-infected Pacific hake.  They also pointed 

out that a combination of dry egg white and bromate yielded optimum gel 

strengths and reduced up to 70 %  of the protease activity in surimi. 
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3. Polyphosphates. 

Polyphosphates help to preserve the quality of seafoods and improve 

processing efficiency.  Seafood is subjected to deterioration from 

bacterial attack, oxidation, proteolytic enzymes, and general moisture 

lost.  Condensed phosphates possess varying degrees of effectiveness in 

preventing fat oxidation, moisture loss, and texture changes (Shimp, 

1985) in seafoods.  Polyphosphates function in surimi preparation by 

increasing the solubilization of muscle protein and improving water 

binding capacity (Shimp, 1985; Lee and Toledo, 1976; Swartz, 1984; 

Andres, 1984).  Incorporation of polyphosphates in surimi was originally 

thought to also aid in the protection of proteins from denaturation 

during frozen storage; however, it is now believed that polyphosphates 

act mainly during the thawing of surimi and subsequent comminution with 

salt and other ingredients to improve water retention and increase 

gel-forming ability during heat processing (Montejano et al., 1983; 

Shimp, 1985).  The most commonly used polyphosphates in surimi 

production (Shimp, 1985; Miyake et al., 1963) are pyro- and 

tripolyphosphate because of their superior ability to extract myosin. 

Extracted myosin in combination with the other surimi ingredients 

provide the cohesive and elastic characteristics required for the molded 

structure of final heat-set products.  Generally about 0.2 to 0.5 % 

condensed phosphate is added to the surimi during preparation (Shimp, 

1985). 

C. Quality Evaluation of Frozen Surimi 

The quality of frozen surimi, as a raw material, is graded on the 
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basis of its chemical and visual condition and the strength of its 

heat-set gels (kamaboko) (Lee, 1984; Suzuki, 1981; Sonkodi, 1983).  The 

grade of surimi produced is largely a function of the species and 

freshness of fish and processing procedures used (Lee, 1984).  The 

gel-forming ability, measured by the water-holding capacity of the 

comminuted tissue and gel strength, can be estimated by the level of 

functional actomyosin measured as extractable actomyosin or ATPase 

activity.  These two parameters are improved by increasing the number of 

washing cycles and are decreased as the quality of the fish 

deteriorates.  Surimi quality is affected by the storage temperature, 

temperature fluctuations, storage time, level of remaining moisture, and 

the type and level of cryoprotectants used (Lee, 1984; Suzuki, 1981). 

Additives, such as starch, modified starch, and egg white can be used to 

improve the textural properties of heat-set gels produced from surimi 

improving the quality grade of the raw surimi. 

The Japanese grade the quality (Suzuki, 1981) of surimi by a system 

dependent upon the moisture content of frozen surimi, pH of the thawed 

surimi, strength of the kamaboko gel (or ashi), whiteness and luster. 

Objective physical methods are used to characterize the gel strength and 

color of heat set gels. 

In view of the upsurge of the new surimi-based texturized products 

which are of great interest to the U.S. seafood industry, Lee (1984) 

proposed a modification for the Japanese grading system and additional 

testing procedures designed for texturized products.  This new system 

would be based upon specifications rather than grade.  Food processors 

could then select a suitable type of surimi to meet the gel-forming 

requirements for a specific product formulation. A research group 
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headed by Dr. Lanier at North Carolina State University is currently 

coordinating the U.S. effort to develop standard procedures for testing 

surimi quality (Lee, 1984). 

IV. Frozen Deterioration of Proteins 

A. Denaturation 

Frozen storage is one of the most important preservation methods 

for meat, poultry meat and fish (Sikorski et al., 1976; Matsumoto, 

1980).  Freezing essentially stops deterioration due to putrefaction and 

autolysis and foods are satisfactorily preserved from the hygienic point 

of view.  Several other undesirable changes still occur in meats during 

frozen storage (Matsumoto, 1980). 

Increased water loss, changes in flavor and taste and an 

undesirable softening occur when frozen raw meat is thawed. Upon 

cooking, the succulence and water-holding capacity is decreased 

resulting in undesirable sensory characteristics such as toughness, 

coarseness, and dryness.  In comparison with fresh meat, functional 

properties, such as emulsifying capacity, water-holding or hydration 

capacity, and gel forming ability, are reduced. Meat frozen in a minced 

state is especially subject to these undesirable changes (Matsumoto, 

1980; Kotodziejska and Sikorski, 1980; Sikorski et al., 1976). 

Most studies indicate that a denaturation of the muscle proteins of 

frozen stored meat play the dominant role in deteriorative quality 

changes.  These undesirable changes, especially pronounced in minced 

fish muscle, are caused by alterations in proteins which include both 

partial disorganization of the molecules and the creation of new bonds 



27 

leading to the formation of different protein-protein and protein-lipid 

aggregates.  The current concept is that they are caused by concurrent 

action of several factors inherent, to different degrees, in the raw 

materials (Kotodziejska and Sikorski, 1980).  The muscle proteins in 

fish and other aquatic animals have been found to be much less stable 

during frozen storage than those of beef, pig, and poultry (Matsumoto, 

1980). 

Dyer (1951) suggested that the properties of proteins in the 

tissues can be modified or protected by lipids, fatty acids, nucleotide 

compounds, or even carbohydrates.  In the past 25 years (Lee, 1984; 

Matsumoto, 1980; Kotodziejska and Sikorski, 1980; Sikorski et al., 1976; 

Dyer and Dingle, 1961), a large amount of experimental evidence has 

accumulated on the adverse effect shown by fatty acids; lipid oxidation 

products; formaldehyde formed from the enzymic decomposition of 

trimethylamine oxide; high concentration of solutes created by the 

freezing out of water; and the disintegration of the muscle cell 

structures.  The protective action during frozen storage provided by the 

addition of several highly hydrophilic additives, antioxidants, neutral 

lipids and by the removal of the water soluble protein fractions before 

frozen storage has also been documented (Sikorski et al., 1976). 

Sikorski et al. (1976), indicated that the term "protein 

denaturation" has been defined in many ways.  In this review, protein 

denaturation was used to describe a complex phenomenon involving 

alteration of secondary and tertiary structure of proteins due to a 

breakage of the bonds that contribute to the stability of the native 

protein conformation without rupture of the covalent linkages between 

carbon atoms in the polypeptide chain.  Investigations of denaturation 
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that take place in such complex mixtures of proteins and other solutes 

that exist in muscle foods must also consider the secondary interactions 

of the reactive groups of the extended, hydrated and random polypeptide 

coils which lead to formation of cross-links. Aggregation of the native 

protein molecule that is not preceded by deconformation, but 

alternatively induced by the action of solutes originally present in the 

tissues or produced in the environment as a result of biochemical 

activity should be considered.  These changes also bring about loss of 

solubility and alteration of the technological properties of the 

product. 

The denaturation of protein can be followed by determination of 

various physical and chemical characteristics such as optical rotatory 

properties, viscosity of solutions, number of chemically reactive 

groups, enzymatic activity, shift of isolectric point, and solubility. 

The complex alterations which take place in muscle proteins due to 

freezing and storage are manifested by changes in extractability and 

other functional properties of the muscle (Sikorski et al, 1976; 

Matsumoto, 1980; Lee, 1984). 

B. Factors Involved in Protein Denaturation during Frozen Storage 
of Fish 

1. Partial Dehydration 

Freezing brings about crystallization of a high percentage of water 

present in the fish muscle (in cod approximately 76.5 %  at -50C and 89 % 

at -20 C) (Sikorski et al., 1976). The decrease in the amount of liquid 

water available to proteins, the increase in concentration of tissue 

salts and the mechanical damage to the muscle structures caused by the 
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formation of ice crystals have all been long regarded as major causes of 

protein denaturation in frozen fish.  Investigations by Conell (1959) 

revealed that aggregation of myosin at 0oC increased with higher protein 

concentration, inferring that freezing could either induce or enhance 

similar reactions by merely increasing the concentration of reactants. 

2. The Effect of Inorganic Salts 

Inorganic salts most probably affect proteins in frozen fish by 

depressing the freezing point of the tissue fluids, causing 

dehydratation, influencing the interfacial tension, and by ionic 

interaction with charged groups of the side chains. At concentrations 

above 1 M, the competition of inorganic salts for water may result in a 

salting-out effect resulting in a reduction of the number of hydrophilic 

groups associated with water that buttress the solubility of the 

macromolecule. Also at high concentration (above 1 M), most inorganic 

salts cause a proportional increase in surface tension values which 

enhance hydrophobic adherences and intermolecular linkages favoring 

aggregation (Sikorski et al., 1976). 

Sodium and potassium chlorides, present in fresh fish muscles in 

total concentration of about 0.5 %,  may form a solution of up to 7 %  at 

-30oC in the remaining unfrozen tissue water.  At low temperatures, such 

concentrations of salts can be expected to alter the properties of the 

proteins.  Sodium and calcium chloride may also be involved in protein 

changes by activating the hydrolysis of lipids (Brockerhoff and Jensen, 

1974).  Inorganic salts can interfere with the conformation of proteins 

by participating in the formation of lipid-protein complexes, reacting 

with nitrogen and oxygen functional groups in proteins, and inducing 
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inducing lipid oxidation.  The products of lipid oxidation may, in turn, 

bring about changes of protein solubility. 

3. The Influence of Lipids and Fatty Acids 

Dyer (1951) and Dyer and Dingle (1961) presented a hypothesis on the 

contribution of unesterified fatty acids and the presence of lipids in 

the tissue to the protein changes in frozen fish.  It was observed that 

free fatty acid (FFA) formation preceded the loss of extractability of 

myofibrillar proteins and that this phenomena was more rapid in lean 

than more fat species (Dyer and Frazer, 1959).  Sikorski et al. (1976) 

confirmed this observation by showing that the addition of FFA to minced 

mackerel flesh decreased the extractability of proteins from samples 

stored at -10 and -20oC. 

King and co-workers (1962) suggested that the protective effect of 

neutral fish lipids which was originally observed by Dyer and Dingle 

(1961), is caused by a partial removal of the FFA from reactive sites 

through their dispersion in the lipid fraction. Dispersion of FFA in 

neutral lipids precludes their interaction with proteins; when they bind 

to polypeptide side chains of polar groups, they can decrease protein 

solubility by the formation of intermolecular hydrophobic-hydrophllic or 

hydrophobic-ionic linkages.  Such interactions are especially probable 

at appropiate concentrations of inorganic ions, mainly Ca 

4. The Role of Lipid Oxidation 

Oxidized lipids in lipid-protein systems are known to induce 

polymerization of the proteins resulting in decreased solubility and the 

formation of colored complexes (Desai and Tappel, 1963; Karel et al., 
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1975) .  From 10 to 15 mg of fatty acid peroxide might be required to 

insolubilize (under optimum conditions) all the myosin in 100 g of cod 

muscle.  This would be equivalent to a peroxide value of 60, but 

reaction with the available epsilon amino groups of protein would render 

peroxides undetectable (Sikorski et al., 1976). 

Sikorski et al. (1976) reported that protecting lipids in frozen 

fish against oxidation is effective in retarding the loss of protein 

solubility during storage. According to Castell (1971), lean fish 

muscle, which contains 0.5 to 1 %  unsaturated lipids, rarely becomes 

rancid as indicated by thiobarbituric acid values or rancid odors.  The 

lipids oxidize, but instead of forming carbonyls and other compounds 

associated with rancidity, they become bound up in lipid-protein 

complexes which account for the toughened texture of frozen fish stored 

too long or under poor conditions.  Its has been generally accepted that 

the formation of these lipid-protein polymers is brought about by the 

reaction between the proteins and oxidizing fatty acids (Dessai and 

Tappel, 1963; Sikorski, et al., 1976). 

5. The Action of Formaldehyde 

Some of the differences in the rate of deterioration of proteins in 

various fish species during frozen storage can be explained by published 

data regarding the formation of formaldehyde (FA) in tissues and its 

effects on proteins.  Amano and Yamada (1965) showed that formation of 

dimethylamine (DMA) occurs simultaneously with the production of 

proportional amounts of FA, while Tokunaga (1964) discovered that 

accumulation of DMA and FA in Alaska pollack stored at -17 to -190C was 

accompanied by a corresponding decrease in the concentration of 
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trimethylamine oxide (TMAO).  Extensive investigations (Castell et al., 

1971; Castell et al., 1973a; Babbitt et al., 1972) have revealed that 

DMA and FA are formed in the muscle and intestines of several species of 

fish, especially those of the Gadoid family and in squid and clams, as a 

result of the enzymatic reaction: 

TMAO  >  DMA  +  FA 

It has been further established that decomposition of TMAO to FA and DMA 

is catalyzed by an enzyme system present in the sarcoplasmic fraction of 

fish (Tokunaga, 1964) and in the bacteria Pseudomonas aminovarans and 

Bacillus P.M.6  (Myers and Zatman, 1971). 

The rate of FA accumulation is higher in the dark muscles and 

glandular tissue of fish than in white muscles.  Formation is 

accelerated by mincing muscle, and is different in various species.  Of 

the various species of Gadoids stored at -50C, Castell et al. (1971) and 

Castell (1971) found the concentration of DMA in flesh to increase 

according to the following order: haddock < cod < pollock < cusk < hake. 

Tokunaga (1964), observed that extensive accumulation of FA in stored 

fish is accompanied by a reduction in the extractability of myofibrillar 

proteins.  This led to the conclusion that FA plays at least a part in 

accelerating protein denaturation in frozen fish.  Evidence developed by 

Castell (1971) supported a stronger correlation of the decrease observed 

in protein extractability from flesh of species belonging to the Gadoid 

family with the accumulation of FA rather than FFA during frozen 

storage.  It was further reported that the accumulation of FA and the 

corresponding decrease of protein extractability was substantially lower 

in prewashed minced flesh than in minced flesh that was not washed prior 

to freezing. 
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FA is a very reactive compound capable of interacting with many of 

the functional groups on proteins (Walker, 1964) and of producing intra- 

and inter cross-links of the molecules.  Sikorski et al. (1976) 

mentioned a work by E. Fischer in which a rapid combination of the 

liberated FA with both amino acids and proteins took place.  FA was 

reported to react more readily with myofibrillar than with the 

sarcoplasmic proteins (Castell et al., 1973b).  Protein changes that are 

involved in the denaturation of frozen fish proteins and caused by the 

factors discussed are illustrated in Figure 5. A proposed 

interelationship among those factors in the process of protein 

denaturation and texture deterioration is outlined in Figure 6. 

C. Prevention of Protein Denaturation in Minced Frozen Fish 

Minced flesh is especially exposed to the action of various 

deteriorative influences because of the damage to tissue structures and 

the intermixing of their components that occur during mechanical 

separation of minced flesh.  The nature of the alterations in frozen 

minced fish is both partial deconformation of the proteins and formation 

of new bonds.  The number and character of alterations depend upon the 

participation of individual deteriorative factors, the properties of the 

material and the parameters of processing and storage (Sikorski et al., 

1976). 

The shelf life and functional properties of minced frozen fish 

depend dramatically upon the conditions under which minced flesh is 

prepared.  Blood and kidney tissue should be removed from the gutted 

fish before processing and machine separators should be operated in a 

manner that limited the separation of dark meat just under the skin. A 
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significant retardation of undesirable changes can be attained by the 

removal of cations known to promote autoxidation and cross-linking and 

TMAO and the enzyme system capable of catalyzing its decomposition to FA 

and DMA.  This can be achieved by washing the minced flesh from one to 

six times with chilled fresh water (Iwata and Okada, 1971; Sikorski et 

al., 1976). 

The finely divided nature of minced flesh allows for the 

application of measures to protect proteins against denaturation that 

are not practical for the intact flesh of whole fish and fillets. 

Adding substances that depress the freezing point of the tissue liquid, 

increase the viscosity and react selectively with some functional groups 

of the proteins, or alter the properties of the environment in the 

desired direction is recommended. Different substances are used as 

cryoprotective agents such as sucrose, glucose, and sorbitol, although 

high concentrations of sugar, up to 10 %,   induced a pronounced sweet 

taste not always acceptable in fish products. Noguchi and Matsumoto 

(1971 and 1975) tested the inhibitory effect exerted by over 60 

different substances in model systems.  They found that the protein 

insolubilization was on the average at least 80 %  less than the loss of 

solubility observed for control protein solutions.  Some of those 

cryoprotectors were: sodium glutamate; sodium aspartate; sodium 

cysteinate; cysteine; the carboxylic acids malonic, maleic, lactic, 

malic, tartaric, gluconic; and ethylene diamine tetracetic acid (EDTA). 

V. Kamaboko 

Kamaboko is a typical seafood in Japan with the form of an 

homogenous gel.  Its production is a legacy of the past which has 
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provided manufacturers with much experience.  The origin of kamaboko can 

be traced far back in the history of Japan; it is even mentioned in some 

of Japan's old documents dating about 1500 years ago (Suzuki, 1981).  In 

the course of time, many varieties of kamaboko have been developed. 

They are different in the way of heating, shapes, and ingredients.  It 

can be mixed with various ingredients such as egg, vegetables, and 

starch; formed into shapes varying from tubular, square, triangle, leaf 

form, and semi-cylindrical; and cooked in steam, broiled, or fried 

(Suzuki, 1981). The different heating methods, shapes, and ingredients 

uses in kamaboko are listed in Table 6. 

In Japan, about 25 %    of the fish catch is processed into over two 

million pounds of kamaboko type products.  The technology of producing 

surimi was responsible for the rapid increase in the production of the 

kamaboko type products in Japan (Adu et al., 1983).  Before the 

procedures for making surimi were developed, the production of each 

kamaboko plant was limited by the amount of fish muscle it could obtain 

from fishermen. The development of surimi allowed kamaboko processing 

plants to stockpile raw material to assure full-scale production 

throughout the year.  The proteins of minced fish flesh processed into 

surimi retain the functional properties required for making good 

kamaboko and other fish products such as fish sausage for a much longer 

period of time. Kamaboko has become part of the daily J'apanese diet. 

It can be eaten fresh or cooked and is used in stews, salads, and soups. 

As each nation has its own food preferences, the flavor and texture 

of Japanese kamaboko is not always appealing to others. While the 

Japanese prefer a rubbery kamaboko-type product, the Americans generally 

prefer a wiener-like, only slightly elastic product. The flavor, 



38 

Table 6. Varieties of Kamaboko. 

Kinds of Kamaboko 

Heating Method 

Shapes 

Ingredients 

Steamed Kamaboko 
Steamed and Broiled Kamaboko 
Broiled Kamaboko 
Boiled Kamaboko (Hampen) 
Fried Kamaboko (Tempura, 
Satsuma age) 

Meat paste piled on a thin 
wooden slab (Itatsuki kamaboko) 
Tubular (Chikuwa) 
Ball, bar, square (Age kamaboko) 
Leaf (Sasa kamaboko) 
Noodle (Soba kamaboko) 
Rolled (Datamaki) 
Chipped (Kesuri kamaboko) 

Starch 
Vegetables (Green beans, yam, 
etc.) 
Seaweeds 
Others (Egg yolk, cheese, ham, 
squid, shrimp, etc.) 

Source: Suzuki (1981) 

texture, and appearance of the kamaboko-type products can be easily 

modified to suit the preferences of the U.S. consumer by blending 

various species of fish and by varying the other food ingredients to 

obtain the desired flavor, texture, and appearance (Okada et al., 1973) 

VI. Surimi and Surimi-Based Products in the United States. 

Surimi products were introduced into United States in the form of 

kamaboko, highly processed surimi shaped into a variety of forms.  The 

product, bland and rubbery by American taste standards, account for half 

the seafoods eaten by the Japanese.  Importers and manufacturers of 

surimi-based products, originally targeted American-Oriental 
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communities.  Then a non-oriental market began to emerge, due in part to 

a growing interest in Japanese cuisine (Hasselback, 1984). 

Surimi-based imports from Japan, first shipped to this country were 

in 1976.  Since the introduction of these products into the U.S. market, 

the entire structure of the fabricated seafood market has changed.  As a 

result of the high level of consumer acceptance, the market for 

surimi-based products has grown from 2 million pounds, in 1979; 6 

million pounds, in 1981; 16 million pounds, in 1982; 29 million pounds, 

in 1983 (Sabella, 1985; Hasselback, 1984) to 80 million pounds, in 1984 

with a retail value of more than $300 millions in this latter year (Lee, 

1984).  Observers predict a 1 billion lbs. market, worth $3 billion 

dollars at the retail level, by 1990 (Sabella, 1985; Vondruska, 1985). 

Surimi-based food products, primarily shellfish analog, are the 

most exciting new seafood products to hit the American market since the 

introduction of fish sticks 30 years ago (Sabella, 1985; Hasselback, 

1984). Thus far, simulated crab has represented 90 %  of the market, but 

other shellfish analogs (scallops, shrimp and lobster) just becoming 

available will help ensure that domestic consumption of surimi-based 

foods keeps doubling annually in the near term, according to some 

observers (Sabella, 1985; Hasselback, 1984; Anonymous, 1982).  The crab 

product is available in a number of forms including, standard legs, 

super legs, bite size chunks, and presented in many brand names, such as 

Sea Stix, Sea Legs, King Krab, Ocean Magic, etc. (Hasselback, 1984; 

Anonymous, 1982). Product breakthroughs, coupled with the disappearance 

of King Crab stocks, suggest tremendous opportunities for surimi-based 

crab and other shellfish in the years ahead. Alaska king crab landings, 

which peaked in 1980 at 185 million pounds, plummeted to 39 million 
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pounds in 1982, and were expected to reach no more than half in 1983 

(Hasselback, 1984.). 

Surimi-based shellfish products are almost always made from Alaska 

pollock but might be prepared from other low priced species such as 

fresh water catfish, gulf croaker, menhaden, and red hake (Hasselback, 

1984; Anonymous, 1984b).  Domestic production of surimi-based foods 

could provide domestic utilization for the giant Alaska pollock 

resource, Pacific hake from Washington, Oregon and California waters and 

gulf croaker and red and silver hake from New England. Alaska pollock 

alone could generate 1 billion pounds of surimi annually, according to 

North Pacific Fishery Management Council.  Pacific hake could add 216 

million lbs to the yearly total and east coast species like menhaden and 

croaker could conceivably boost the output another 1.5 billion lbs 

(Sabella, 1985). 

Surimi could provide a use for the bulk of the now underutilized 

species and give seafood protein a secure and substantial role in the 

diet of United States consumers (Sabella, 1985).  The development of 

surimi technology has just begun in the U.S., while Japan has been 

improving this technology for several hundred years. The commercial 

success of the United States surimi industry will depend greatly upon 

how quickly it can absorb the existing technology and how new products 

developed by domestic processors can compete with Japanese products 

(Lee, 1984). 

The growth in popularity of surimi-based products has predicated 

considerable interest by domestic seafood processors in the potential 

for U.S. surimi production. U.S. companies would like to garner a share 

of this $60 million business, now in the hands of Japanese (Anonymous, 
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1984a). The initial step to clear the way for the U.S. industry to move 

into this area without depending upon the Japanese is to establish three 

areas of development: (1) economical production of surimi, (2) 

production of high quality shellfish flavor, and (3) development of 

processing equipment at a reasonable cost.  Consequently, the National 

Marine Fisheries Service (NMFS) has established a development fund of 

$1.5 millions under the Saltonstall-Kennedy Program to assist the U.S. 

surimi industry with several goals in mind: (1) to establish the first 

U.S commercial surimi production plant in Alaska, (2) to establish a 

technical base for surimi process optimization and product formulation, 

(3) to study the feasibility of surimi production from underutilized 

species other than Alaska pollock, and (4) to survey consumer attitude 

and market outlook, as well as identify potential markets for 

surimi-based products. Additional research is called for in the areas 

of development of a natural shellfish flavor of high quality, 

formulation development for Americanized surimi-based products, and 

improvement of the frozen shelf life of both surimi and surimi-based 

products (Lee, 1984).  The bulk of this fund ($1.3 millions) has been 

allocated to the Alaska Fisheries Development Foundation (AFDF), which 

is working to familiarize the U.S. food industry with surimi (Anonymous, 

1984a). 

In January 1985, surimi production operations began at the Alaska 

Pacific Seafoods Plant in Kodiak with the support of the Alaska 

Fisheries Development Foundation. The plant is well positioned to test 

the assumption than an American shore-based operation can outdo the 

Japanese plants on Hokkaido and produce high grade surimi (Sabella, 

1985).  The Alaska Pacific Seafoods project is designed to produce at 
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least 860,000 lbs of surimi, with 660,000 lbs sold in the open market an 

the other 200,000 lbs used for market development (Sabella, 1985). 

According to a recent survey of producers, importers, brokers, 

wholesalers, and buyers, price and convenience are the strongest 

positive attributes of restructured fish products (Leonard, 1984).  The 

two product characteristics rated least positive were taste and texture. 

The survey was commissioned by the Alaska Fisheries Development 

Foundation (AFDF) to determine the awareness, attitudes, and buying 

habits of restructured product distributors.  Each respondent was asked 

about various attributes of restructured products, including taste, 

texture, appearance, price, convenience, and consistency of quality. The 

replies, classified as positive, negative or neutral are summarized in 

Table 7.  Common statements made concerning each attribute are shown in 

Table 8.  Survey respondents were also asked to name spontaneously what 

factors they would want to know about in considering adopting a surimi 

or minced fish product.  Their responses were classified into six 

original attributes (Table 9). 

Surimi products have found favor in some food service markets. 

Many fast-food seafood chains and restaurants have added these products 

to their menus.  Institutional markets have had great success with 

surimi-based products.  They are served in school lunch programs, penal 

systems, hospitals and to the military. Most restructured products are 

now being distributed in the institutional market, but the grocery and 

restaurant markets are rapidly expanding (Hasselback, 1984; Leonard, 

1984) . 

Surimi and surimi-based foods are remarkable products.  The 

Japanese maintain that their creation requires artistry; the Americans 
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contend they can accomplish the same results with technology (Sabella, 

1985). 

Table 7. Positive and negative attributes of structurated seafoods 
products. 

ATTRIBUTE POSITIVE 

Taste 41 % 
Texture 34 % 
Appearance 53 % 
Price 76 % 
Convenience 72 % 
Consistency of qual: ity 49 % 

41 % 
37 % 
22 % 
12 % 
1 % 

23 % 

Source: Leonard (1984) 
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Table 8.  Common statements made concerning each attribute 

I        POSITIVE I        NEGATIVE 

TASTE       |  Similar to real thing.    |     Not as good 
|      Cannot tell        j   as real product. 
|    the difference.       j    Artificial taste. 
|       Has a            |     Bland/watered 
|    seafood flavor.       j        down. 
|     Good flavor.         | 
j   Customers like it.     j 

TEXTURE     |        Same as          |      Artificial, 
|     real product.        |      not natural. 
|  Firm, or not mushy.     j    Too soft, mushy 
|  Melts in your mouth.    j        chewy. 
j                       |    They fall apart. 

APPEARANCE   |      Looks good/         |      Too uniform 
|    has eye appeal.       |  Looks like it comes 
|      Looks real.        j      from a mold. 
|      Good color.        |   Looks artificial. 

PRICE       |     Saves money.        |     Too expensive. 
|      Good value.        |       Should be 
|      Cheaper           j     lower-priced. 
j  than real product.      | 

CONVENIENCE  |   Quick, easy to use      |     No faster than 
|      and handle.        |     other products. 
j      Uniformity.        | 
|   Shaped/portioned.      | 
j     Fully cooked:        j 
|    heat and serve.       | 
|  Can be microwaved.      j 

CONSISTENCY  |   Same every time.       |   Quality not as good 
OF QUALITY  |       Uniform.           j   as natural product. 

|                       |      Lower quality. 
|                       |   Lacked consistency: 
|                       |       never the same. 

Source: Leonard (1984) 
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Table 9. Important factors in considering structurated seafoods 
products. 

FACTOR PERCENTAGE OF RESPONDING NOTING: 

Price 
Taste 
Product content 
Consistency of quality 
Appearance 
Texture 
Convenience 

41 % 
26 % 
25 % 
19 % 
12 % 
10 % 
5 % 

Source: Leonard (1984) 
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MATERIALS AND METHODS 

I. Fish Processing, Washing and Refining 

A. Fish Source 

Fresh Pacific hake (Merluccius productus) was obtained from local 

seafood processing plants in Astoria, Oregon during the summer of 1985. 

Fish were held in crushed ice from immediately post-catch until 

processing. All experimental fish were obtained no more than two days 

post-catch. 

B. Separation of Flesh 

Fish were hand planked (separation of musculature including bone 

and skin leaving backbone, head and viscera) and washed to remove slime, 

scales, blood, bits of viscera, and other extraneous material.  Complete 

separation of the viscera, backbone, and black peritoneum is required to 

produce a high quality finished product (Suzuki, 1981). The strong 

protease activity of some of those organs could interfere with the gel 

forming ability and other physical properties of the flesh. 

Flesh was separated from washed and planked fish using a Model 805 

Ikeuchi flesh separator machine (Ikeuchi Tekkosho, Ltd. Japan). Flesh, 

in a minced form, was separated from bone and skin with this equipment 

through the action of a rotating wide and flexible rubber belt that 

moves against the outside of the counter rotating perforated metal drum 

with 0.4 cm holes. 

The yield of minced flesh derived from machine separation depends 

on the pressure applied to the fish between the rubber belt and the 
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perforated drum. The tension on the rubber belt was adjusted so that 

the machine did not separate the dark flesh adjacent to the skin 

allowing for the recovery of mostly light colored flesh. Although this 

processing procedure was less yield efficient, flesh of superior color 

and lower fat content was produced. 

Investigations involved five separate processing lots ranging from 

138 to 304 kg.  The yield of minced flesh from each lot was determined 

and for comparative purposes was computed on the basis of round fish 

weight. Minced flesh from each lot was sampled for compositional 

analysis. 

C. Washing Minced Flesh 

Flesh was washed in cold water (water cooled with ice) (5-10 C) at 

experimentally defined flesh:water ratios. Washing regimes involved 

gently stirring for two minutes to leach out blood, flesh pigments, and 

other water soluble constituents (proteins, enzymes, trimethylamine 

oxide, and etc.). Some floating fatty tissue (dark flesh) was 

occasionally lost off the top of wash mixtures. After washing, the 

water:flesh mixture was allowed to settle for two minutes before 

dewatering.  When low pH washing was carried out, phosphoric acid (J.J. 

Baker Chemical Co., NJ) was used to adjust the water:flesh mixture to 

the desired pH. The adjustment of water:flesh mixtures was carried out 

after gently stirring the mixture for at least one minute; total 

exposure to acid conditions never exceeded five minutes.  Low pH washed 

flesh was separated by screening then subjected to a second fresh water 

exchange followed by machine dewatering.  No settling time was required 

after the first low pH exchange.  The effectiveness of the different 
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washing procedures including one or more exchanges, different ratios 

water:flesh, different combination of dewatering techniques and 

different water:flesh pH conditions were evaluated. 

D. Dewatering Washed Flesh 

Dewatering was carried out by screening and/or machine pressing. 

Screen separation of water from solids was accomplished using a Model 

S245S44 Sweco Vibro Energy Separator (Southwestern Engineering Co., Los 

Angeles, CA) equipped with a 24 inch diameter stainless steel single 

screen unit with a 30 mesh market grade screen.  The water:flesh mixture 

was poured slowly onto the center of the screen. Machine pressing was 

carried out with a Model SD-8 Screwpress Dehydrator (Ikeuchi 

Tekkosho/Sano, Japan).  The pitch of the screw flights in this press 

progressively increased toward the discharge end of the machine 

increasing pressure and forcing water from the minced flesh through the 

small screen holes in the jacket of the press.  The screwpress 

dehydrator was always operated at the lowest speed possible to obtain 

the maximum degree of dewatering. 

Screening and/or pressing was used between exchanges in multiple 

exchange washing procedures, but the final dewatering was always carried 

out by pressing. The low moisture content of the flesh coming from the 

first exchange of low pH washing procedures did not allow to use the 

screwpress just after these treatments.  The effectiveness of both 

dewatering procedures was evaluated. 

Just after final press dewatering, the total flesh collected from 

each wash evaluation was weighed and sampled for analysis.  The 
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effectiveness of each washing procedure was based upon solids yield and 

composition. 

E. Refining Dewatered Flesh 

The washed and pressed flesh was refined with a Model SI Ikeuchi 

Flesh Strainer (Ikeuchi Tekkosho/Akashi, Japan).  This machine is 

essentially a pressure fed conical screw which forces flesh through a 

fine screen which possesses an adjustable outlet for material that can 

not be forced through the screen.  The outlet can be adjusted to create 

a variation in back-pressure. The screw device is partially jacketed 

and allows for the use of ice for cooling the mechanism to prevent 

friction heating of the product.  The equipment is designed to remove 

residual small bones, skin, connective tissues, scales and other 

undesirable particles. 

II. Surimi Preparation 

Surimi was prepared by mixing cryoprotectants and refined flesh in 

a Model VCM Hobart Silent Cutter (The Hobart Manufacturing Co., Troy, 

OH).  Refined flesh was subjected to a rapid moisture determination and 

the final moisture content of the surimi with the cryoprotectants added 

was adjusted to 77 %  with a ice-water mixture.  Sugar, sorbitol and 

condensed phospate (Brifisol 414; a mixture of food grade quality sodium 

acid pyrophosphate, sodium pyrophosphate, and sodium polyphosphate; 

BK-Ladenburg Corp., North Hollywood, CA) were mixed into the refined 

flesh at levels of 4, 4, and 0.5 %,  respectively. The refined flesh was 

chilled (1.10C) for 2-3 hours to lower its temperature before mixing. 

Caution was taken to maintain the temperature of the mix below 10oC to 
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prevent a loss of protein functionality.  The pH of the low pH washed 

flesh was determined in advance of mixing and adjusted with sodium 

carbonate to pH 7.3 - 7.5.  Sodium carbonate was used in concentrations 

no higher than 1 %  of the refined flesh weight.  Prepared surimi (700 g 

units) was packed into polyethylene lined cardboard boxes, frozen and 

held at -30oC. 

III. Preparation of Fish Gels (Kamaboko) 

Frozen surimi was partially thawed by holding frozen boxes at 2-40C 

overnight.  The partially thawed surimi was cut into small pieces with a 

sharp knife, weighed in small working lots of 500 g and chopped for 15 

seconds in a Model KFP Kitchen-Aid Food Processor (Hobart Corp., Troy, 

OH).  Chopping was carried out at 2-4 C and the temperature of the 

surimi initially at around -5 C was kept below 10 C. Water in the form 

of ice was added to bring the surimi moisture content from 77 %  to 82.55 

%  which is the moisture content of Pacific hake mince coming from the 

deboning operation.  Based upon the weight resulting from the water 

addition, 2.5 %  sodium chloride, 5 %  spray dried egg white and 5 % 

potato starch were added to yield a "batter" with a moisture content of 

73.38 %. 

Sodium chloride and one third of the total amount of ice were added 

to the chopped surimi and blended completely to solubilize the 

myofibrillar proteins.  Salt was added in two consecutive additions to 

insure complete distribution and protein solubility. Batter temperature 

was kept between 0 and 2 C during this operation. Dry egg white and 

another third of ice was added to the batter which was blended again 

until complete distribution was achieved.  Finally, potato starch with 
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the remaining ice were added and the whole batter was blended until a 

final temperature of 5 C was reached. 

The batters were packed in glass tubes (3 cm diameter and 15 cm 

long), sealed with rubber stoppers wrapped in aluminum foil and held at 

2-40C until just prior to cooking.  The batters were cooked at 90oC for 

60 minutes in a water bath and stored overnight in a refrigerator at 

1-20C. 

IV. Determination of Textural Properties 

A. Gel-forming Ability: Folding Test 

The gel-forming capacity of surimi was determined using the folding 

test described by Kudo et al. (1973).  This subjective test measured the 

flexibility and elasticity of heat-set gels (kamaboko) prepared from 

surimi. The test was conducted by folding a 3 mm thick by 2.5 cm 

diameter slice of heat-set gel between the thumb and index finger.  If 

no cracking occurred along the fold, the slice was folded again 

perpendicular to the first fold and the fold examined for cracking.  The 

numerical rating scale for the folding test based upon the degree of 

cracking occurring along the folds was based on the Japanese grading 

system defined by Nippon Suisan Kaisha, Ltd. (1980) and Nishiya (1963). 

B. Expressible Water Determination 

The procedure described by Lee and Toledo (1976) was used to 

measure expressible water.  Cylindrical samples 1 cm diameter by 0.15 cm 

thick weighing approximately 250 mg were pressed at 1000 psi for 20 

seconds on filter paper (Whatman No. 1, 7 cm diameter) between two 
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plexiglass plates using a Model 13800-93 Carver Laboratory Press (F.S. 

Carver Inc., NY). The filter paper were held in a desicator over 

anhydrous calcium chloride (J.T. Baker Chemical Co., NJ) prior to use. 

The wetted area around the pressed specimen was measured using a polar 

planimeter (Model 62 0015) (Keuffel and Esser Co., U.S.A.) and the 

2 
amount of expressible water was expressed as cm of wetted area per unit 

2 
weight of product (cm /g). 

C. Texture Profile Analysis (TPA) 

Chilled (2-4 C) heat-set gels were allowed to warm to ambient room 

temperature (21 - 220C).  The gels were carefully removed from tubes 

with a plunger and cylindrical shaped specimens were prepared by coring 

longitudinally the center of the samples to give specimens of uniform 

geometry (2.5 cm diameter, 2 cm length and weighing 7.5 - 8.0 g). 

Textural characteristics of the gels were measured by the textural 

profile method using a Model TM-M Instron Universal Testing Machine 

(Instron Corp., Canton, MA) using a 50 lb compression cell and following 

the recommendations of Breene (1974).  The crosshead and chart speeds 

were set at 50 mm/min and 500 mm/min, respectively. Results were 

defined in the texture terms for hardness, elasticity, cohesiveness, 

gumminess and chewiness as described by Abbot (1972). Hardness was 

defined as the peak force (kg) at a 50 %  maximum compression of the 

initial sample length.  Cohesiveness (dimensionless) was measured as the 

ratio of the second bite peak area reading to that of the first bite. 

Elasticity (cm) was calculated drawing a perpendicular line from the top 

of the second bite peak to the baseline and measuring the distance from 

the beginning of the peak to this mark.  Gumminess (arbitrary units) was 
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defined as the product of hardness and cohesiveness, while chewiness 

(arbitrary units) was defined as the product of gumminess and elasticity 

(Abbot, 1972). Ten replicate measurements of the textural 

characteristics of each heat-set gel treatment were carried out. 

V. Chemical Analyses 

A. Proximate Composition 

The proximate composition (moisture, lipids, protein and ash) of 

different lots of machine separated minced flesh and products of 

processing (washed/pressed flesh, refined flesh and surimi) washed 

minced flesh was determined in duplicate (A.O.A.C. 1984).  The moisture 

content of the minced flesh and flesh derived from washing/pressing 

procedures was carried out immediately after sampling. Remaining 

analyses were carried out the following day using additional samples 

held at 2-40C. 

B. Rapid Moisture Determination 

The moisture content of washed/pressed flesh, surimi, and heat-set 

gels was estimated with a Model 6010 Ohaus Rapid Moisture Determination 

Balance (Ohaus Scale Corp., NJ) on occasions when this information was 

needed to complete processing.  Ten grams of finely chopped sample were 

placed in a flat aluminum dish on the balance and exposed to infrared 

lamp heating for 25 minutes or until a constant weight was obtained 

(Kudo et al., 1973). 
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C. Determination of the pH 

Ten grams of sample were homogenized with 90 ml of water for 30 

seconds and the pH was measured using a digital pH meter (Model 701; 

Orion Research Incorporated. MA). 

D. Trimethylamine and Trimethylamine Oxide Determination. 

The trimethylamine and trimethylamine oxide content of separated 

flesh and products of processing was determined from trichloroacetic 

acid extracts.  Samples of flesh were blended immediately after 

processing for two minutes with enough 6.25 %  trichloroacetic acid to 

yield a final dilution of 1:5 (final trichloroacetic acid concentration 

of 5 %).     Homogenates were allowed to stand for 30 minutes at 2-4 C, 

filtered through S & S #588 filter paper and stored at -30oC prior to 

analysis. 

Trimethylamine was determined using the picric acid procedure of 

Dyer (1945) and the modification of Murray and Gibson (1972).  The 

modification of Murray and Gibson was altered to include a more 

extensive extraction (increased shaking of tubes from 40 to 150 times) 

of the color complex produced by the procedure as recommended by Argaiz 

(1976).  Concentrations were calculated from a regression equation based 

upon the resulting absorbancy produced by varying amounts of 

trimethylamine hydrochloride (Sigma Chemical Co. St. Louis, M0) 

standardized by their nitrogen content. The nitrogen content of 

solutions was determined using a semi-micro Kjeldahl procedure (A.O.A.C. 

1984). 
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Trimethylamine oxide was determined by using a modification of the 

procedure of Yamagata et al. (1969) involving the reduction of 

trimethylamine oxide to trimethylamine. Two ml of the trichloroacetic 

acid extract was transferred to a screw-top culture tube with a teflon 

cap and 1 ml of 1 % titanium chloride (J.T. Baker Chemical Co., NJ) 

solution was added.  The tube was capped and placed in a water bath at 

80oC for five minutes to accomplish the reduction.  The reaction mixture 

was cooled with cold water, mixed with a mixer to break a gel, if one 

occurred, then one ml was transferred to another screw-top culture tube 

with teflon cap and subjected to trimethylamine analysis.  The result of 

this determination represented the total trimethylamine (trimethylamine 

+ trimethylamine oxide).  The trimethylamine oxide was calculated by 

substracting the trimethylamine content from the total trimethylamine 

and multiplying the result by 1.2772 to express the results as the 

oxide. Results were expressed as mg of trimethylamine oxide per 100 g 

of dry sample. All analyses were carried out in duplicate. 

VI. Statistical Analysis of Data 

All the data were analyzed for the significance of difference by 

using the Student's t-test.  Stats Plus, a general statistics package 

for the Apple Il/IIe computers (Human Systems Dynamics, North Ridge, CA) 

was employed for data analysis (Madigen and Lawrence, 1984). 
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RESULTS AND DISCUSSION 

I. Equipment Evaluation 

During this investigation, the performance of recently acquired new 

surimi processing equipment was evaluated. This equipment was designed 

to carry out the three main unit operations of surimi processing; 

machine separation of flesh (deboning), dewatering, and washed flesh 

refining.  The functionality, efficiency, and over-all performance of 

this equipment was evaluated based upon the attributes of their product 

output. 

Mechanical deboning can greatly increase the yield of edible flesh 

derived from fishery resources and could improve the economy of the U.S. 

fishing industry. Mechanical flesh deboning involves the separation of 

flesh in the minced form from bone and skin. Martin (1976) reported 

that mechanical separation (deboning) can be used to recover an 

additional 20-25 %  of flesh weight from trimmings from species now being 

used for fillet production. Miyauchi and Steinberg (1970) reported that 

the total yield of minced flesh from various species of fish ranges from 

37 to 60 %  based upon round weight; this compares to a yield of 20-30 % 

intact flesh using conventional filleting techniques on the same 

species.  For example, Miyauchi and Steinberg (1970) obtained a 

separated flesh yield of 43 %  from cod and only a 23 %  of intact 

fillets.  The major attribute of mechanical deboning is the increased 

edible flesh yielded potential.  The quality (color and defect content) 

of minced flesh output from mechanical deboners can be altered through 

appropriate machine adjustments (pressure applied to the fish between 

the rubber belt and the counter rotating perforated drum). Maximum 
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pressure produces optimum flesh yield, but separated flesh contains more 

defects (small bones, skin particles and dark flesh lying adjacent to 

the skin). 

In this investigation, the color of the minced flesh was more of a 

concern than achieving the highest possible flesh yields.  Belt pressure 

was adjusted to 4.5 on the machine scale (maximum machine scale equaled 

12) to obtain largely light meat and leaving the dark flesh attached to 

the skin.  Dark flesh not only represented a color defect, but 

possessed a much higher lipid content and TMAOase activity than light 

flesh.  These would be undesirable attributes to impart to a surimi 

intermediate or to final heat-set gel products produced from surimi. 

It has been reported that a 30 %  yield of mechanically deboned 

minced flesh from a hake-related species (Alaska pollock) is necessary 

for the economical production of high quality surimi (Martin, 1976). 

Crawford et al. (1972) reported a plank (musculature with skin and bone 

separated from head, viscera and backbone) yield of 44.7 %  and a 

separated minced flesh yield of 35.5 %  based upon round weight using a 

Yanagiya Fish Separator. Mechanical separation of flesh from planks 

(42.93 %  yield based upon round weight) derived from hake in this 

investigation produced an average yield of 32.42 %  based on round weight 

(Tables 10 and 11).  These yields nearly equal those reported by 

Crawford et al. (1972) and were superior to those for Alaska pollack. 

The standard deviation of yields of 2.12 with a coefficient of variation 

of 6.5 %  indicated a reliable performance for machine separation of 

flesh in achieving a combination of good flesh color and high flesh 

recoveries.  Effective flesh separation was achieved and no heating of 

minced flesh was detected. 
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Table 10. Yield of machine separated flesh from Pacific 
hake. 

Weight (kg) 

YieJ Lot No. Round Planked Flesh Ld {%) 

1 304, .72 132. 72 90, .98 29, .86 
2 284, .16 123. ,16 96, .24 33 .87 
3 263, .00 103. ,68 83, .14 31 .61 
4 137, .85 55. .08 43, .46 31 .53 
5 151, .20 73. ,12 53, .28 35 .24 

Table 11. Mean yield of separated flesh from Pacific hake. 

Mean 
yield (%)a S.D. 

Initial weight 100 — 

Plankedb 42.93 3.58 

Fleshc 32.42 2.12 

bn = 5- 
Manually. 
Mechanical flesh separation 

Dewatering of washed minced flesh is important in the production of 

high quality surimi that will yield strong gel strengths. At the 

present time, several different types of dewatering equipment are used. 

The equipment can be classified into three board categories: screens, 

presses, and centrifuges (King, 1973).  Screen type equipment is 

commonly used between exchanges in multiple washing operation while 

screw type presses are better adapted for final dewatering operation to 

achieve low flesh moisture levels.  The screwpress type dehydrator used 

in this investigation most effectively reduced the water content of 

flesh at the lowest screw speed, but its production capacity was 
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somewhat limited and fine solids were forced through the press screen 

thus reducing yield. King (1973) suggested that solid-bowl centrifuge 

type dehydrators could produce superior yields of dehydrated flesh. 

Surimi can be prepared directly from dewatered flesh, but it would 

not have a uniform appearance and composition required to prepare some 

products.  Processing flesh through a refining or straining machine 

removes small bone chips, pieces of skin or belly wall membranes and 

connective tissues which could make the products prepared from surimi 

less acceptable to the consumers.  Refiners are of two general types; 

both involve the forcing of soft muscle tissue through a fine screen 

leaving the "tougher" bone, skin and connective tissues behind. 

Refiners, with higher production capacity, are designed to process flesh 

in the presence of relatively large amounts of water before pressing. 

The strainer used in this investigation was designed to process pressed 

flesh.  It efficiently removed small pieces of dark skin and intestinal 

lining and connective tissue and produced a white and consistent 

product. Processing did produce a rise in product temperature even with 

a cooling attachment that interfaced with surfaces exposed to friction 

heating. This temperature increase was most evident when lower moisture 

(73.23-76.59 %)  pressed flesh was processed. 

II. Composition of Machine Separated Flesh 

The composition of separated flesh derived from the five lots of 

fish agree with those reported (Jacquot, 1961; Sidwell et al., 1973; 

Patashnik, et al. 1982) for Pacific hake and related species generally 

categorized as "lean fish" (Table 12). 
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Table 12. Proximate composition of machine separated flesh. 

Percent (wet wt.) Percent (dry wt.) 

Lot No. Moisture Protein Lipid Ash Protein Lipid Ash 

1 82.72          15.34            0.77 1.16 88.77            4.45 6.71 
2 82.38         15.78            0.81 1.03 89.56            4.60 5.84 
3 82.91          15.31            0.73 1.05 89.58            4.27 6.14 
4 82.55          15.56            0.92 0.97 89.17            5.27 5.56 
5 82.32          15.76            0.88 1.04 89.14            4.98 5.88 

Mean 82, .58 15, .55 0, .82 1, .05 89, ,24 4 .71 6 .03 
S .D. 0. .24 0, .22 0, .08 0 .07 0. .34 0 .41 0 .43 

III. Optimizing Flesh Washing: Preliminary Investigations 

Washing is the initial step in the conversion of minced flesh 

into surimi.  The Japanese washing process uses from one to several 

exchanges of fresh water in amounts of two to eight times the flesh 

volume. The number of exchanges and volume of water used for each 

exchange depends upon species and freshness of the fish from which the 

minced flesh was derived.  The goal of their process was to produce a 

white mince possessing a bland flavor and superior gel-forming ability 

upon salt solubilization and heat-setting. While this process produces 

a white colored and bland flesh and imparts stability toward protein 

denaturation during frozen storage, it requires a large amount of fresh 

water and produces a large amount of waste.  Two general types of waste 

are produced: (1) solid waste derived from heading and eviscerating and 

bone and skin from machine flesh separation; and (2) water waste 

containing soluble protein, suspended fine particulate matter and oil 

from flesh washing and dewatering. 

All of the water used to produce surimi is discharged as waste 

water and represents a major waste management problem (Lee, 1984). 
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Watanabe et al. (1985) and Niki et al. (1985) reported that about 30 to 

45 %  of the protein content of minced flesh was lost in effluent wash 

water during the production of surimi.  Water soluble protein composed 

80 %  of this lost protein.  Niki et al. (1985) proposed methodology for 

the recovery of edible soluble and suspended protein from waste water as 

the best solution to waste management problems associated with surimi 

processing and proposed the addition of this recovered protein to the 

final surimi product as a means of improving yield. 

The washing unit operation is the key step in surimi production; 

yield of washed flesh and water usage have an inverse relationship. 

Utilization of large amounts of water has advantages from the Japanese 

point of view since such processing produces the highest grade of 

surimi.  Large amounts of water effectively remove a large portion of 

the water soluble sarcoplasmic proteins, pigments, small nitrogenous 

compounds (TMAO), lipids, and mineral salts from minced flesh.  It is 

believed that such muscle constituents enhance the denaturation (TMAO, 

lipids, pigments) of myofibrillar proteins during the frozen storage of 

surimi and/or interfere (water soluble proteins) with the gel network 

formation when salt solubilized surimi is heated to form kamaboko 

(Okada, 1964; Castell et al.,1970; Regenstein, 1986).  This high grade 

surimi possesses a capability of producing a strong gel with a rubbery 

and turgid texture that is highly accepted in Japanese products. 

Based upon the prospect for a good acceptance of products 

manufactured from surimi possessing lower gel forming capabilities, 

preliminary investigations were carried out to improve the efficiency of 

the washing unit operation (Table 13).  Efforts were directed toward (1) 

reducing the amount of water required, (2) increasing the yield of 
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washed flesh, and (3) developing a kamaboko-type product to evaluate the 

characteristics of surimi produced by the different washing procedures. 

Removal of TMAO and yield of solids were used as indices of wash 

procedure effectiveness. 

Table 13. Preliminary washing procedures. 

Process Ratiob Exchanges Screening Pressing "pHC 

W-P 1:1 1 0 1 6.68 
W-P 2:1 1 0 1 6.68 
W-P 3:1 1 0 1 6.68 
W-S-W-P 2 1 1 6.68 
W-P-W-P 2 0 2 6.68 
W-S-W-S-W-P 3 2 1 6.68 
W-P-W-P-W-P 3 0 3 6.68 
A-S-W-P 2 1 1 5.80 
A-S-W-P 2 1 1 5.50 
A-S-W-P 2 1 1 4.90 

W = potable water washing; P = pressing; S = screening; 
A = acid washing 

Water:flesh ratio per exchange 
'Water:flesh mixture pH of first exchange; pH 5.8, 5.5 

and 4.9 pH adjustments accomplished with 0.4, 0.6 and 
0.8% phosphoric acid (vol.:wt.) 

A. Use of Potable Water 

1. Water:Minced Flesh Ratios; One Exchange 

Single wash exchanges of water:minced flesh ratios of 1:1, 2:1, and 

3:1 (Table 13) altered pressed flesh composition. Moisture contents 

were elevated and TMAO and ash levels were reduced in relationship to 

the amount of water used per unit weight of minced flesh (Table 14). 

Only the 3:1 water:flesh wash relationship produced a detectable level 

of lipid removal. Flesh ash content was most markedly affected by 

increased water:flesh relationships (Table 14). 
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Table 14. Mince flesh composition after washing and dewatering. 
Water:minced flesh ratios; one exchange. 

Wash 
Process 
(water:flesh) 

Percent (wet wt.) Percent (dry wt.) TMAO (mg TMA0- 
N/g dry wt.) 
(UW/W) Moisture i Solids Protein Lipid Ash 

Unwashed 
W-P(l:l) 
W-P(2:l) 
W-P(3:l) 

82.55 
79.98 
82.07 
83.28 

17.45 
20.22 
17.93 
16.72 

88.77 
90.01 
90.60 
91.69 

4.53 
6.54 
6.60 
5.84 

6.88 
3.45 
2.80 
2.47 

3.86/1.06 
3.52/0.85 
3.33/0.72 

W = potable water wash; P = press; UW = unwashed 
!*pH = 6.68 
Mean of 6 samples for proximate composition 

Removal of solids from flesh was dependent upon the amount of water 

in contact with a unit weight of minced flesh, but not on a directly 

proportional basis (Table 15).  Protein recoveries for 1:1, 2:1 and 3:1 

water:minced flesh washes were 83.41, 81.21 and 76.69 %,   respectively. 

Wash relationships of 2:1 and 3:1 removed 113 and 140 %  of the soluble 

protein removed by the 1:1 wash. Ash was reduced by 107 and 125 %  by a 

similar water:minced flesh relationship for reductions of 58.73, 62.72 

and 73.37 %,   respectively.  Conversely, the efficiency of total solids 

removal per unit amount of water for 2:1 and 3:1 water:minced flesh wash 

relationships was 58.2 and 48.5 %  of the 1:1 wash relationship. 

Conversely, TMAO levels were not appreciably further reduced by wash 

relationships of 2:1 and 3:1 over that observed for a 1:1 relationship. 

Table 15. Effectiveness of varying water:flesh ratios; 
one exchange. 

Water:flesh ratio: 1:1 2:1 3:1 

Recovery (%): 
Solids 82.23 79.31 74.15 
Protein 83.41 81.21 76.69 

Reduction (%): 
TMAO 72.59 75.88 78.44 
Lipid 0.00 0.00 4.40 
Ash 58.73 62.72 73.37 
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The loss of protein observed for these water:minced flesh 

relationships (16.59, 18.79 and 23.31 %  for water minced flesh 

relationships of 1:1, 2:1 and 3:1, respectively) was far less than the 

30-40 %  reported by Watanabe et al. (1985) and Niki et al. (1985).  They 

do, however, represent a considerable yield loss and waste management 

problem.  For each 100 kg of minced flesh washed, 2.57-3.61 kg of 

protein would be loss in effluent wash water. 

2. Water:Minced Flesh Ratio 1:1; Multiple Exchanges with Screening 

Multiple exchanges of water:minced flesh relationships of 1:1 

produced changes in final pressed flesh composition comparable in 

quality to those observed for single exchanges of equal water volume 

contact, but slightly different in quantity (Table 16). Multiple 

exchanges produced somewhat higher moisture and lower ash contents. 

Lipid contents were higher, but TMAO levels were comparable.  The 

composition of pressed flesh was not greatly changed by 1:1 wash 

exchanges beyond two. A third exchange increased the moisture content 

of pressed flesh, but protein, lipid, ash and TMAO contents were not 

appreciably altered. 

Table 16. Mince flesh composition after washing and dewatering. 
Water:minced flesh ratio 1:1; multiple exchanges with 
screening and final pressing. 

Percent (wet wt.)    Percent (dry wt.)  TMAO (mg TMA0- 
Wash     N/g dry wt. ) 
Process3      Moisture Solids Protein Lipid   Ash  (UW/W) 

Unwashedb 82.55 17.45 88.77 4.53 6.88 
W-P(l:l) 79.98 20.22 90.01 6.54 3.45 3.86/1.06 
W-S-W-P 83.32 16.68 90.11 7.45 2.44 3.62/0.77 
W-S-W-S-W-P 84.97 15.03 91.48 6.90 2.30 3.58/0.85 

W = potable water wash; P = press; S = screen; UW = unwashed 
,pH = 6.68; water:flesh ratio =1:1 
Mean of 6 samples for proximate composition 
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The recoveries of total solids and protein from two and three 1:1 

water:minced flesh exchanges were comparable, but markedly less than the 

recovery from one exchange (Table 17).  Recoveries were also 

considerably less than obtained by a single exchange, but equal amount 

of water (Table 15). Two sources comprised losses occurring during this 

series of wash evaluations: (1) soluble components and (2) fine 

particulate material.  Losses from screening were observed to be 

extensive and to far surpass that observed in dewatering carried out 

with a press. The similarity between recoveries obtained from two and 

three exchanges suggested that most of the fine particulate matter was 

lost during the first screen dewatering operation. Very little loss 

apparently occurred during the second screen dewatering operation of the 

wash regime comprising three exchanges. 

Table 17. Effectiveness of water:flesh 1:1 wash; multiple 
exchanges with screening and final pressing. 

Total water:flesh ratio: 

Recovery (%): 
Solids 
Protein 

Reduction (%) 
TMAO 
Lipid 
Ash 

1: :la 2; :1 3: :1 

82 .23 60, .80 60, .23 
83 .41 61 .85 62, ,07 

72, .59 78, .62 76, ,25 
0, .00 0, .00 8 .16 

58, .73 78, .44 79, .84 

Reference water:flesh (1:1) single exchange wash; press 

3. Water:Minced Flesh Ratio 1:1; Multiple Exchanges with Pressing 

Pressing between washings was more effective in reducing lipid and 

TMAO content (Table 18) in pressed flesh and more effective in 

recovering solids and protein (Table 19) than similar multiple exchanges 

using screening (Tables 16 and 17).  Two exchanges resulted in a loss of 
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31.75 %  and 29.95 %  of solids and protein, respectively (5.54 kg of 

solids and 4.64 kg of protein/100 kg of minced flesh). An additional 

exchange produced a total loss of 34.10 %  solids and 31.50 %  protein. 

The third exchange accounted for only 2.35 percentage points of the 

total solids loss and 1.55 percentage points in protein loss. 

Table 18. Mince flesh composition after washing and dewatering. 
Water:flesh ratio 1:1; multiple exchanges with pressing. 

Percent (wet wt.)    Percent (dry wt.)  TMAO (mg TMA0- 
Wash    N/g dry wt.) 
Process       Moisture  Solids Protein Lipid  Ash  (UW/W) 

Unwashed 82.55 17.45 88.77 4.53 6.88 
W-P 79.98 20.22 90.01 6.54 3.45 3.86/1.06 
W-P-W-P 84.96 15.04 90.96 5.98 3.06 3.83/0.66 
W-P-W-P-W-P 87.04 12.96 92.05 5.79 2.16 3.83/0.48 

W = potable water wash; P = press; UW = unwashed 
.pH = 6.68; water:flesh ratio =1:1 
Mean of 6 samples for proximate composition 

Table 19. Effectiveness of water:flesh 1:1 wash; multiple 
exchanges with pressing. 

Total water:flesh ratio: 

Recovery (%): 
Solids 
Protein 

Reduction (%): 
TMAO 
Lipid 
Ash 

1: :la 2: :1 3: :1 

82, .23 68, .25 65, .90 
83, .41 70, ,05 68 .50 

72, .59 82, ,62 87 .37 
0, .00 9, .88 15 .74 

58, .73 69, .44 79 .30 

Reference water:flesh (1:1) single exchange wash; press 

B. Use of a Low pH Washing Regime 

Reducing the pH of water:flesh mixtures used to wash minced flesh 

was evaluated as a means of optimizing pressed flesh yield and reducing 

the quantity of water required for washing. Washing flesh under 
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conditions near the mean isoelectric point of minced flesh proteins 

would reduce the quantity of protein lost in discharged waste water and 

improve yield. Minced flesh proteins would shrink or concentrate and 

allow for more efficient washing at low water:flesh ratios favoring a 

reduction in the total amount of water required for washing. 

Concentration would also favor the generation of greater pressures 

during dewatering and promote a greater loss of lipid during pressing. 

A two exchange wash was chosen to evaluate this washing regime. 

The water:minced flesh (1:1) of the first exchange was treated with acid 

(phosphoric acid) to the desired pH.  The mixture was screened and the 

solids were subjected to a second exchange (water:minced flesh, 1:1) in 

potable water and pressed.  The pH values of water:minced flesh mixtures 

approximating 6.68, which were in accordance with those reported by 

Castell and Snow (1949) for the muscle of most marine fish proteins and 

with those determined by Patashnik et al. (1982) for Pacific hake, were 

reduced to 5.8, 5.5 and 4.9 and the mixtures subjected to the described 

washing procedure. These pH conditions approached and bracketed the pH 

5.2 isoelectric point for fish myofibrillar proteins reported by Dyer 

(1950). 

Trial investigations at pH levels lower than 4.9 produced a 

swelling and an increase in the water holding capacity of minced flesh 

proteins characteristic of a divergence of protein charge from a neutral 

condition.  Washing under pH conditions lower than the isoelectric point 

would preclude the washing efficiencies desired.  Proteins would also be 

twice subjected to neutral charge conditions which could favor 

irreversible structural changes upon pH adjustment of minced flesh after 

washing and pressing. 
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Adjustment of water:minced flesh mixture acidity in the first wash 

exchange altered pressed flesh composition from those observed for an 

identical wash regime using potable water (wash-screen-wash-press) 

(Table 20).  Pressed flesh moisture contents were lowered from 

approximately 83 %  to a range of from 77-73 %.     Reduction of wash 

mixture pH from 5.8 to 4.9 produced a pH dependent lowering of pressed 

flesh moisture content from 76.59 to 73.23 %.     The alteration of pressed 

flesh physical characteristics under acidic conditions improved the 

removal of fat during pressing.  Fat content was reduced from 7.45 %  to 

a range of from 4.00-4.76 %  dry weight.  Fat content, while reduced 

under acidic conditions, did not appear to depend upon acidity below pH 

5.8.  Protein and ash contents were somewhat elevated and TMAO levels 

were markedly reduced. 

In direct comparison to a similar potable water wash (pH 6.68) 

(wash-screen-wash-press), acidic wash conditions altered flesh recovery 

and component reduction characteristics (Table 21). Acidic conditions 

improved solids and protein recovery through pressing at pH levels below 

5.5.  Both of these systems were subject to the same physical potential 

for the loss of solids through screening, but flesh washed under acidic 

conditions was composed of more smaller particle sizes derived from the 

precipitation of soluble minced flesh proteins.  During screening, fines 

from acid treated flesh appeared to be more subject to solids loss. 

Acidic conditions favored lipid reduction over water washing. The 

alterations in minced flesh physical characteristics under acidic 

conditions improved wash and pressing efficiency for lipid and TMAO 

removal, but ash removal was largely unaffected.  The degree of 

reduction observed for these components was not strictly dependent upon 
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the acidity of the wash mixture.  At pH 5.5 and 4.9, the physical 

characteristics of the washed flesh appeared to produce comparable 

washing and pressing efficiencies. 

Table 20. Mince flesh composition after washing and dewatering. 
Water:flesh ratio 1:1; two exchanges with screening and 
final press; reduced water:flesh pH conditions in first 
exchange. 

Percent (wet wt.)   Percent (dry wt.)   TMAO (mg TMA0- 
Wash    N/g dry wt.) 
Processa      Moisture  Solids Protein Lipid  Ash  (UW/W) 

Unwashedb 82.55 17.45 88.77 4.53 6.88 
W-S-W-P(6.68) 83.32 16.68 90.11 7.45 2.44 3.62/0.77 
A-S-W-P(5.8) 76.59 23.41 93.04 4.19 2.76 3.10/0.31 
A-S-W-P(5.5) 74.07 25.93 91.98 4.78 3.28 2.89/0.24 
A-S-W-P(4.9) 73.23 26.77 92.87 4.00 3.10 2.82/0.25 

W = potable water wash; A = acid wash; S = screening; P = pressing; UW 
unwashed 
i) = Flesh:water pH during first exchange 
.Water:flesh ratio =1:1 
Mean of 6 samples for proximate analysis 

Table 21. Effectiveness of water:flesh 1:1 wash; two exchanges with 
screening and final pressing; reduced water:flesh pH 
conditions in first exchange. 

Recovery {%) Reduction (%) 
Wash        ■  
pH       Solids   Protein     TMAO      Lipid       Ash 

6.68a 68.25 70.05 82.62 9.88 69.44 
5.8 55.77 60.52 89.86 46.77 76.91 
5.5 68.19 70.87 91.78 28.04 67.49 
4.9 74.19 78.32 91.29 33.97 66.30 

Reference water:flesh (1:1) wash; two exchanges; screen after 
first exchange; press after last exchange 

C. Evaluation of Washing Procedures 

Single exchanges in potable water produced solids and protein 

recoveries superior to those observed for multiple exchanges utilizing 
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the same total amount of water (Tables 15, 17 and 19).  The degree of 

recovery in single exchange systems depended upon the total water:minced 

flesh ratio involved in the washing regime. Most of the solids loss in 

multiple exchange systems occurred during the first exchange. The 

losses occurring during multiple exchange washing were also mediated by 

the system used to separate solids between exchanges.  Screening 

substantially reduced yield over that observed when a press was used to 

separate solids between exchanges. Recovery of solids and protein from 

flesh washed once near the apparent isoelectric point of flesh proteins 

(pH 4.9) and a second time with potable water (Table 21) was nearly 

equal to a single potable water exchange of equal total volume. It was 

also superior to two potable water exchanges of equal volume with either 

screen or press separation between exchanges. 

The moisture content of pressed flesh was increased by both the 

total potable water:minced flesh ratio and by the number of exchanges to 

which minced flesh was exposed (Tables 14, 16 and 18).  Increases 

observed for single exchanges were related directly to the ratio of 

water:minced flesh and amounted to only 3.3 percentage points for a 

threefold increase in the water:minced flesh ratio.  Increases occurring 

during multiple exchanges were greater even when the total water:minced 

flesh ratio was the same (two exchanges: screening = 3.34 and pressing = 

4.98 percentage points; three exchanges: screening =4.99 and pressing = 

7.06 percentage points).  It is apparent that contact time between water 

and minced flesh played a role in producing these higher moisture 

levels. While the washing time for each exchange was constant, the time 

of exposure increased directly with the number of exchanges.  In 
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addition, the time needed for separation by screening or pressing 

further increased the time of exposure over a single exchange. 

Washing under acidic conditions (acidic wash-screening-potable 

water wash-press) (Table 20) produced markedly lower moisture contents 

over those observed for washing with potable water regardless of the 

water:minced flesh ratio or the number of exchanges involved. Washing 

occurring in a water:minced flesh mixture at pH 4.9 produced pressed 

flesh with a moisture content 10.09 percentage points lower than minced 

flesh wash in an identical (water:minced flesh ratio; means of 

separation between exchages) potable water regime (Table 16). 

Alteration of the lipid content of minced flesh by washing 

procedures appeared to be a function of the duration of washing and the 

degree of pressing involved in the operation.  Single and dual 

(screening between exchanges) potable water exchanges did not produce a 

measurable reduction in lipid content (Tables 15, 17 and 19).  Extension 

of this washing regime (screening between exchanges) to a third exchange 

produced measurable losses of lipid. Washing involving two and three 

exchanges with pressing between exchanges produced measurable losses of 

lipid with both two and three exchanges.  The quantity of lipid lost 

depended upon the number of pressing operations to which the washed 

flesh was subjected.  Pressing of minced flesh proteins washed near 

their isoelectric point produced a considerably greater loss of lipid 

(Table 21).  Reduction of lipid content ranged from 33 times for a 

directly comparable wash regime (two exchanges with screening between 

exchanges) to approximately two times that of a regime involving three 

exchanges and three pressing operations. 
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Removal of ash from minced flesh by washing operations appeared to 

be a function of the water:minced flesh ratio and/or contact time 

between water and flesh (Tables 15, 17 and 19).  The degree to which 

washed flesh was pressed did not increase ash losses. Minced flesh ash 

content was more efficiently removed by multiple exchanges than single 

exchanges of equal potable water volume. Minced flesh washed under 

acidic conditions retained slightly more ash than flesh washed with 

potable water. 

Pressing and washing under acidic conditions most markedly affected 

removal of TMAO from minced flesh (Tables 15, 17, 19 and 21).  Multiple 

exchanges with screening between exchanges did not remove TMAO more 

efficiently than single exchanges of equal water volume.  Pressing 

between exchanges in multiple exchange wash regimes improved TMAO 

reduction somewhat over that observed for both single exchange regimes 

of equal water volume and similar multiple exchanges with screening 

between exchanges.  TMAO was reduced by 83 and 87 %  for two and three 

exchange regimes, respectively.  This represented an improvement of 

4.00-11.12 percentage points over similar multiple exchange regimes 

using screening and single exchanges of equal water volume. Washing 

under acidic conditions produced an approximate 91 %  reduction in 

content and proved to be the most efficient wash regime for removing 

TMAO. 

The quantity of water used in these investigations was relatively 

limited.  Lee (1984) has reported that conventional batch surimi 

processes used in shore based plants require a volume of water for each 

washing of five to ten times that of the minced flesh and at least three 

washing cycles. The maximum volume of water used in this investigation 
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amounted to three times the weight of minced flesh (Table 22). 

Compositional changes observed for the washing regimes investigated 

would appear to indicate that considerably less water is needed for 

adequate washing. A single exchange at only a water:minced flesh ratio 

of 1.0 removed the majority of soluble protein and TMAO (Table 15). 

Compositional differences observed between water:minced flesh ratios of 

two and three for single wash exchanges were not of great magnitude. 

Table 22.  Water requirements for washing regime. 

Total water:flesh ratio (wt:wt) 

Ix 2x 3x 

1:1 W-P        2:1 W-P 3:1 W-P 
1:1 W-S-W-P 1:1 W-S-W-S-W-P 
1:1 W-P-W-P 1:1 W-P-W-P-W-P 
1:1 A-S-W-P 

W = potable water wash; P = press; S = screen; A = acid 
wash 

Two of the wash regimes evaluated produced the most favorable yield 

and compositional characteristics.  The single exchange of potable water 

at a water:minced flesh ratio of 3.0 produced a superior protein 

recovery and satisfactory reduction in TMAO reduction and lipid content. 

The time of exposure of flesh and water in single exchanges favored a 

lower pressed flesh moisture content desired for the production of 

better grade surimi. While multiple exchanges with pressing between 

exchanges produced better reductions of TMAO and lipid, the recovery of 

solids and protein from these regimes was inferior and the longer 

exposure time of flesh to water favored higher moisture contents of the 

pressed minced flesh. 
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Washing (water:minced flesh = 1.0) under acidic conditions near the 

isoelectric point (pH 4.9) of the minced flesh protein followed by a 

potable water wash (water:minced flesh = 1.0) produced protein 

recoveries superior or equal to all of the wash regimes of equal total 

water volume. This excellent recovery was obtained even with 

considerable loss occurring during screening between exchanges. 

Separation between exchanges by centrifugation could further improve 

protein recovery. TMAO levels and pressed flesh moisture contents were 

reduced by this wash regime to their lowest level.  Low pressed flesh 

moisture levels would allow a high degree of flexibility for surimi 

production since the relationship of moisture and soluble protein in 

pressed flesh plays an important role in determining gel strength of 

salt solubilized and heat-set surimi. 

IV. Evaluation of Optimum Washing Procedures 

Two washing procedures shown by preliminary investigations to 

produce optimum pressed flesh yield and composition characteristics were 

further evaluated and compared.  A single potable water exchange at a 

water:minced flesh ratio of 3.0 followed by pressing composed the first 

regime. The second wash regime was composed of an acid (pH 5.0-5.3) 

wash followed by screen separation of solids, then a second exchange in 

potable water followed by pressing.  Both exchanges of the second 

procedure were carried out at a water:minced flesh ratio of 1.0 (Table 

23).  Both washing regimes were evaluated by three separate process 

evaluations. 

Potable water washing produced pressed flesh moisture contents 

which were on an average of 22 %  greater than the content of acid washed 
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flesh, but slightly lower in protein and ash content on a dry weight 

basis (Table 24). 

Table 23. Optimum washing procedures 

Process   Ratio Exchanges  Screening  Pressing   pH 

W-P        3:1      1 0 1      6.68 
A-S-W-P    1:1      2 1 1      5.0-5.3a 

W = potable water wash; P = pressing; A = acid wash; S = 
screening 
pH adjustment accomplished with 0.65% phosphoric acid (vol:wt); 

pH of second potable water wash was 6.0-6.1 

Acid washed flesh was lower in lipid content.  The acid wash system 

produced equal (P=.05) solids and slightly better (N.S. P=.05) protein 

recovery (Table 25). Washing under acid conditions significantly 

reduced the TMAO (P=.005) and lipid (P=.001) content of pressed flesh 

over that observed for the potable water wash. Mineral ash was more 

efficiently (P=.003) removed by the potable water wash. 

Table 24. Optimum washing procedures.  Composition of 
minced flesh after washing and press dewatering. 

Wash procedure 

Potable water        Low pH 

% Moisture 83.56 (1.81) 68.47 (4.17) 
% Solids 16.44 (1.81) 31.53 (4.17) 
% Proteina 90.90 (0.70) 92.62 (0.29) 
% Lipids3 6.93 (0.96) 4.27 (0.30) 
%  Asha 2.48 (0.06) 3.13 (0.14) 

Dry basis 
() = S. D.; n = 3 

The relative effect of these two washing procedures was similar to 

that observed for similar regimes evaluated in the preliminary 

investigations. Acid wash procedures produced flesh compositions that 
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reflected the minimum water holding capacity of minced flesh protein 

washed near their isoelectric point (lower pressed flesh moisture 

Table 25. Optimum washing procedures.  Effectiveness 
of washing procedures. 

Washing procedure 

Potable water      Low pH 

Recovery {%): 
Solids3^ 73.32 (2.84) 73.02 (2.01) 
Protein3 74.07 (3.35) 76.20 (2.33) 
Reduction (%): 
TMAOb 74.70 (4.52) 91.41 (0.97) 
Lipidsd 1.47 (2.54) 31.14 (4.94) 
AshC 73.88 (1.54) 66.84 (0.99) 

() = S. D.; n = 3 
Values aN.S. P<..05; Sig. P>_.005;CSig. P>_.003; 

Sig. PX001 

contents) and its physical characteristics which developed greater 

pressures during screw press dewatering (reduction of fat content).  The 

relative recovery of solids and its protein complement were mediated by 

losses of "fines" during the screening operation between the wash 

exchanges composing the acid wash regime.  The yield from acid washing 

relative to potable water washing would have been improved if fines 

could have been recovered.  The superior efficiency of the conditions 

created by the acid wash regime over potable washing for removal of TMAO 

was confirmed.  This was accomplished using 66 %  of the water used for 

potable water washing. 

V. Evaluation of Washed Flesh 

Samples of pressed flesh derived from the two evaluated wash 

regimes were processed into the intermediate surimi.  The produced 
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surimi was salt solubilized and heat-set.  The gel strengths produced by 

flesh washed under the two evaluated regimes was determined and 

compared. 

A. Surimi Preparation 

Pressed flesh derived from acid washing was mixed in a silent 

cutter with sodium carbonate (0.8 %),  condensed phosphate (0.5 %) 

(Brifisol 414) and water in quantities necessary to produce a pH of 

approximately 7.0 and a moisture content of 82.55 %.    To this mixture, 4 

%  each of the cryoprotectants sorbitol and surcrose and sufficient water 

to bring the mixture to a 77 %  moisture content were added and 

thoroughly mixed. Preparation of surimi from flesh washed in potable 

water followed an identical schedule except the pH of the flesh was not 

adjusted with sodium carbonate.  Surimi was prepared at <10 C and frozen 

and held at -300C. 

The pH of surimi produced from both potable water and acid washed 

flesh was altered favorably by the additions of condensed phosphate and 

sodium carbonate. The pH for surimi produced from flesh washed in 

potable water approximated 7.0.  Those produced from acid washed flesh 

with pH adjustment accomplished with sodium carbonate ranged from pH 

7.3-7.5. Different alkaline compounds such as sodium carbonate (Tanaka 

et al., 1968), sodium bicarbonate (Suzuki et al., 1978) or sodium 

hydroxide (Miyake and Tanaka, 1969) have routinely been used to increase 

the pH of surimi to improve its frozen shelf life and the strength and 

elasticity of its salt solubilized and heat-set gels.  Tanaka et al. 

(1968) and Miyake and Tanaka (1969) have indicated that a pH range of 

7.0-7.5 produced the strongest gel strengths and the greatest degree of 
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elasticity in gels prepared from surimi produced from white fleshed 

fish, such as Pacific hake. Arai and Takashi (1973) observed that the 

protective effect of sugar compounds on the denaturation of muscle 

proteins during frozen storage were more efficient at neutral pH.  They 

found a pH 7 > 8 > 6 order of effectiveness for sorbitol protection 

against denaturation. 

The only observable difference between surimi produced from the two 

wash procedures was related to color and consistency.  Surimi produced 

from acid washed flesh possessed a more intense yellow color and was 

very sticky and difficult to handle.  The observed color characteristics 

are not unusual for surimi prior to freezing. 

B. Preparation of Heat-Set Gels (Kamaboko) 

Samples of the surimi produced from flesh derived from the two wash 

regimes was salt solubilized and heat set to establish their relative 

gel forming capabilities. The formulation listed on Table 26 summarizes 

the total results of the sequential processing procedure outlined in the 

Materials and Methods section. 

The production of a firm gel requires both the optimum 

solubilization of myofibrillar proteins and the formation of a network 

structure from the extracted proteins.  Pacific hake has been regarded 

as a species with low or no gel forming capability.  Patashnik et al. 

(1982) suggested this characteristic does not appear to be an intrinsic 

property of its muscle, but a function of the degree of muscle 

parasitization.  It was concluded that attack of myofibrillar protein, 

particularly during heat-setting, by proteolytic enzymes derived from 

parasites precluded the formation of firm gels.  Kudo et al. (1973), 
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however reported the formation of strong gels with good elasticity from 

washed minced flesh derived from Pacific hake. 

Table 26. Formulation for Heat-set Gels 

Amount (g) 

Surimi 
Ice 

500 
159 

Parts 

75.87 
24.13 

Surimi and ice 

Surimi and ice 
Salt 
Dried egg white 
Potato starch 

659 100.00 

659.00 100.00 
16.48 2.5 
32.95 5.0 
32.95 5.0 

Total' 741.38 112.5 

a Moisture content = 77 % 
Maximum moisture content approximating 73.4 % 

Initial evaluations of the two surimi lots produced very soft gels 

with unacceptable strengths.  To improve gel strengths for comparative 

purposes, potato starch and dried egg white were combined with surimi 

and the addition of water to the mixture prior to heat treatment was 

limited to a maximum of 74 %.     The two additives used are widely found 

in surimi-based products now found on the market. Higher moisture 

contents produced detectable reductions in gel strength.  Differences, 

if any, between the two surimi lots were assumed to be a result of the 

characteristics produced by variations in washing operation. 

C. Evaluation of Gel-Forming Capacity 

The gel-forming capacity of heat-set gels (kamaboko) prepared from 

surimi produced from washed flesh derived from the two flesh washing 
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regimes was determined.  Gel-forming capacity was determined in terms of 

a "folding test", expressible water, and texture profile analysis (TPA). 

The "folding test" was a simple and rapid test commonly used to 

determine the strength and elasticity of heat-set gels produced from 

surimi (Holmquist et al., 1984; Kawashima et al., 1973).  This test 

method grades surimi on the basis of the degree of cracking that is 

produced as disk of heat-set gel is folded.  The Japanese system of 

grading surimi by the folding test is outlined in Table 27.  Suzuki 

(1981) reported that surimi grade as determined by the folding test not 

only depended upon the quality of surimi protein, but also upon the 

amount of additives used in the formulation of heat-set gels (kamaboko). 

He observed that lower grade surimi (grades B.C.D) prepared from Alaska 

pollack flesh yielded SA grade kamaboko according to the folding test 

upon the addition of different amounts of starch up to 10 %. 

Table 27. Japanese grading scale for the folding test. 

Numerical Degree of 
score Grade Result of folding test elasticity 

5 SA or AA No cracks on folding Extremely 
into quarters elastic 

4 A No crack on folding Moderately 
in half; crack on elastic 
folding in quarters 

3 B Some cracking on Slightly 
folding in half elastic 

2 C Breaks into pieces Not 
on folding in half Elastic 

1 D Breaks into 
fragments with 
finger pressure 

Poor 

Source: Nippon Suisan Kaisha Ltd (1980) 
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Gels prepared from surimi produced from potable water washed flesh 

were easily assigned a SA grade according to the folding test (Table 

28).  Grades for gel disks of surimi produced from flesh washed using 

the low pH procedure fell approximately equally within the A and B 

grade. An average grade of A-B was assigned. 

Suzuki et al. (1981) found that water cannot be manually pressed 

from gels with a strong gel protein network, while weak gels possessed 

easily expressed water. Holmquist et al. (1984) used only the folding 

test and expressible water as tests to determine gel quality 

characteristics. Since fish muscle proteins were subjected to a low pH 

Table 28. Folding test grade of gels prepared from 
surimi produced from flesh washed with 
potable water and under acidic conditions. 

Numerical   Japanese 
score      grade 

SA 

Numerical 

Japanese grade 

Flesh washing procedure 

Potable water    Low pH 

47 
(90.4 %) 

4 
(7.6 %) 

(2.0 %) 

0 
(0 K) 

0 
(0 %) 

3 
(5.8 %) 

21 
(40.4 %) 

19 
(36.5 %) 

9 
(17.3 %) 

0 
(0 *) 

Average grade 

4.88 3.34 

SA A-B 

Values are the result of 52 separate measurements of 
each gel formulation 

Values in ( ) are the percentages of disks falling 
into each category 
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conditions near their isoelectric point in this investigation, the 

determination of expressible water was carried out as an indice of 

water-holding capacity.  Changes in water-holding capacity are a very 

sensitive indicator of changes in charges and structure of muscle 

proteins.  It was shown by Hamm (1960) that pH has an influence on 

muscle protein hydration and that changes in hydration can be an 

indicator of biochemical changes in muscle proteins. Lee and Toledo 

(1976) determined changes in the physical state of the protein-water 

system of a cooked comminuted fish muscle from the quantity of 

expressible water.  In their study, free or mobilizable water was 

evaluated as a textural parameter since it provides a measure not only 

of the water-holding capacity, but it could also affect the sensory 

perception of product juiciness. A close relationship between gel 

texture and the water-holding capacity of cooked gels has been reported 

by other researchers (Lee, 1984; Suzuki, 1981; Cheng et al. 1979b). 

Gels prepared from the surimi produced from flesh washed using the 

two regimes did not vary significantly (P<_.05) in the quantity of water 

expressed (Table 29).  This result was somewhat at variance with the 

poorer grade shown by gels produced from flesh washed under acidic 

conditions.  In fact, gels prepared from acid washed flesh possessed 

slightly less expressible moisture than those prepared from flesh washed 

in potable water. 

Texture profile analysis (Table 31), as described in Table 30, 

revealed no significant difference in gel hardness (P£.05). Although 

both lots of surimi produced strong and firm gels, the gel produced from 

acid washed flesh possesses a slightly lower value for hardness. Gels 

derived from acid washed flesh yielded poorer elasticity (P>_.007) and 
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cohesiveness (P>_.0223) than gels prepared from flesh washed with potable 

water. 

Table 29. Expressible water in gels prepared 
from surimi produced from flesh washed 
with potable water and under acidic 
conditions. 

Expressible water 
Washing procedure (cm /gr)a 

Potable water 40.87 (2.03) 

Low pH 39.72 (1.48) 

a() = S.D.; n = 10; N.S. P<_.05) 

Table 30. Sensory definitions and common descriptive terms for some 
of the mechanical characteristics of the texture profile 
analysis. 

Hardness: The force required to compress a substance between the molar 
teeth (for solids) or between the tonge and palate (for semi-solids) to 
a given deformation or to penetration. 

Cohesiveness: The extent to which a material can be deformed before it 
ruptures. 

Elasticity: The amount of recovery from a deforming force; the rate at 
which a deformed material returns to its undeformed condition after the 
deforming force is removed. 

Chewiness: The length of time or the number of chews required to 
masticate a solid food to the state ready for swallowing.  Chewiness is 
a product of hardness, cohesiveness and elasticity. 

Gumminess: A denseness that persists throughout mastication; the energy 
required to desintegrate a semi-solid food to a state ready for 
swallowing.  Gumminness is a product of a low degree of hardness and 
high degree of cohesiveness. 

Source: Abbot (1972) 

Gel strength or hardness is an indicator of how much protein per 

unit of weight is available to form a gel, while expressible water is an 

indicator of the physical properties of the proteins which are related 
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to their charge and structure.  The evaluated gels behaved similarly 

with regard to these two characteristics.  The hydration properties 

Table 31. Texture profile analysis of gels prepared from 
surimi produced from flesh washed in potable water 
and under acidic conditions. 

Flesh washing procedure 
Gel 
property Potable water Low pH 

a d Hardness ' 6.34 (0.23) 6.17 (0.36) 
(kg) 

Elasticity6 8.31 (0.08) 8.19 (0.08) 
(cm) 

Cohesiveness 0.588 (0.007) 0.582 (0.004) 
(dimensionless) 

Gumminess ' 3.69 (0.14) 3.63 (0.20) 

Chewinessc'd 30.63 (1.29) 29.73 (1.88) 

a 
.Compression = 50% 
Hardness x cohesiveness 
Hardness x cohesiveness x elasticity 

A) = S-D-; n i 10 f 
N.S. P£.05;  Sig. P>_.007;  Sig. P>_.0223 

of flesh washed under acidic conditions did not appear to be affected by 

adjustment of the pH to near isoelectric conditions for washing and then 

to near neutral pH for the preparation of surimi.  It is clear, however, 

that these two properties could have been easily improved by the 

addition of the potato starch and possible difference between the 

washing procedures could have been masked. 

Properties such as those revealed by the folding test and 

elasticity and cohesiveness values determined by texture profile 

analysis were more related with the "good shape" or structural integrity 

of the proteins.  It was exactly in these properties where differences 
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between wash treatments were observed.  Results observed for elasticity 

and cohesiveness (Table 31) for gels correlate pretty well with those 

results revealed by the folding test (Table 28).  Gels with lower 

elasticity and cohesiveness produced lower folding test grades.  It is 

clear that washing under acidic conditions near the mean isoelectric 

point of minced flesh proteins reduced protein functionality somewhat 

over that observed for minced flesh washed in potable water.  This 

effect was determined for gel attributes considered most important for 

the fabrication of food products from heat-set gels through 

restructuring procedures; elasticity and cohesiveness.  The magnitude of 

differences observed for texture profile analysis indices would lead one 

to believe these difference were minor or of no practical importance. 

However, the results of the fold test showed the differences were 

equivalent to about one and one-half Japanese grade units. 
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CONCLUSIONS 

Alterations in the conventional surimi process were evaluated in 

this investigation.  Washing with relatively low amounts of water and 

with even lower amounts of water at a pH close to the mean isoelectric 

point of fish proteins was evaluated as a means of reducing water use 

and increasing the very low yield characteristics of the surimi process. 

A single exchange of potable water more efficiently recovered 

solids and protein than multiple exchanges of equal total potable water 

volume. A single exchange at a water: minced flesh ratio of 3.0 also 

satisfactorily reduced flesh TMAO content. Multiple exchanges with 

pressing between exchanges produced the lowest levels of TMAO of all of 

the potable water washing procedures evaluated. 

Washing under low pH conditions improved protein recovery over that 

observed for potable water washing. Alternate dewatering procedures, 

such as centrifugation, could have additionally improved yield through 

the better recovery of solids lost during screen dewatering between 

exchanges.  Physical characteristics of acid washed flesh promoted 

higher pressures during screwpress dewatering and yielded the lowest 

levels of TMAO and lipids in washed and pressed flesh.  Even with 

substantial solids loss occurring during screen dewatering before the 

second potable water exchange of the acid wash, pressed flesh yield was 

equal to yields derived from single exchanges of equal total water 

volume. 

Press flesh moisture contents play a role in determining the gel 

strength potential of surimi.  The moisture content of pressed flesh 

washed in potable water was a function of contact time between flesh and 
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water. Multiple exchanges, because of extended contact time, yielded 

higher moisture contents in pressed flesh than single exchange wash 

regimes. Acid wash regimes produced very low pressed flesh moisture 

contents; lower than is required for high quality surimi.  This very low 

moisture content would allow considerable flexibility in formulating 

surimi intermedates of optimum and uniform moisture contents. 

Both of the washing procedures that were extensively evaluated (a 

single potable water:minced flesh exchange of 3.0 and a two exchange 

regime involving one exchange at near the isoelectric point of minced 

flesh proteins and a second of potable water both at a water:minced 

flesh ratio of 1.0) produced a satisfactory removal of TMAO and a 

relatively excellent recovery of protein.  This was accomplished with a 

considerable reduction in water use (conservatively estimated at 20 %  of 

that used for shore based processing in Japan). Yields of the surimi 

intermediate observed for the washing procedures used in this 

investigation were 126 and 134 %  of those reported by Thrash (1983) for 

conventional processes (Table 32). The yield advantages observed for 

the experimental wash regimes were related to several factors: (1) Many 

conventional processes utilize mechanically separated and skinned 

fillets (removal of major bone and skin).  Flesh was removed from the 

head and backbone in this investigation by planking and minced flesh was 

separated from the skin and bone contained in the planks using a 

mechanical deboning equipment.  This procedure improved considerably the 

yield of minced flesh based on a round fish weight.  (2) Conventional 

processes utilize multiple exchanges which promote flesh loss within the 

process.  (3) Low potable water washing and particularly, washing at 
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near the isoelectric point which allowed for a superior recovery of 

soluble proteins, improved yield. 

Table 32. Yield improvement potential for surimi using 
low water wash procedures. 

Experimental low water 
wash procedure 
  Conventional 
Potable water   Low pH     process0 

Round hake (kg) 100 100 100 

Minced flesh (kg)   32.42 32.42 30.0 

Washed flesh (kg)   24.50a 26.20a 20.0 

Surimi (kg) 27.70b 29.50b 22.0 

Yield (%) 126 134 100 

.Adjusted to 82.55 %  moisture 
Adjusted to 77 %  moisture 

CThrash (1983) 

Heat-set gels (kamaboko) with good texture attributes were 

obtained with surimi produced from flesh washed using both washing 

systems if potato starch and egg white was used in the gel formulation. 

Evaluation of gels indicated that acid washed flesh did possess inferior 

gel characteristics (elasticity and cohesiveness) to those observed for 

potable water washed flesh.  The observed reduced gel strength could 

have been derived from either denaturation of proteins during pH 

adjustment or from the higher concentration of soluble protein recovered 

by the acid wash regime.  The presence of higher concentrations of water 

soluble or sarcoplasmic proteins would "dilute" the gel strength of 

solubilized myofibrillar proteins. 

The extended shelf-life characteristics of surimi constitute its 

major advantage.  It can be used as an intermediate source of functional 
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protein to fabricate a wide variety of food products. While the low 

water wash regimes investigated offer yield and water use advantages, 

the stability of surimi and freeze-thaw stability of surimi-based 

products will require evaluation.  The alteration of pH to which 

proteins were subjected and the retention of more water soluble proteins 

could affect the degree to which surimi proteins would salt solubilize 

after extended frozen storage. 

The rubbery and firm texture of Japanese products is not highly 

acceptable by domestic consumers.  To achieve these firm textural 

characteristics, extensive washing is required which favors low flesh 

yields and increased waste management problems.  This investigation has 

demonstrated that flesh yields can be improved and that the texture of 

surimi-based products can likely be modified using reduced amounts of 

water for washing operations. Adoption and successful utilization of 

the surimi technology by the fishing industry requires adaptation of 

production procedures and product characteristics to accommodate the 

U.S. resource characteristics, economic constraints, and consumer 

acceptance requirements.  These adaptations and alterations should form 

the basis for a wide range of research and development efforts. 

Pacific hake, a largely underutilized species by the U.S. fishing 

industry, is regarded as a poor species for surimi production based upon 

Japanese standards.  The results of this investigation suggests that 

Pacific hake could serve as a resource for the production of surimi used 

to prepare a wide variety of restructured gel products that conform to 

U.S. consumer acceptance requirements. 
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