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The characteristics of Northern squawfish 

(Ptychocheilus oregonensis) and the feasibility of utilization 

of this species for human consumption were investigated. In 

the first experimental phase, the iced storage characteristics 

of squawfish were determined. Quality changes were monitored 

over 24 days of storage by chemical, physical, microbiological 

and sensorial methods of analysis. The Torrymeter readings, 

K value, descriptive sensory evaluation and taste panel tests 

demonstrated that squawfish kept well in ice for 15 days. The 

torsion test results showed that squawfish exhibited good gel 

forming ability and decreased only 15% of the original value 

after 24 days of iced storage. The K value might provide the 

basis of a raw material quality control system for processing. 

Production of deboned fish mince could be an effective 

method for utilization of bony squawfish. In the second 

experimental phase, quality of minced flesh from squawfish was 

investigated. Texture properties of minced gels as determined 

by torsional shear stress and strain, at fracture, showed that 

there was no significant difference in strain value between 

unwashed and washed mince. No significant differences were 

also found in strain values of minced gels due to different 

temperature settings. The addition of cryoprotectants was 

very effective in maintaining strain value for both unwashed 

and washed mince during three months of frozen storage. 

Thiobarbituric acid  (TBA)  analyses  showed minced  flesh 



maintained good quality with regard to oxidation. 

In the third experimental phase, the suitability of 

squawfish (Ptychocheilus oregonensis) as a potential species 

for surimi processing was investigated on the basis of post 

harvest freshness. The yield of surimi from whole fish ranged 

between 15.5-21.6%. Fish freshness had a positive correlation 

with initial surimi quality. The quality changes of surimi 

during frozen storage depended upon the freshness of material 

and were influenced by the duration of storage. One wash 

cycle improved the color of surimi gel significantly. 

However, there were no significant differences in strain 

values measured by torsion test due to different wash cycles. 

Results of the experiment indicated that it was feasible to 

produce surimi from squawfish stored on ice for up to 9 days. 

One wash-cycle was adequate for squawfish surimi production. 
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Characteristics of Northern Squawfish (Ptychocheilus 

oregonensis) and Feasibility for Utilization as Human Food 

INTRODUCTION 

Background of Northern squawfish 

The Northern squawfish (Ptychocheilus oregonensis) is a 

typical freshwater species. It is distributed throughout the 

Pacific slope of western North America, in the Malheur Lake 

systems of Oregon, in the Columbia River system and north in 

the Pacific slope drainage to the Nass River of British 

Columbia (Scott and Grossman, 1973). Fishery biologists have 

known since the 1950s that Northern squawfish can consume 

large numbers of young salmon (Thompson, 1959; Buchanan et 

al., 1980; Brown and Moyle, 1981; Patawa, 1991). A large 

squawfish can eat as many as 15 juvenile salmon and steelhead 

smolts a day during peak downriver migration periods 

(Goranson, 1991). Concern over the impact of squawfish on 

salmonid populations has been considerable and has led to 

development of a variety of control methods including 

electrical barriers and traps (Maxfield et al, 1969), a 

combined program of dynamiting, spot treatment with rotenone 

(Jepson, 1957), and a selective piscicide, Squoxin (MacPhee 

and Ruelle, 1969). In order to improve survival of salmon and 

steelhead smolts in the Columbia and Snake rivers, a five-year 

Squawfish Predation Control Program was scheduled in 1989. 

The Bonneville Power Administration funded a multi-million 

dollar project to remove a high percentage of adult squawfish 

from the heavily dammed Columbia River. There is a $3 bounty 

on every fresh squawfish over 11 inches that anglers manage to 

land (Goranson, 1991). 

The Squawfish Predation Control Program results in a 



harvest of fish. The potential for large quantities of 

Northern squawfish to be harvested raise the issue of 

utilization of the fish for the first time. 

Underurtilization of Northern squawfish 

Northern squawfish has long been considered a "trash" or 

"junk" fish. Native Americans traditionally consumed very 

small amounts of Northern squawfish. Commercial fishermen do 

not land squawfish because markets do not exist. With the 

exception of a few people who can Northern squawfish at home 

for personal consumption, the majority of capture is converted 

into fish meal and liquid fertilizer (Hanna and Pampush, 

1992) . A major reason for the lack of utilization of Northern 

squawfish as human food is the characteristics of the fish. 

Although the flesh of Northern squawfish is sweet and mild, 

the fish contains a large number of small barbed bones which 

make it difficult and time consuming to eat. The appearance 

of the fish is not a barrier to human consumption. 

Minced fish 

Minced fish is produced by passing headed and gutted, 

fillets, frame, or other parts of the fish over a drum having 

small perforations, typically 1 to 7 mm. Pressure applied to 

the material forces the soft meat portions through the 

perforation while the bones, fins, skin, and scales remain on 

the exterior of the perforated drum. The delicate bone 

structures of most freshwater fish make filleting difficult, 

and mince separation techniques can markedly improve recovery. 

Extensive  studies  have  been undertaken on mince  from 



freshwater species, such as the mullets and suckers of the 

Great Lakes (Flick et al., 1990). Carp, buffalo, and tilapia 

minces have also been produced in the United States form both 

cultured and natural sources (Flick et al., 1990; Apolinario, 

1975) . With the development of equipment for separating fish 

bones from the flesh, fish species that have many bones, but 

are economical to grow, may find a great demand in the United 

States (Lovell et al., 1990). 

Minced fish has several advantages because of its 

versatility. It can be colored, flavored, molded, stabilized, 

and blended for making a greater variety of products directly 

or with minimal processing. It is also a precursor of surimi, 

a washed fish mince with cryoprotectants. Minced fish has the 

intrinsic nutritional quality of seafood, but with less fat 

and calories than red meat products (Regenstein, 1986). 

Stabilized fish mince and its potential 

It is generally recognized that frozen fish mince does 

not hold up as well as frozen fish, mainly due to the changes 

induced by mincing such as tissue disruption and the 

incorporation of air (Regenstein, 1986; Babbitt, 1986). 

Mincing causes several potential defects in the flesh 

including the development of "spongy texture" (Regenstein, 

1986), higher susceptibly to lipid oxidation and development 

of off-flavors (Wanous et al., 1989; Keller and Kinsella, 

1973). Texture deterioration which results in a decrease in 

gel forming ability of minced flesh is a common problem 

occurring in frozen stored minced products (Flick et al., 

1990; Acton et al., 1983; Jiang et al., 1985; Matsumoto, 1979; 

1980). Other quality problems include changes in flavor and 

color during frozen storage (Babbitt, 1986; Crawford et al., 

1979) . A number of research projects have been undertaken to 



improve mince quality. The use of various stabilizing agents, 

such as sugar and salts of organic acids, significantly 

prevent the loss of functional properties in frozen minced 

products (Grantham, 1981; Suzuki, 1981a). MacDonald et al. 

(1990) carried out an investigation on producing stabilized 

hoki mince. The approach taken by this research group was the 

combination of low temperature storage and addition of 

cryoprotectant. The results indicated that stabilized mince 

can be stored for up to 6 months and still be used to produce 

good quality surimi. Aguilera and Figueroa (1992) studied 

combined methods in the preservation of the pelagic washed 

fish mince. They used a combination of preservation 

techniques: reduced pH, potassium sorbate as a preservative, 

mild heat processing, depression of water activity by sodium 

chloride, and packaging. 

Washing is the common way to control and improve minced 

fish quality. Washing minced flesh removes water soluble 

components, e.g. blood and pigments, and increases the 

whiteness of minced products that is a major consumer 

attribute (Okado, 1964; Lee, 1984). Washing also improves the 

functional properties of the protein due to remove water- 

soluble proteins (Okado, 1964; Kudo et al., 1973; Lee, 1984). 

Myofibrillar proteins are water-insoluble proteins and 

responsible for the formation of a fish gel during heating 

(Acton et al., 1983, Suzuki, 1981b). Several investigations 

have observed increased water holding capacity and gel 

strength of washed mince when compared to unwashed minces 

(Okado, 1964; Lee, 1984; and MacDonald et al., 1990). It is 

thought that the presence of water-soluble proteins interferes 

with the ability of myofibrillar proteins to form 

intermolecular cross-links (Pan, 1989). However, studies by 

Morrika and Shimizu (1990) supported the observation that the 

washed meat was more functional than unwashed, but found that 

the water soluble component did not seem to interfere with 

gelation.    Their  work  indicated  that  water  soluble 



sarcoplasmic proteins may actually enhance the gel forming 

ability of myofibrillar proteins. Shimizu and Fujita (1985) 

conducted an extensive study with minces from seven species of 

fish, washed or unwashed, with or without the addition of 

cryoprotectants. Their experiment demonstrated that water 

soluble proteins influence the stability of myofibrillar 

proteins during freezing and subsequent storage. 

Functionality of unwashed minces was less affected by the 

actual process of freezing, but decreased with frozen storage 

time. Washed mince, on the other hand, enhanced storage 

tolerance, but decreased the ability to freeze without losing 

functionality. Surimi combines the benefits of washing, 

improving storage tolerance, with the addition of 

cryoprotectants which increased freezing stability. 

Surimi and surimi quality 

Surimi products were first introduced into the North 

American marketplace in the 1970s and are being consumed in 

increasing quantities every year. In 1991, the world supply 

of surimi was approximately 390,000 metric tons (Kano, 1992). 

Pacific pollock is the predominant resource species, but 

numerous other low priced fish species such as freshwater 

catfish, menhaden, red hake, gulf croaker, herring, mackerel 

and Pacific whiting are being utilized (Hasselback, 1984; 

Hotton et al., 1990; Morrissey et al., 1992). Lean, white- 

fleshed fish offer the greatest possibilities for surimi 

production. 

Surimi is a minced and washed fish flesh that has been 

stabilized by cryoprotectants. It is used as an intermediate 

raw material for manufacture of a variety of fabricated 

seafood products, such as imitation crab meat, scallops, 

shrimp, fish sausage, and fish ham (Buck and Fafard, 1985; 



Lee, 1984; Suzuki, 1981b). Surimi is produced by repeatedly 

washing mechanically separated fish flesh with chilled water 

(5-10oC) until it becomes essentially odorless, colorless and 

tasteless. Technically, the flesh is washed until most of the 

water soluble protein have been removed, which imparts 

superior gelling ability to the washed flesh by concentration 

of the myofibrillar protein fraction (Lee, 1984; Suzuki, 

1981a). The most important characteristic of surimi is its 

ability to form highly elastic gels when mixed with salt and 

other ingredients (Lanier, 1986). The formation of a 

myofibrillar protein network is responsible for the functional 

properties of surimi. It is this gel structure that brings 

about the elasticity and the textural strength of the 

products. 

The gelation of surimi and texture of gels formed are 

affected by its thermal history. Normally, the surimi gel is 

formed by rapid cooking at a high temperature where immediate 

denaturation and aggregation of proteins takes place. A gel 

will form (set) even at temperatures below 50oC although more 

slowly. Montejano et al. (1985) reported that preincubation or 

"setting" fish protein at an intermediary temperature (0-40oC) 

before heating at a high temperature exhibited greater stress 

(related to textural strength) and somewhat markedly greater 

strain values (related to textural cohesiveness). It is 

believed that the unfolding of protein helices and the 

interaction between the hydrophobic side chains during setting 

result in a more uniform and thicker network (Sato et al., 

1987). The optimum setting temperature is different for each 

species of fish, mainly because the myosin has different 

thermal stability for each species (Lanier, 1993) . Katoh et 

al. (1984) observed that fish which inhabit colder water would 

"set" at a cooler temperature, while fish which inhabit warmer 

water would "set" at relatively warmer temperatures. Niwa 

(1991) reported that 25oC was the optimum setting temperature 

for Alaska pollock surimi.  The temperature at which protein 



destabilize (partial unfolding) appears to be the key to 

setting. 

The quality of frozen surimi is graded on the basis of 

its color and the strength of heat-set gels (NFI, 1991). The 

grade of surimi produced is largely a function of the species 

and freshness of fish and processing procedures used (Lee, 

1984) . Freshness is the most important requirement for the 

raw material to be processed into surimi, regardless of 

species (Toyoda, 1992). Freshness decreases with post-mortem 

time of fish. As a result, gel strength of the surimi product 

decreases with the freshness of the raw material due to the 

decreases in extractable actomyosin and increases in pH of the 

post-mortem fish muscle (Pan et al., 1979). High quality 

surimi cannot be manufactured from fish which is not fresh 

enough with even the best available technology. Generally, 

good product quality is obtained when the fish are processed 

within 2 days provided that the fish are properly stored at 

chilling temperatures (Pan, 1989). 

Fish quality assessment 

Freshness and spoilage are the principle terms which are 

used to describe quality changes of fresh fish. The final 

quality of the product is affected by storage temperature, 

handling, size, and season (Jason and Richards, 1975). While 

spoilage is an important criterion in the final determination 

of the overall fish quality scheme, considerable effort has 

been expended in the search for suitable methods of freshness 

assessment as this criterion implies that the product is still 

edible (Damoglou, 1980). 

Traditionally, freshness of fish has relied on sensory 

methods (Cheyne, 1975). Various sensory methods have been 

used to measure quality changes in fish using the senses of 
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sight, smell and touch (Burt et al., 1976) . Methods have been 

devised which assign a numerical score to the various changes 

in sensory attributes. It has been shown that the raw odor 

score, in particular, can be a useful index of freshness 

(Damoglou, 1980). While the importance of sensory assessment 

as the underlying basis for establishing the state of the fish 

cannot be ignored, the biggest disadvantage is the reliability 

of individual judgements which can be subjective (Cheyne, 

1975; Babbitt, 1981). Attempts have been made to combine 

sensory assessment with objective microbiological, chemical, 

or physical tests (Huss, 1988). 

A variety of chemical and physical indicators of 

freshness have been used to provide an objective assessment of 

fish quality. Changes in the electrical properties of the 

skin and underlying tissue are a means of measuring the 

freshness in whole chilled fish. The Torrymeter, reported by 

Jason and Richards (1975), measures the changes in dielectric 

properties which occur during fish muscle degradation. These 

changes have been shown to have the potential to be strongly 

associated with alterations in appearance and odor (Jason and 

Richards, 1975; Cheyne, 1975; Damoglou, 1980; Curran et al., 

1981; Pivarnik et al., 1990). Among physical methods of 

freshness assessment, texture measurement is often applied. 

Texture features can be determined by measuring the 

rheological changes brought about by applied force. The 

problems associated with instrumental measurements in 

freshness assessment are mainly related to the difficulty of 

finding the sensory equivalent to the measured physical 

parameters. 

Chemical indices are often employed in assessing fish 

freshness. Some of them have been proven unsuitable for the 

purpose, and others are only useful in very specific 

situations or for a limited number of fish species. For 

example, one of the major components contributing to the odor 

of  decomposing marine  fish  is  trimethylamine  (TMA),  a 



degradation product of trimethylamine oxide (TMAO) (Hebard et 

al., 1982) . However, TMAO is virtually absent from freshwater 

species (Lima dos Santos, 1981; Dugal, 1967). The estimation 

of TMA, the most commonly used chemical method for assessing 

fish quality, cannot be applied to freshwater fish since these 

species do not contain any TMAO. 

Nucleotide degradation has been found to correlate well 

with the loss of freshness in a wide range of species in spite 

of the fact that their increase is due to enzymatic 

degradation as well as to bacterial activity (Jones and 

Murray, 1964; Greene et al., 1990; Huynh et al., 1992). 

Hypoxanthine is one of the most useful indicators of loss of 

freshness (Spinelli et al., 1964). Satio et al. (1959) 

reported that the freshness of raw or frozen fish could be 

expressed as K value, defined as the ratio of inosine (HxR) 

plus hypoxanthine (Hx) to the total amount of adenosine 

triphosphate (ATP) and related compounds (ADP, AMP, IMP, HxR, 

and Hx) . K value has been found to be more useful than Hx as 

an index of fish freshness (Huynh et al., 1992; Uchiyama and 

Kakuda, 1984). 

Thiobarbituric acid (TBA) test is a method to determine 

the degree of oxidative rancidity. It has correlated well 

with sensory scores. Connell (1980) has suggested that if the 

TBA value is above one or two (macromoles of malonaldehyde 

present in 1 g sample), then the fish will probably smell and 

taste rancid. Knowledge of the pH of fish flesh may also give 

some valuable information about its condition (Huss, 1988). 

In contrast to most other methods, the microbiological 

procedures are not sensitive enough in the early stage of fish 

to give pertinent information about fish freshness. The aim 

of these examinations is to give an impression of the hygienic 

quality of the fish. 
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Research goals and objectives 

The goal of our research was to offer information for 

utilization of Northern squawfish as human food and to 

establish the reliability of various chemical and physical 

tests for assessing quality for processing. This goal is 

achieved by identifying the following objectives: 

1. To study the iced storage characteristics of Northern 

squawfish. 

2. To evaluate the feasibility of developing minced 

products from Northern squawfish. The quality of squawfish 

minced products and storage stability are evaluated. 

3. To evaluate the suitability of squawfish as a 

potential species for surimi processing. The effects of fish 

freshness on surimi quality and quality changes during frozen 

storage were investigated. This study will help to establish 

processing parameters which would provide acceptable gel 

forming ability, color attributes, and storage life. 
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ABSTRACT 

The iced storage characteristics of freshwater Northern 

squawfish (Ptychocheilus oregonensis) were investigated and 

the proximate composition and physical nature of squawfish 

were determined. Quality changes were monitored over 24 days 

of storage by chemical, physical, microbiological and 

sensorial methods of analysis. The Torrymeter readings, K 

values, descriptive sensory evaluation and taste panel tests 

demonstrated that squawfish kept well in ice for 15 days. The 

torsion test results showed that squawfish exhibited good gel 

forming ability and decreased only 15% of the original value 

after 24 days of iced storage. An evaluation of the methods 

used to assess fish quality was made. 
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INTRODUCTION 

Northern squawfish (Ptychocheilus oregonensis) is a 

typical freshwater species. It is distributed throughout the 

Columbia River system, the Harney-Malheur Basin of Oregon, and 

various coastal drainages of Washington and British Columbia 

North to the Nass River. It is also found east of the 

Continental Divide in the Peace River of Canada (Brown and 

Moyle, 1981). Concern over the impact of squawfish on the 

commercially important salmonid populations has led to 

development of a variety of control methods. In 1991, the 

Bonneville Power Adminstration funded a multi-million dollar 

program to remove a high percentage of adult squawfish from 

the heavily dammed Columbia River. It is hoped that a 

sustainable fishery will be developed on Northern squawfish 

for the purpose of predator control. 

Squawfish is not unanimously regarded as a good food 

source because of its size, shape and appearance. Since 

little information has been found in existing literature 

describing the properties of squawfish, there is a need to 

determine their comparative food value and conversion into 

suitable products. Basic knowledge of chemical composition 

and storage characteristics of squawfish would greatly benefit 

its utilization as human food. 

The overall objective of this study is to offer basic 

information and normal shelf life parameters for Northern 

squawfish as the fishery develops. Studies were made to 

investigate the effects of iced storage on the properties of 

raw fish tissues and to establish the reliability of various 

chemical or physical tests for assessing fish quality. 
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MATERIALS & METHODS 

Fish source and storage 

Fresh Northern squawfish were gathered at dam sites along 

the Columbia River through the Sport Bounty Program under the 

supervision of a representative for the Northern Squawfish 

Utilization Project in August, 1991. Fish were immediately 

transported, in ice chests, to the OSU Seafood Laboratory, 

Astoria, OR. Each fish was measured by weight and length, and 

tagged before they were placed in an ice chest. Fish were 

packed in ice chests with three layers of fish per chest. A 

layer of fish was covered with a layer of ice. All ice chests 

had holes to allow continuous drainage of the melted ice. 

Additional fresh ice was added only to the top layer of fish 

during the storage period to replenish the melted ice. The 

chests of iced fish were held in a thermostatically controlled 

cool room (1-30C) . Fish were sampled every 3 days and 

completely re-iced at the same time. Sampling was continued 

until the fish became spoiled as indicated by a strong 

offensive odor. The day the fish were captured was designated 

as "day 0" for the purpose of these trials. 

Fish sampling 

On each sampling day, all fish were removed from the ice 

chests for testing. Torrymeter readings and descriptive 

sensory evaluation (DSE) were carried out for all fish at each 

time period. Five fish were filleted to produce a total of 

ten fillets for microbiological, chemical and texture 

analyses.  Portions of two randomly chosen fillets were used 
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for microbiological tests. Remaining fillets were finely 

chopped with a scalpel and mixed together. Samples of the 

comminuted flesh were used for chemical analyses and torsion 

tests. 

Carcass analyses and proximate composition 

Twenty fish were used for carcass analyses. Fish were 

separated according to their anatomy and weighed. Fish were 

headed, viscera were removed and the headless fish were then 

filleted. The weight of each separated portion was 

determined and its percentage of the whole fish weight was 

calculated. Finely chopped flesh, from day 0 sample, was used 

to determine proximate composition for moisture, fat, protein, 

and ash using the AOAC (1975) method. All proximate analyses 

were made in triplicate. 

Chemical analyses 

Chemical analyses included pH, TBA, and K value. The pH 

was measured using a standardized Corning pH meter (Model 250, 

Corning Ciba Diagnostics Co., Corning, NY) after blending 10 

g comminuted fish with 90 ml distilled water. The development 

of rancidity was estimated by 2-thiobarbituric acid using the 

modified procedure of Yu and Sinnhuber (1975). The results 

were expressed as TBA numbers (mg malonaldehyde/kg). The 

concentration of nucleotide degradation compounds (ATP, ADP, 

AMP, IMP, inosine and hypoxanthine) in the fish muscle extract 

were determined by modifying the methods of Ryder (1985) and 

Burns and Ke (1985) . Approximately 5 g of fish flesh were 

chopped and extracted using 7.5% perchloric acid.  Extracts 
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were analyzed by a Bio-Rad Series 800 high performance liquid 

chromatograph equipped with a Model 2700 pump and Model 1706 

UV/VIS monitor (Bio-Rad Lab., Richmond, CA) and a 6800 SX 

integrator (Leading Tech., Inc., Beaverton, OR). Separations 

were achieved using a reverse phase column (ODS-5S 250mm X 

4mm) operated isocratically with a mobile phase composed of 

0.1M KH2P04 at 0.8 ml/min and methanol at 0.04 ml/min. 

Nucleotide standards included adenosine-5'-triphosphate, 

adenosine-5'diphosphate, adenosine-5*-monophosphate, inosine- 

5'-monophosphate, inosine and hypoxanthine (Sigma Chemical 

Co., St. Louis, MO). The K value, calculated as the ratio of 

the sum of hypoxanthine and inosine to the total amount of ATP 

related compounds, was used as an index of fish freshness 

(Satio et al., 1959). TBA and pH tests were performed, in 

triplicate, while K value was run in duplicate. 

Descriptive sensory evaluation (DSE) 

The descriptive sensory evaluation (DSE) was a subjective 

measurement. It was developed from the Canadian Groundfish 

Guide (Woyewoda and Shaw, 1984) and modified for squawfish. 

DSE assigned a numerical value to inherent characteristics of 

squawfish that were visible and could be scored. These 

included gill color, gill odor, round texture, overall 

appearance, and eye color. The DSE grading guide is included 

in Table II.1. Scoring for the DSE was from 0 to 3, with 0 

showing no defects. After each testing interval, the fish 

were returned to iced storage. 
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Taste panel assessment 

Another sensory test was arranged for only taste panel 

assessment. Fish were stored as described above. Three fish 

were randomly selected and filleted at 3-day intervals. 

Fillets were vacuum packed in polyethylene bags and stored at 

-50oC to minimize sensory damage and provide reference control 

samples for taste panel assessment as described by the method 

of Jahncke et al. (1992) . The fillets were cut into 30 g 

pieces and wrapped in aluminum foil. Fillets were baked in a 

preheated oven at 2330C for 20 min and presented to the 14 

member taste panel who recorded their opinions on flavor, 

texture, freshness, and overall acceptance of the cooked 

flesh. Panel members were asked to evaluate samples on a 9- 

point hedonic scale. A score was represented as follows: 9 

liked extremely, 5 neutral, and 1 disliked extremely. The 

taste panel members were personnel at the OSU Seafood 

Laboratory and had no previous experience with this particular 

species but have had considerable experience with a variety of 

other fish species. 

Torrymeter reading 

On the day of analysis, all fish were removed from the 

ice chest and each fish was laid out individually in a 

sampling box. Any remaining ice was cleared from the 

measuring surface. The probe of the Torrymeter (G.R. 

International Electronics, Ltd., Almonkband, Scotland) was 

applied above and parallel to the lateral line of the fish 

just behind the belly cavity. The Torrymeter measurements 

were read on a digital display with a high value of 16 and a 

low value of zero.  Readings were taken at three consecutive 
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positions along the lateral line, starting at the first dorsal 

fin and proceeding to the caudal peduncle. These readings 

were averaged to obtain a single data. After each testing 

interval, the fish were placed back in iced storage. 

Torsion test 

The torsion test was used to evaluate the texture of 

squawfish. Samples of comminuted fish weighing 800 g were 

used for the tests. Fish gels were prepared as described in 

NFI surimi testing manual (1991) . Fish paste was standardized 

at 2% salt and 78% moisture. All ingredients were mixed for 

1 min and chopped under vacuum for 3 min while maintaining a 

temperature below 500C. The resulting paste was then stuffed 

into stainless steel tubes and cooked in a 900C water bath for 

15 min. Gel properties were determined by cutting samples 

into a hourglass shape with 1 cm diameter and subjected to 

torsional shear in the modified Brookfield viscometer 

(Brookfield Engineering Lab. Inc., Stoughton, MA) (Kim et al., 

1986). Shear stress and shear strain were calculated using 

the equation developed by Hamann (1983). Shear stress is a 

measure of gel hardness, while shear strain is related to gel 

cohesiveness. Eight samples from each gel preparation were 

tested. 

Microbiological analysis 

Three portions of fish flesh (head, central, tail) were 

aseptically excised from the fish fillet using a sterile 

scalpel. The 10 g of samples were homogenized in a sterile 

jar with 90 ml phosphate buffer.  Spread plates were prepared 
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by plating out decimal serial dilution (10"1 - 10"3) of 

homogenized fish flesh, in duplicate, on dehydrated plate 

count agar (Difco, Detroit, MI) . Plates were incubated at 

30°C for 48 hr and colony counts were made. 

Statistical analysis 

Analysis of variance was used to analyze taste panel test 

data. Differences among mean values were determined using the 

Least Significant Difference (LSD) multiple range test. 

Correlation coefficients of different methods against time 

were determined using simple linear regression. 
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RESULTS & DISCUSSION 

Initial characteristics of the Northern squawfish 

Table II.2 summarizes the basic data for freshly captured 

squawfish. The mean length of the squawfish in this study was 

about 17 inches and mean weight approximately 0.75 kg. Length 

and weight distribution from two catches are presented in Fig. 

II.1 and Fig. II.2. According to the proximate composition, 

squawfish is a moderately lean fish with a fat content of 

2.78% and a protein content of 16.65%. 

Results of the carcass analysis are presented in Table 

II. 3. The squawfish fillet (including the skin) constitutes 

the bulk (45.7%) of the fish, followed by the head (25.9%). 

Descriptive  sensory  evaluation  (DSE)  and  taste  panel 

assessment 

The results of DSE are shown in Table II. 4. The DSE 

scores indicated that the quality of the raw fish did not 

change noticeably during the first 6 days of storage in ice, 

except that the slime lost its transparency and became 

slightly milky and sticky. After 6 to 12 days, the eye color 

turned cloudy. Further storage led to sunken eyes and opaque 

pupils. The characteristic odor was no longer detectable and 

the muscle flesh became less elastic. At 15 days, the fish 

lost their characteristic odor. After 24 days in ice, the 

fish showed large quantities of malodorous yellow slime on the 

skin surfaces; the eyes were sunken and cloudy. The majority 

of fish were classfied as unacceptable by DSE after storage on 

ice for 24 days. 
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The DSE results demonstrated that most of the visual and 

olfactory parameters were useful to evaluate the quality of 

iced fish. The condition of the gill odor and particularly 

eye color were the best indicators of quality. 

The results obtained by taste panel assessment are shown 

in Table II.5. No significant changes in scores for all 

attributes occurred at up to 15 days of iced storage except 

for the flavor at day 6. The untrained panel seemed not to 

detect the quality deterioration in the cooked samples. It 

was possible that quality deterioration in the cooked samples 

would be noticed somewhat later than for raw fish. However, 

the day 15 sample showed the lowest scores for all attributes. 

The scores for all attributes of day 0 sample were lower than 

expected. It was important to point out that there were 

significant differences among panelists for all attributes. 

Due to sample availability, further taste panel 

assessment had to be discontinued. 

Microbiological changes during iced storage 

The changes in total plate counts (TPC) are presented in 

Fig. II. 3. A continuous increase in total plate counts in 

squawfish was observed during 24 days of iced storage (except 

for 24-days sample). The total plate count increased slowly, 

but remained just below 106 cfu/g after 18 days, and reached 

some 106 cfu/g after 24 days. The maximum of 107 cfu/g for 

acceptability of freshwater fish, as recommended by the 

International Commission of Microbiological Standards for 

Foods (ICMSF, 1978) , was not reached after 24 days of storage. 

The shelf life of a number of fresh water species, such 

as trout and talapia can vary from 10-2 0 days depending on 

handling and storage conditions (Lima Dos Santos, 1981). An 

important factor was the microbiological flora at the time of 
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capture and the growth of psychrotropic and spoilage bacteria 

during iced storage (Gram et al., 1989). The squawfish used 

in these test were handled very well and were often placed in 

ice in the live state. Consequently microbial growth was slow 

throughout the storage trial. 

Changes in Torrymeter reading 

The results of the freshness evaluation of raw fish by 

Torrymeter reading are shown in Fig. II.5. Squawfish 

initially maintained high Torrymeter readings with small 

deviations. A slight increase of the Torrymeter values at the 

beginning of the storage experiment, probably due to the 

effect of the rigor mortis, was succeeded by a nearly linear 

decrease in readings (r=0.96). After 24 days of storage, the 

Torrymeter readings decreased to about 8.5. Compared with 

other freshwater (Poulter and Nicolaides, 1985) and some 

marine species (Pivarnik et al., 1990), the slope or rate of 

decline in Torrymeter readings for squawfish was slower, 

indicating the quality of squawfish deteriorate more slowly. 

In general, the slopes or rate of decline in Torrymeter 

readings are faster for fatty fish than for the lean fish over 

time (Cheyne, 1975, Pivarnik et al., 1990). The low fat 

content partly explains why squawfish were more resistant to 

changes in quality as monitored by Torrymeter. Variability in 

Torrymeter readings were found to increase with storage time. 

Handling might damage skin and underlying tissue, resulting in 

differences in Torrymeter readings (Burt et al., 1976) and 

increasing in deviations. 
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Chemical changes during iced storage 

The changes in pH and thiobarbituric acid (TBA) during 

storage are presented in Fig. II. 5. There was a decrease in 

pH of flesh during the first 6 days of iced storage. 

Thereafter, there was a slight increase. The final pH, after 

24 days of storage, reached 7.1 from an initial value of 6.8. 

The initial decrease was attributed to the enzymatic activity 

resulting in the production of lactic acid. Also concomitant 

proteolysis may, under certain conditions, increase pH above 

7.0 (Etherington, 1984). 

The increase in TBA number was almost linear with storage 

time (r=0.99). After 24 days of storage, the TBA number 

reached 1.3. Yu and Sinnhuber (1958) reported that when 

expressing the TBA number as milligrams of malonaldehyde per 

kg sample, good quality fish product had a TBA number less 

than 3 while products of poorer quality had values from 4 to 

27. Since squawfish had low fat content, rancidity should not 

be a problem and the TBA values were as expected. 

Changes of K values and hypoxanthine (Hx) concentrations 

in squawfish during iced storage are illustrated in Fig. II. 6. 

The K value increased with iced storage time (r=0.89). The 

initial K value of squawfish was 9.13%, indicating squawfish 

experience a slow adenine nucleotide degradation rate 

particularly during the first 24 hr after death. The lower K 

value also indicated that the fish was very fresh at the start 

of the trial. It was reported that fish of the very best 

quality have a K value of 20% or less (Watanabe et al., 1986, 

Ehira and Uchiyma, 1986) . After 15 days of storage, the K 

value of squawfish reached 75.23%. Fish with a K value 

greater than 75% were considered low quality and should not be 

processed (Ehira, 1976). However, Huynh et al (1992) found 

that K value of Pacific cod had reached the unacceptable level 

before fish ceased to be edible. 
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Hx increased with storage time (r=0.93). It increased 

slowly during the first 15 days of storage, from 0.12 umole/g 

at day 0 to 1.3 2 umolr/g at day 15. Thereafter, Hx content 

increased rapidly. At day 24, the Hx content reached 3.7 6 

umol/g. A range between 3.0-7.5 umol/g has been reported for 

spoiled seafood products (Boyd et al., 1992). The average 

rate of formation of Hx in squawfish muscle was about 0.15 

umol/g per day, which was higher than other freshwater fish 

such as yellow walleye (0.06 umol/g per day) and whitefish 

(0.13 umole/g per day) (Dugal, 1967), but lower than the rate 

for same marine species, such as ocean perch and petrale sole 

(Spinelli et al., 1964). 

Changes in gel strength during iced storage 

The gel strength of squawfish flesh measured by torsion 

test are shown in Fig. II.7. Both the true strain and shear 

stress at failure of the gels decreased slowly with storage 

time (r=0.80). The initial strain and stress value of 

squawfish flesh gel was about 2.0 and 47 KPa respectively, 

indicating good gelling properties of squawfish flesh. After 

15 days of iced storage, the strain and stress value decreased 

to about 1.8 and 42 KPa and continuously decreased to 1.7 and 

37 KPa seperately at day 24. Previous work on other species 

found that such iced storage caused both strain and stress to 

decline and the rate of decline appeared to vary between fish 

species (Kudo et al., 1973, MacDonald et al., 1990). The 

decline in gel strength for squawfish was about 15%, 

significantly slower than that described for lizard fish 

(Kurokawa, 1979) and red hake (Lee, 1986) for which there were 

40-50% decline after 3 days storage on ice. The decline for 

squawfish also appeared to be slower than for Alaska pollock, 

a main fish resource for surimi production (Toyoda et al.. 
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1991) . The rate of decline is dependent on both denaturation 

of the myofibrillar proteins and the extent of proteolysis 

(Hamann and MacDonald, 1991; Kye et al., 1988). Fish having 

good gelling properties, irrespective of freshness, are 

regarded as the best raw material for surimi-based products 

such as "Kamaboko", a fine-textured white elastic Japanese 

fish cake (Okada et al., 1973). 

Use of quality indices for measuring fish freshness 

The decrease in quality of squawfish stored in ice 

coincided with an increase in Hx, TBA, and TPC. All of these 

tests have correlation coefficients greater than 0.9 and can 

be considered good indices of product quality under storage 

conditions. The pH of the flesh showed a poor relationship to 

freshness over time (r=0.44). 

It is important to note that the TPC did not increase 

above 107 cfu/g during the course of 24 days of storage. This 

value is often used as the upper limit for acceptable fish 

(ICMSF, 1978). However, other characteristics, such as, off- 

flavor and texture softening should also be considered in 

determining the fish quality. The autolytic changes related 

to nucleotide breakdown may be a more important limiting 

factor for determining the shelf life of fresh squawfish. 

Both Hx and K value rapidly increased after 15 days. This 

appeared to correspond with the taste panel results which 

showed the lowest values at day 15. Based on these results, 

the shelf life of squawfish was estimated to be 15 days. 

Sensory characteristics, as determined by taste panels, 

provide important information about fish quality and 

acceptability. It is the basis of such evaluations that the 

consumer ultimately accepts or rejects the fish. In this 

study, the taste panel test did not provide an unequivocal 
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measure of quality. The initial low values of taste panel 

results may have been a response to the presence of bones in 

the samples. There was a general decrease in values from day 

9 to day 15. However, individual variation was high and no 

significant different was shown. The results of the taste 

panel tests strongly suggested that such a panel should 

undertake a training period before testing to familiarize 

themselves with the product. 

The DSE evaluation proved to be a valid method for 

determining fish quality. Eye color had the highest 

correlation over time (0.94) followed by gill odor (0.83), 

gill color (0.92), texture (0.81) and general appearance 

(0.78) . These attributes can only be determined on the whole 

fish and could not be used for fillets or squawfish products. 

The Torrymeter reading is a rapid objective measurement and 

showed one of the highest correlations with time (0.96) . This 

instrument is easy to use on a large number of fish and would 

be very useful tool for determining fish freshness. 

There was a linear correlation between the Torrymeter 

reading and DSE scores (r=0.88). A linear functional 

relationship was also found between K value and Torrymeter 

reading (r=0.89). The K value and Torrymeter reading both 

were reflective of quality and could be used to judge fish 

freshness. The descriptive sensory evaluation (DSE) in 

conjunction with chemical or physical analysis could provide 

an adequate system for the assessment of quality of iced 

squawfish. 

Squawfish maintained an acceptable quality for human 

consumption in iced storage for at least 15 days. This agreed 

with Lima Dos Santos1 (1981) report that the shelf life of 

freshwater fish is generally longer that that of marine fish. 

To maintain good quality over an extended period of time, it 

is important that the fish be stored in ice as soon as 

possible after harvest. 
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CONCLUSIONS 

Our study demonstrated that fresh squawfish maintained 

good quality characteristics during iced storage. Gelling 

properties of the flesh decreased by approximately 15% of the 

original values after 24 days of storage. However, quality 

losses during iced storage were detected earlier due to the 

nucleotide breakdown and autolysis of the abdominal walls. 

These changes limited the useful iced storage time for 

squawfish to approximately 15 days. The K value in 

conjunction with DSE method could provide an adequate system 

for the assessment of freshness and quality of squawfish. Use 

of the Torrymeter would also provide rapid back-up information 

to support and monitor these assessments. The TPC, TBA, and 

Hx can be considered good indices of fish quality but should 

not be used on their own to give accurate assessment of the 

quality of fish. 

This study represented the first effort to evaluate the 

iced storage lives and quality characteristics of Northern 

squawfish. As such, the study provided basic information of 

vital importance to future projects concerned with fisheries 

development in Northern squawfish and utilization of Northern 

squawfish as human food. 



Table II.1 - Descriptive sensory evaluation (DSE)- Squawfish grading guide 

Texture General 
appearance 

Eye color Gill odor Gill color Score 

flesh is good overall clear. characteris- bright red. 
firm and appearance. bright. tic of little mucus 0 
resilient, skin lustrous convex eyes species, 
and springs and shiny, no fresh 
back fading 
inunediately 
when released 

reasonably good overall slightly neutral- red, some 
firm, some appearance, sunken or total absence mucus 
loss of very slight somewhat odor no 
resiliency. bleaching of dull longer 1 
thumb skin detectable 
indentation but off-odors 
slowly fill haven't 
out developed 

moderately some loss of dull and/or slight to pinkish red 
firm, thumb metallic cloudy moderate to brownish, 
identations lustre, some sour odor some mucus 2 
may remain bleaching i 
in flesh 

excessively blood gone very dull. very sour, brown, may be 
soft flesh from skin, sunken, and strong, or covered with 3 

color faded cloudy putrid mucus 
and bleached 
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Table II. 2 - Proximate composition and physical 
characteristics of Northern squawfish 

Mean ± S.D. (n)a 

Moisture (%) 78.47 0.53 (3) 

Lipid (%) 2.78 0.31 (3) 

Protein (%) 16.65 0.17 (3) 

Ash (%) 1.12 0.01 (3) 

Weight (kg) 0.75 0.22 (200) 

Length (inch) 17.00 1.70 (200) 

Number of observations 



Table II.3 - Average weight composition of squawfish (% weight of whole fish) 

Average       Fillet (with               Visceral      Skelton and 
weight of     skin on)         Head       organs        other bone 
fish (g)  

736±263       45.7±5.0      25.9±2.3       12.6±2.8     14.0±3.8 
(400-1160)b    (32.7-55.0)    (21.5-31.5) (6.4-16.5)    (7.2-22.3) 

a Average based on twenty fish carcass analyses 
b Numbers in parentheses are the ranges for carcass analyses 



Table II. 4 -Summary of mean scores of descriptive sensory evaluation (DSE) for iced 
squawfish 

Days on ice Texture General 
appearance 

Eye color Gill odor Gill color 

0 0 0 0 0 0 

3 0 0 0 0 0 

6 0 0 0.96 0 0 

9 0.18 0.1 1.33 0.05 0.08 

12 0.33 0.14 1.58 0.25 0.17 

15 0.72 0.44 2.44 0.81 0.81 

18 1.11 1.18 2.71 1.50 1.43 

21 1.22 1.52 2.91 1.65 1.57 

24 2.39 2.39 3.00 2.83 2.67 

00 



Table II.5 Summary of mean attributes3 of taste panel test for iced squawfish and 
results of LSD multiple range testb 

Days on ice F 

Attributes 0 3 6 9 12 15 Treatment Panelist 

Texture 5 .64a 5 .93a 5 .86a 6.07a 5 3 6a 5 .00a 1.80 7.90* 

Flavor 5 43a 6 07ab 5 7 lab 6.50b 6 2,lab 5 14ab 2.47* 6.44* 

Odor 5 .50a 5 .78a 5 .71a 6.00a 5 3 6a 5 00a 1.03 6.25* 

Overall 5 .36a 5 .86a 5 .71a 6.00a 5 .64a 5 .00a 1.5-6 7.65* 
acceptabila -ty 

aMeans based on 14 panelists evaluation. 
bkeans in the same row followed by different letters are significant difference 
(p<0.05). 

* There are significant differences among treatment or panelist (p<0.05). 
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Fig. II. 3 - Changes in total plate counts of squawfish during iced storage. 



6 9 12 15 

Days on ice 
18 21 24 

Fig. II. 4 - Changes in Torrymeter readings of squawfish during iced storage. 
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Fig. II. 5 - Changes in TBA number and pH in squawfish during iced storage. 
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Fig. II. 6 - Changes in K value and Hx of squawfish during iced storage 
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III. CHARACTERISTICS OF MINCED FLESH FROM NORTHERN SQUAWFISH 
{PTYCHOCHEILUS OFEGONENSIS) KEPT IN FROZEN STORAGE (-18 0C) 
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ABSTRACT 

Texture properties of mince products from squawfish were 

determined by torsional shear stress and strain. Results 

showed that there was no significant difference in strain 

value between unwashed and washed mince. The addition of 

cryoprotectants was very effective in maintaining gel 

cohesiveness (strain) for both unwashed and washed mince 

during three months of frozen storage. Thiobarbituric acid 

(TBA) analyses showed minced flesh maintained good quality 

with regard to oxidation. No significant differences were 

found in strain values of mince gels due to different 

temperature  settings. 
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INTRODUCTION 

Northern squawfish (Ptychocheilus oregonensis) is 

typically a lake species. Because of its wide association 

with the commercially important salmonid species, concern over 

the impact of squawfish on salmonid populations has been 

considerable and has led to development of a variety of 

control methods. A sustainable fishery was developed on 

Northern squawfish for the purpose of predator control. 

Since squawfish is a bony species, marketing whole 

squawfish is not considered feasible. Minced fish, which is 

made from whole fish by mechanical separation of bone and 

flesh, is a process that would allow squawfish to be processed 

from either fresh or frozen fish. This product could be used 

as a single ingredient in the manufacture of products like 

fish cakes and fish sticks, or as a meat substitute in 

sausage-like products. Utilization of minced flesh in the 

form of frozen blocks offers an additional market potential. 

The frozen stability of minced flesh is important in 

establishing reliability as a raw material. 

The minced product does not hold up as well in frozen 

storage as does regular frozen fish because of the changes 

induced by mincing (e.g. tissue disruption). Mincing causes 

several potential defects in flesh including the development 

of "spongy texture" due to enzymatic breakdown (Regenstein, 

1986), higher susceptibility to lipid oxidation and 

development of off-flavors due to a great exposure of lipids 

with oxygen (Wanous et al., 1989; Keller and Kinsella, 1973). 

Texture deterioration which results in a decrease in gel 

forming ability of minced flesh is a common problem occurring 

in frozen stored mince products (Acton et al., 1983; Jiang et 

al., 1985; Matsumoto, 1979; 1980). There are several ways to 

control and improve mince quality. Washing minced fish flesh 

removes substances, such as blood, and pigment, that promote 
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protein denaturation during frozen storage and also improves 

the functional properties of the protein (Okado, 1964; Kudo et 

al., 1973; Lee, 1984). The use of various stabilizing agents, 

such as sugars, salts of organic acids, have been reported to 

significantly prevent the loss of functional properties of 

minced products during frozen storage (Grantham, 1981; Suzuki, 

1981) . 

The objective of this study was to investigate the 

possibility of using squawfish for manufacturing minced flesh 

products. The frozen stability of washed and unwashed minced 

products was also investigated. A stabilizing agent (4% 

sucrose, 4% sorbitol, and 0.3% polyphosphate) was used for 

comparative purposes. 
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MATERIALS & METHODS 

Fish source 

Fresh Northern squawfish were gathered at dam sites along 

the Columbia River through the Sport Bounty Program in August 

1991. Approximately 60 kg fish were packed in ice, after 

capture, and transported to the Oregon State University 

Seafood Laboratory, Astoria, OR within 24 hr. 

Fish freshness 

Freshness of fish for production was determined by K 

value, which was calculated as the ratio of the sum of 

hypoxanthine and inosine to the total amount of ATP related 

compounds. Adenosine 5•-triphosphate (ATP) and its breakdown 

products were measured by high pressure liquid chromatography 

using the modified method of Ryder (1985) and Burns and Ke 

(1985) , as described in the previous paper (Lin and Morrissey, 

1993) . 

Mince processing and storage 

A schematic diagram of the mince process is shown in Fig. 

III. 1. The fish were hand planked (separation of musculature 

and bone from head, backbone, tail and viscera) prior to 

deboning in order to avoid contamination by the visceral 

material which could influence color and flavor and catalyze 

rancidity.  The planks were deboned with an Akashi Deboner 
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(Model 805, Akashi Tekkosho, Ltd., Japan). Drum perforations 

were 0.4 cm in diameter. The belt tension was adjusted to 

remove skin from plank. About half of the minced flesh was 

washed in polyethylene tanks as follows: one part by weight of 

minced flesh and three parts by weight of water and ice were 

gently stirred for 5 min; followed by holding for 5 min. 

Washed mince was dewatered in a Sano-Seisakusho screw press 

(Model SD-8, Akashi Tekkosho, Ltd., Japan) and mixed with 4.0% 

sucrose (C&H Pure Cane Sugar, California and Hawaiian Sugar 

Co., Concord, CA) , 4.0% sorbitol (ICI Specialties, New Castle, 

DE) and 0.3% Brifisol 512 (sodium tripolyphosphate and sodium 

polyphosphate, B.K. Ladenburg Corp., Cresskill, NJ) in a 

Hobart Silent Cutter, (Model VCM, Hobart Manufacturing Co., 

Troy, OH) for 2 min. Processing treatments varied, resulting 

in four distinct squawfish minced products: minced flesh (MF) , 

minced flesh with cryoprotectants added (MFC), washed minced 

flesh (WMF) and washed minced flesh with cryoprotectants added 

(WMFC). All samples were packed into individual plastic 

trays, vacuum packaged and frozen at -180C. The minced 

products were sampled prior to freezing and after 1 and 3 mo 

storage. 

pH measurement 

Ten grams of mince samples were homogenized with 90 ml 

distilled water using Osterizer pulsematic 10 blender (Oster 

Corporation, Milwaukee, WI) at frappe' speed for 1 min. The 

pH of the slurry was measured using a standardized Corning pH 

meter (Model 250, Corning Ciba Diagnostics Co., Corning, NY). 
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Thiobarbituric acid (TEA) analysis 

The development of rancidity was assessed by 

thiobarbituric acid (TEA), using the procedure of Yu and 

Sinnhuber (1975) . The TEA values were determined by measuring 

absorbance at 530 nm in a spectrophotometer (Pye Unicam Model 

SP6-550; Cambridge, England). The results were expressed as 

TEA numbers (mg malonaldehyde/kg). 

Microbiological analysis 

Total plate count (TPC) was determined by blending a 10 

g sample in 90 ml of sterile phosphate buffer and subsequent 

plating 0.1 ml portions of decimal dilutions on dehydrated 

plate count agar (Difco, Detroit, MI) by spread plating 

method. Plates were incubated at 30oC for 48 hr and colony 

counts were made. 

Mince gel preparation 

At each sampling time, minced products were removed from 

frozen storage and kept in the cold room for 4 hr. Batters 

were formed by chopping partially thawed mince with ice and 

NaCl in a Stephan Vacuum Chopper/mixer (Model 5289, Stephan 

Machinery Corp., Columbus, OH). The batter formulation for 

gel preparation was standardized at 2% salt and 78% moisture. 

The moisture content of the sample was determined using a 

microwave procedure developed in our lab (Morrissey et al., 

1993) . All ingredients were added simultaneously and chopped 

for 1 min at low speed, then continuously chopped for another 
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3 min under vacuum to form a batter with a final temperature 

of 5-70C. After chopping, the batter was transferred to a 

sausage stuffer (Model 14 208, The Sausage Maker, Buffalo, 

N.Y.)' The batter was then extruded into stainless steel 

cooking tubes (length=17.5 cm, i.d.=1.0 cm) coated with PAM 

cooking spray (Boyle-Midway, Inc., New York, NY). The tubes 

were sealed with screw-on brass caps at one end and rubber 

test tube sleeves fastened with clamps at the other end. 

Tubes were cooked in water baths at different temperature 

settings as follows: 90oC for 15 min; 40°C for 30 min, then 

90oC for 15 min. After cooking, the tubes were cooled for 15 

min in iced water, and the gels were then removed. The gels 

were stored overnight at 40C in Whirl-Pak bags (Nasco, Fort 

Atkinson, WI). 

Torsion test 

Minced gels were removed from chilled storage and allowed 

to reach room temperature for about 2 hr. Samples were cut 

into 2.8 cm lengths. Six subsamples were used for the test. 

The ends of the samples were blotted dry and glued with 

cyanoacrylate glue (Krazy Glue Inc., Itasa, IL). All samples 

were shaped into hourglass shape with a minimum diameter of 

1.0 cm by a torsion cutter (Model 91, Gel Consultants, 

Raleigh, NC). The hourglass-shaped sample were then placed in 

a modified torsion apparatus composed of a Brookfield digital 

viscometer (Model 5XHBTD, Brookf ield Engineering Laboratories, 

Inc., Stoughton, MA) (Kim et al., 1986). Torque and angular 

displacement were recorded on a strip chart using a Gould 

chart recorder (Model 154328-10, Gould, Inc., Cleveland, OH). 

Shear stress and true strain were calculated as described by 

Hamann (198 3). 
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Statistical analysis 

The data were analyzed for significant differences by 

using one way analysis with the Statgraphics 5.0 computer 

program. Differences among means were tested by Least 

Significant Difference (LSD) at 5% level. 
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RESULTS & DISCUSSION 

Fish freshness and pH 

Nucleotide analysis confirmed that the fish were fresh at 

the start of processing, K value=19.6±2.5% (Lin and Morrissey, 

1993). There were no significant differences in pH among 

minced samples. The pH of all minced flesh fell within the 

narrow range 6.72 to 6.90. 

Changes in texture properties of mince products during frozen 

storage 

The changes in strain and stress values of squawfish 

mince gels derived from different treatment samples during 

frozen storage are shown in Table III.l. There were no 

significant differences (P>0.05) in strain values between 

washed and unwashed squawfish mince gel. This was different 

from reports by MacDonald et al. (1990) that strain values for 

washed hoki mince were generally higher than those of the 

unwashed sample. The initial strain value for unwashed 

squawfish mince gel was 2.12. According to minimum strain 

value of 1.9 for acceptable fish gel (Hamann and Lanier, 

1987) , the acceptable squawfish mince gels could be formed 

without prior washing. This confirmed the observation of 

Hennigar et al. (1988) and Kudo et al. (1973) that good gels 

can be produced from some species of fish, such as Whitetip 

shark (Carciiarhinus longimanus) without washing. Both the 

strain and stress values of the samples without 

cryoprotectants tended to decrease with time during frozen 

storage. After 1 mo storage, the strain values for washed and 

unwashed mince decreased to 1.65 and 1.80 respectively, with 

a further decline to 1.35 and 1.39 after 3 mo storage. In 

comparsion, no significant differences were found in strain 
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values of minced samples with cryoprotectants during frozen 

storage. The strain values still maintained above 2.0 after 

3 mo storage. The cryoprotectant was highly effective in 

preventing protein denaturation caused by frozen storage. No 

significant differences were found in strain values between 

washed and unwashed mince sample with cryoprotectants during 

storage. 

There were significant differences in stress values for 

all treatments (p<0.05). The stress values were initially 

higher in samples without cryoprotectants, but decreased at a 

faster rate. This can be expected because the addition of 

8.3% cryoprotectants, in the original sample, replaced a 

portion of the fish protein and caused the stress values to be 

lower than that of samples without cryoprotectants. As frozen 

storage progressed, the proteins underwent denaturation 

without cryoprotectants and the stress values for all the 

samples were in the same range, about 19 KPa, after 3 mo 

storage. It seemed that stress values had high variability, 

which had been reported by several other authors (MacDonald, 

1992; Montejano et al., 1984; Simpson et al., 1993). It is 

usually believed that stress value is affected by moisture and 

protein content and indicative of gel strength while strain 

value measures the quality of the protein and is related to 

gel cohesiveness (Hamann and Lanier, 1987). 

The study of different temperature settings on texture of 

squawfish minced gel showed that 40oC preincubation increased 

the gel strength (stress value) about 10%, which was in 

agreement with previous reports (Montejano et al., 1984, 

Schwarz et al., 1988). Lanier et al. (1982) also found that 

a 40oC setting increased both hardness and cohesiveness for 

Atlantic croaker surimi. However, our results showed that 

there were no significant differences in cohesiveness (strain 

value) of squawfish minced gels compared to 40oC pre-setting 

and direct 90oC cooking.  This result further suggested that 
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different fish species have different thermal stability which 

cause the differences in thermal effects on gel texture. 

Changes in rancidity and microorganism during frozen storage 

The changes in rancidity and microorganism in squawfish 

minced flesh during frozen storage are shown in Table III.2. 

The rate of malonaldehyde formation in washed and unwashed 

mince sample did not vary significantly. After 3 mo storage, 

the TBA number for both samples were below 1. Sinnhuber and 

Yu (1958) reported that when expressing the TBA number as 

milligrams of malonaldehyde per kg sample, good quality fish 

product had a TBA number less than 3 while products of poorer 

quality had values from 4-27. The lower TBA number obtained 

during the present study indicated that the development of 

oxidative rancidity in squawfish mince during frozen storage 

does not seem to play a major role with regard to quality 

deterioration. It is believed that low lipid level in 

squawfish flesh contributed to the good quality of minced 

products regard to oxidation. 

The TPC of initial washed and unwashed minced flesh was 

1.6xl04 and 3.0xl04, respectivly. After 3 mo storage the TPC 

were 5.9xl03 and 1.6x10", respectively. Decrease in TPC were 

observed in both washed and unwashed samples during frozen 

storage. Similar result was reported by Rasekh et al. (1980) 

for croaker minced flesh. The lower TPC counts obtained in 

this study can be explained by the synergetic influence of two 

processing conditions: Low initial bacterial population due to 

removal of visceral contamination and low storage temperature 

which inhibits the microorganism growth. 
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CONCLUSIONS 

The production of minced (deboned) flesh from squawfish 

provided a good opportunity to utilize this species for human 

consumption. Results showed that it was feasible to develop 

minced flesh from squawfish. Squawfish mince exhibited good 

functional properties. Gels with good texture characteristics 

were made from unwashed minced flesh. If color of the raw 

material is not a critical factor, the use of squawfish mince 

may be suitable for a variety of product types which depend on 

some degree of texture conferred by gelling, or on the binding 

properties of the mince. 

The addition of cryoprotectants greatly improved the 

storage stability of squawfish minced products. Lipid 

oxidation and microorganism growth were minor concerns in 

regard to quality deterioration during frozen storage. 

Temperature setting at 40oC increased the stress values of 

squawfish mince gels, but there were no changes in strain 

values. There were no significant differences (p>0.05) in gel 

properties due to washing procedure. Also, washing minced 

flesh did not significantly affect the TPC and TBA number. 



Table III.1 Changes in strain and stress values of squawfish mince gel during frozen 
storage1 

Frozen storage 
time (months) 

True Strain 

MF2 WMF MFC WMFC 

0 

1 

3 

2.12+0.02a 

1.80±0.02b 

1.39±0.04c 

2.13±0.05a 

1.65±0.02b 

1.35±0.02c 

2.12±0.02a 

2.06±0.07a 

2.10±0.04a 

2.13±0.05a 

2.17±0.02a 

2.25±0.03a 

Frozen storage 
time (months) 

MF 

Shear Stress (KPa) 

WMF MFC WMFC 

0 

1 

3 

47.33+2.02a 

35.17±1.82b 

18.08±0.90c 

47.10±1.61a 

33.46±1.19b 

19.46±0.68c 

19.63±1.02a 

19.10±0.87a 

18.52±0.766 

18.92±1.12a 

19.64±0.68£ 

18.17±0.37a 

1 Values represented mean of eight determinations of squawfish mince gels. 
2 MF: Minced flesh 
WMF: Washed minced flesh 
MFC: Minced flesh with cryoprotectants 
WFMC: Washed minced flesh with cryoprotectants 

a"c Means within a column not sharing a common letter were significantly different 
(p<0.05) . 



Table III.2 Changes in total plate count (TPC) and thiobarbituric acid (TBA) 
number of washed and unwashed squawfish mince during frozen storage1 

Frozen storage TPC (CFU/g) TBA (mg malonaldehyde/kg) 
time (months) 

MF2 WMF MF                WMF 

0 

1 

3 

3.0 x 104 

2.3 x 104 

1.6 x 104 

1.6 x 104 

5.0 x 103 

5.9 x 103 

0.60±0.08a 

0.66±0.04a 

0.44±0.05b 

0.66±0.06a 

0.65±0.05a 

0.48±0.04b 

1 Values represented mean of triplicate samples. 
2 MF: Minced flesh 

WMF: Washed minced flesh 
a"bMeans within a column not sharing a common letter were significantly different 

(p<0.05). 

CTN 
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SURIMI QUALITY AND QUALITY CHANGES DURING FROZEN STORAGE 
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ABSTRACT 

The suitability of freshwater Northern squawfish 

(Ptyahocheilus oregonensis) as a potential species for surimi 

processing was investigated on the basis of post harvest 

freshness. 

The yield of surimi from whole fish ranged between 15.5- 

21.6%. Fish freshness had a positive correlation with initial 

surimi quality. The quality changes of surimi during frozen 

storage depended upon the freshness of the material and were 

influenced by the duration of storage. Results of the 

experiment indicated that it was feasible to produce surimi 

from squawfish stored on ice for up to 9 days. One wash cycle 

improved the color of surimi gel significantly. There were no 

significant differences in gel cohesiveness measured by 

torsion test due to different wash cycles. One wash-cycle was 

adequate for squawfish surimi production. 
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INTRODUCTION 

Over the last decade, an increases in the consumption of 

surimi-based analog products in the United States market has 

prompted investigation and screening of a range of fish 

species as potential competition for Alaska pollock, the 

traditional species used in surimi manufacture (Okada, 1971; 

Kudo, 1973; Kimura et al., 1982; Kano, 1992). Among these 

species, Atlantic croaker (Lanier et al., 1982; Wu et al., 

1985) , menhaden (Babbitt, 1986; Lanier, 1986), mackerel 

(Hashimoto et al., 1987) , Atlantic pollock (Ingham and Potter, 

1987), Atlantic cod (Hastings, 1989), Pacific whiting 

(Pacheco-Aguilar et al., 1989; Chang-Lee et al., 1990; Kano, 

1992), and Arrowtoth flounder (Wasson et al., 1992) have 

received considerable attention. However, only minimal 

attention has been directed to the evaluation of surimi 

produced from freshwater species. 

Surimi is a Japanese term used to describe mechnically 

deboned fish flesh that has been washed with water and mixed 

with cryoprotectants to enhance shelf life (Lee, 1984). The 

surimi process serves to remove fat, blood, odorous 

substances, water soluble proteins and minerals from the 

myofibrillar protein of the muscle. A key property of surimi 

is its ability to form strong cohesive gels (Lanier, 1986). 

There is a general decline in both cohesiveness and hardness 

of surimi gels made from fish stored for increasing time on 

ice (Hamann and MacDonald, 1992) . The rate at which this loss 

of gel strength occurs appears to vary between species. The 

gel strength of kamaboko, a fine-textured white elastic 

Japanese fish cake, made from lizardfish stored on ice for 3 

days was 50% of that made from fresh fish (Kurokawa, 1979). 

Lizardfish stored at -50C for 15 days resulted in poor quality 

kamaboko (Nozaki et al., 1978). MacDonald et al. (1990) 

reported that the strength of the gels made from Hoki stored 
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on ice up to 10 days still compared favorably with gels made 

from Alaska pollock. Morrissey et al. (1992) reported that a 

24-hour delay in processing Pacific whiting could have a 

significant impact on the final surimi quality. The gel 

strength of Pacific whiting was reduced by 10-2 0% for each day 

of iced storage of the raw material. Sardine caught by haul 

net were of sufficient quality for surimi production for only 

1 day, while Pacific mackerel and White hake for only 2 days 

(Kawamura and Hasegawa, 1982; Ablett et al., 1991). 

Northern squawfish (Ptychocheilus oregonensis) is a 

typical freshwater species. It occurs on the Pacific slope of 

Western North American, in the Malheur Lake system of Oregon 

and in the Columbia River system. Squawfish is currently 

caught as a predation control. There is a $3 bounty on every 

squawfish over 11 inches that anglers manage to land 

(Goranson, 1991). The majority of the catch is discarded, 

mainly due to small size and bony structure. Recent studies 

in our laboratory showed that this underutilized whitefish 

resource exhibited good gelling ability. These gelling 

characteristics were maintained during iced storage (Lin and 

Morrissey, 1993). Studies on minced squawfish demonstrated 

that it was possible to develop squawfish minced products and 

the minced products were stable during frozen storage (Lin et 

al., 1993). Since mince is a sensitive model of the surimi 

system (Kudo et al., 1973; MacDonald et al., 1990), there is 

good potential for producing surimi from squawfish for human 

consumption. 

The objectives of this study were: 1) to investigate the 

feasibility of developing surimi from squawfish; 2) to 

determine the effects of iced storage of squawfish on surimi 

quality and quality changes during frozen storage; and 3) to 

evaluate the effect of washing cycles on surimi quality. The 

focus of this study was to establish processing parameters 

which would provide acceptable gel forming ability, color 

attributes and storage life for squawfish surimi. 
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MATERIALS & METHODS 

Fish source and storage 

Fresh Northern squawfish were gathered at dam sites along 

the Columbia River through the Sport Bounty Program in July, 

1992. Approximately 400 kg fish were packed in ice after 

capture and transported to the OSU Seafood Laboratory, 

Astoria, OR. Care was taken to ensure that all fish used in 

the study were less than 24 hr post-harvest at the time of 

delivery to the laboratory. Fish were packed in ice chests 

with three layers of fish per chest. Each layer of fish was 

covered with a layer of ice. Excess water was continuously 

drained and additional fresh ice was added only to the top 

layer of fish during the storage period to replenish melted 

ice. The chests of iced fish were held in a thermostatically 

controlled cool room (40C). At intervals of 0, 3, 6, 9, and 

13 days, about 70 kg fish were taken from storage for surimi 

processing. 

Surimi processing 

A schematic diagram of the surimi process is shown in 

Fig. IV.1. The fish were planked (separation of musculature 

and bone from head, backbone, tail and viscera) by hand and 

washed to remove remaining slime, scales, blood and adhering 

viscera tissue. Flesh was separated from the planked fish 

using a Model 805 Akashi flesh separator machine (Akashi 

Tekkosho, Ltd., Tokyo, Japan). The belt tension was adjusted 

to remove skin from plank and to optimally recover the light- 

colored flesh.  The minced flesh was washed in polyethylene 
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tanks with water and ice at a ratio of 1 part flesh to 3 parts 

water (w/w) and gently stirred for 5 min, followed by holding 

for 5 min. The washed mince was dewatered in a Sano- 

Seisakusho screw press (Model SD-8, Akashi Tekkosho, Ltd., 

Japan) . The resultant washed mince was refined with an Akashi 

strainer Model S-l (Akashi Tekkosho Co., Japan) to separate 

white meat from connective tissue, bone particles and skin. 

Surimi was prepared by mixing the finally refined mince with 

cryoprotectants, 4.0% sucrose (C&H Pure Cane Sugar, California 

and Hawaiian Sugar Co., Concord, CA) , 4.0% sorbitol (ICI 

Specialties, New Castle, DE) and 0.3% Brifisol 512 

(instantized sodium tripolyphosphate and sodium polyphosphate, 

B.K. Ladenburg Corp., Cresskill, NJ) in a Hobart Silent Cutter 

(Model VCM, Hobart Manufacturing Co., Troy, OH). Product 

temperatures were maintained near or below 10oC. Aliquots of 

500 g surimi were packed into individual plastic trays, vacuum 

packed, blast frozen overnight, and stored at -180C for 

further analyses. 

Once, twice, or three times washing cycles were run to 

compare washing efficiency for squawfish surimi production. 

NaCl (0.2%) was added in all final wash cycles to facilitate 

dewatering. 

Chemical analyses 

The freshness of fish for surimi processing was assessed 

using K value, as described in the previous paper (Lin et al., 

1993) by the modified method of Ryder (1985). The yield was 

determined after each processing step. The proximate 

composition of minced flesh and products of processing 

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

determined, in triplicate, using procedures described by the 

AOAC (1975) .  The pH of surimi samples was determined using a 
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standardized Corning pH meter (Model 250, Corning Ciba 

Diagnostics Co., Corning, NY) on 10 g of material homogenized 

for 1 min with 90 ml of distilled water. 

Gel preparation 

Products of processing (minced flesh, washed/pressed 

flesh, and fresh surimi) and partially thawed surimi samples 

were used for the preparation of all gels. The moisture 

content of samples for gel preparation was determined using a 

microwave procedure developed at the OSU Seafood Laboratory 

(Morrissey et al., 1993). All formulations for cooked gels 

were standardized at 2% salt and 78% moisture. Surimi paste 

was made by chopping 800 g sample with ice and NaCl in a 

Stephan Vacuum Chopper/Mixer (Model 5289, Stephan Machinery 

Corp., Columbus, OH). All ingredients were added 

simultaneously and chopped for 1 min at low speed, then 

continuously chopped for another 3 min under vacuum to form a 

paste with a final temperature of 5-70C. After chopping, the 

paste was transferred to a sausage stuffer (Model 14208, The 

Sausage Maker, Buffalo, N.Y.). Surimi paste was then extruded 

into stainless steel cooking tubes (length=17.5 cm, i.d.=1.0 

cm) coated with PAM cooking spray (Boyle-Midway, Inc., New 

York, NY). The tubes were sealed with screw-on brass caps at 

one end and rubber test tube sleeves fastened with clamps at 

the other end. The tubes were placed in a water bath and 

cooked at 90oC for 15 min. After cooking, the tubes were 

cooled for 15 min in iced water, and the gels were then 

removed. The gels were stored overnight at 40C in Whirl-Pak 

bags (Nasco, Fort Atkinson, WI). 
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Torsion test 

Gel samples were removed the following day from chilled 

storage and allowed to reach room temperature for about 2 hr. 

Samples were cut into 2.8 cm length. Six subsamples were used 

for each test. The ends of the samples were blotted dry and 

glued with cyanoacrylate glue (Krazy Glue Inc., Itasa, IL) . 

All samples were shaped into an hourglass shape with a 

minimum diameter of 1.0 cm by a torsion cutter (Model 91, Gel 

Consultants, Raleigh, NC) . Each hourglass-shaped sample was 

then placed in a modified torsion apparatus composed of a 

Brookfield digital viscometer (Model 5XHBTD, Brookfield 

Engineering Laboratories, Inc., Stoughton, MA). The texture 

of each gels was then measured by twisting the sample at 2.5 

rpm until structural failure (Kim et al., 1986). Torque and 

angular displacement were recorded on a strip chart by a Gould 

chart recorder (Model 154328-10, Gould, Inc., Cleveland, OH). 

Shear stress and true strain were calculated as described by 

Hamann (1983). 

Color evaluation 

Color of the gels was measured using a Minolta Chroma 

Meter CR-300 (Minolta Camera Co. Ltd., Osaka, Japan) which 

gave L*, a*, and b* color coordinates as an output. In the 

CIE L*a*b* system, L* was a measure of light intensity, a* 

values represented the chromatic scale from green(negative a* 

values) to red (positive a*), and b* values represented the 

chromatic scale from blue (negative b*) to yellow (positive 

b*). The instrument was calibrated by using a standard white 

plate and a standard hitching tile (perfect diffuse reflector; 

L*=82.13; a*=-5.24; b*=-0.55) (Hunter Associate Laboratory, 
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Inc., Reston, VA) recommend by Surimi Technical Committee of 

National Fisheries Institute (NFI, 1991). Whiteness was 

calculated as 100- ( (100-L* ) 2+a*2+b*2)1/2 (Fujii et al., 1973). 

Statistical analysis 

The data were analyzed for significant differences by 

using ANOVA. Differences among means were tested by Least 

Significant Difference (LSD) at 5% level. 
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RESULTS & DISCUSSION 

Effects of freshness on surimi quality 

There is a general decline in both strain and stress 

values of surimi gels with increasing storage time for fish on 

ice. Results in Table IV.1 showed that surimi made from fish 

stored on ice for 3 days had the highest strain (2.19) and 

stress (22.37 KPa) values. There were subsequent declines 

(P<0.05) after day 3 in both strain and stress of surimi made 

from fish kept on ice. At day 9, the strain and stress values 

of surimi gels decreased to 1.90 and 17.39 KPa, respectively. 

Strain value continued to decrease to 1.86 for surimi made 

from fish stored on ice for 13 days. The decline in gel 

forming ability for squawfish was less rapid than that 

decribed for lizard fish for which there was a 50% decline 

after 3 days storage in ice (Kurokawa, 1979). The decline of 

gel strength for squawfish also appeared to be slower than 

Alaska pollock which, it is generally accepted, provided a 

second grade product after 3-4 days on ice (AFDF, 1987; Lee, 

1986). Recent studies by MacDonald et al. (1990) showed that 

good quality surimi could be made from hoki stored on ice for 

up to 10 days. The rate of decline in gel strength is 

dependent on both denaturation and the extent of proteolysis 

of the myofibrillar proteins. The denaturation rate is also 

a function of muscle pH (Hamann and MacDonald, 1992) . For 

squawfish, the pH postmortem was about 6.7-6.9 over the iced 

storage period, hence, denaturation was much slower than for 

more active fish species, e.g. pelagic species, for which 

muscle pH is much lower (often below 6.0). According to 

minimum strain value of 1.9 for acceptable quality surimi 

(Hamann and Lanier, 1987), squawfish surimi could be made from 

fish stored on ice for up to 9 days. 
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K value is a measure of fish freshness based on ATP 

nucleotide breakdown products. In the case of squawfish, K 

value has been shown to increase with the time the fish were 

stored on ice (Lin and Morrissey, 1993) . The K value against 

ice storage time of fish for surimi production is shown in 

Fig. IV.2. The K value increased rapidly in the first 6 days. 

After fish were stored on ice for 9 days, the K value reached 

74.3%. It is not recommended to process fish if the K value 

of fish exceeds 75% (Ehira, 1976). Since different fish 

species have different K value patterns, our results suggest 

that squawfish could be used for processing even though the K 

value reached 75%. K value might provide the basis of a raw 

material quality control system for surimi production. 

Significant differences were found in CIE L*, a*, and b* 

values due to preprocessing time of fish, but the range was 

small. The whiteness of the samples was in the magnitude 

ranging between 78.4-79.90. The squawfish surimi was more red 

and yellow and slightly darker in color when compared to 

standard surimi color. The whiteness of Alaska pollock surimi 

was 81.5 and Hoki was 82.5 (Holmes et al., 1992). The color 

of squawfish surimi could be improved by using fillets instead 

of planks with skin for deboning. However, because of the 

difficulty in filleting, this may decrease the overall yield 

of the final products. 

Effects of fish freshness on surimi quality changes during 

frozen storage 

The degree of decreased strain and stress values of 

surimi gels during frozen storage was affected by the 

freshness of fish when surimi was made. There was no decrease 

in strain value for surimi made at day 0 and stored over a 7 

mo period at -180C (Table IV.2) .  After 7 mo of storage, the 
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strain value of gel made from the 9-day old fish was about 

2.0, compared with 1.74 for the 13-day old fish. Stress 

results were more variable. In general, surimi made from 9- 

day fish and 13-day fish showed a decrease in stress values 

during frozen storage. Surimi made from squawfish immediately 

within 24 hr had the best quality and frozen stability. The 

data further demonstrated that fish freshness was most 

important requirement for the raw materials being processed 

into surimi. High quality surimi cannot be manufactured from 

insufficiently fresh fish with even the best available 

technology. 

The changes in CIE L*, a*, and b* values during frozen 

storage are summaried in Table IV.3. There were significant 

differences in L*, a*, and b* values due to frozen storage 

time, but the range was smaller than that due to preprocessing 

iced storage time. The washing process of surimi was 

apparently an efficient means of preventing browning reactions 

during frozen storage, probably due to the removal of water 

soluble compounds; such as enzymes, proteins, and heme 

pigments. The b* value, which increased with days of fish 

stored on ice, could serve as the best single indicator of 

color changes in surimi. The whiteness of all surimi samples 

was in the magnitude ranging between 79.12-80.66 after 7 mo of 

storage. Normally, a whiteness value greater than 75 was 

considered acceptable as good surimi (Park, 1993). 

Product yield in surimi unit operations 

Northern squawfish yielded 39.2% planks which produced 

27.5% machine-separated minced flesh based upon round weight 

(Table IV.4). Two 3:1 (water:flesh) wash procedures yielded 

17.3% pressed flesh which produced 16.2% refined product and 

17.9%  final  surimi  (91.7%  refined  flesh  plus  8.3% 
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cryoprotectants) based upon round fish weight. The lower 

yield may be attributed to the small amount of fish used for 

surimi production in each lot. The size of fish and its 

anatomic structure also affected the surimi yield. 

Effect of washing cycle on composition, color, and gel forming 

ability of surimi 

The proximate composition of samples from the surimi unit 

operation is summarized in Table IV.5. Blood, fat, and water 

soluble constituents were reduced during the washing of the 

minced flesh. Such removal resulted in a notable reduction in 

fat and ash. After two washes, lipids were reduced by 19.40% 

and ash by 48.10% (dry wt basis). These percentages were 

lower than those reported by Babbitt (1986) for Alaska 

pollock, by Adu et al. (1983) for rockfish, and by Rasekh et 

al. (1980) for croaker. The differences in percentages of 

reductions could be explained by the differences in 

composition of muscle tissue among fish species. In any case, 

the use of multiple wash cycles in squawfish surimi processing 

seems to result in a more extensive removal of lipid and ash. 

We also found that moisture content of the flesh was higher 

after refining for both the two-wash and three-wash samples. 

This is probably due to the refining process causing elevated 

moisture content by separating connective tissue, bone 

particles and skin residue that was lower in moisture content. 

Removal of these constituents also increased protein content 

by dry weight from 88.7% to 90.8%. Based on two wash cycles, 

the proximate composition of squawfish surimi was 72.14% 

moisture, 17.54% protein, 1.96% fat, and 0.80% ash. 

The effects of washing cycles on the color of surimi gel 

are shown in Fig. IV. 3. A great increase in L* value and 

reduction in a* and b* values (p<0.05) were observed due to 
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one wash. These findings were similar to those reported by 

Synowiechi and Shahidi (1991); Lin and Chen (1989). The 

considerable reduction in a* and b* values could be attributed 

to the removal of blood and pigment during washing. No 

additional changes (p>0.05) were found in L*, a*, and b* 

values after two or three washes. 

Generally, with continued washing at 3:1 water to meat 

ratio, gel strength increased after the first two washings and 

then subsequently levels off (Lee, 1986). Such increased gel 

strength reflects an increased myofibrillar protein content 

and a decreased sacroplasmic protein content due to washing. 

The torsion test showed that there were no significant 

differences in strain values of gels prepared from different 

surimi samples derived by different washing cycles (Fig. 

IV.4). This confirms the previous observation (Lin et al., 

1993) that no significant difference was found in gel 

cohesiveness (strain values) due to washing procedures. This 

may be due to the differences in the ratio of sarcoplasmic to 

myofibrillar protein. Our results should not be taken as 

implying that a satisfactory commercial product could be made 

without washing. Washing also removes flavor compounds, fat, 

pigments and substances which affect the stability of the 

proteins during frozen storage. 

In contrast, there were significant differences (p<0.05) 

in stress values at different washing cycles.  Gels prepared 

from stabilized mince (unwashed surimi) and one wash cycle 

surimi had highest stress values. 
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CONCLUSIONS 

The results of this study suggested the potential use of 

Northern squawfish as a resource for surimi production. The 

quality of surimi in terms of gel cohesiveness and gel 

strength, as well as whiteness, fall within acceptable levels 

when compared to other species. The washing procedure 

decreased fat and ash content of surimi and increased 

whiteness of surimi gels significantly. However, no 

significant difference was found in gel forming ability due to 

the washing cycles. 

Our study demonstrated that fish freshness had a 

positive effect on surimi quality and quality changes during 

frozen storage. Torsion test results showed that high quality 

squawfish surimi could be produced from fish stored in ice up 

to 9 days and K value might provide the basis of a raw 

material quality control system for squawfish surimi 

production. One wash cycle seemed to be adequate for 

squawfish surimi production. 



Table IV.1 - Effects of freshness of squawfish on surimi quality1 

Fish on Strain        Stress CIE L*        CIE a*        CIE b* 
ice (days) (KPa) 

0 2.13±0.04a     22.37±0.47a    79.70±0.21a    -3.12±0.02a 6.67±0.07a 

3 2.19±0.02a     21.46±0.70a    80.94±0.09b    -3.40±0.03b 7.08+0.06b 

6 1.97±0.02b     14.20±0.55c    81.54±0.09c    -3.38±0.06b 8.02±0.04c 

9 1.90±0.02c     17.39±0.42b    82.00±0.08d    -3.08±0.02a 8.39±0.07d 

13 1.86±0.02c 15.71±0.54c    81.30±0.16c    -3.15±0.02c 8.68±0.04e 

1 Values represent mean values ± s.d. of six determinations of gel sample from squawfish 
surimi processed with 2 wash-cycles at 1:3 mince-water ratio. 

a""e Means within a column not sharing a common letter were significantly different 
(p<0.05). 
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Table IV.2 - Effect of freshness of squawfish on gel properties of surimi during frozen 
storage1 

Frozen True Strain 
storage time . ,    .   ,.,»,_- 
(months) Fish on ice (days) before processing 

0 3 6 9 13 

1 2.23±0.03a 2, .22±0.04a 2.19±0.02a 2.23±0.02a 1.96+0.03a 

3 2.15±0.03a 2 .09±0.03b 2.05±0.03b 1.98±0.02b 1.72±0.02b 

5 2.20±0.02a 2 . 14±0.04ac 2.09±0.02b 1.96±0.05b 1.68±0.04b 

7 2.19±0.02a 2. .12±0.01c 2.18±0.03a 2.00±0.05b 1.74±0.05b 

1 

Shear Stress (KPa) 

Fish on ice (days) before processing 

 0 3 6 9 13  

1 18.38±0.55a    16.01±0.78a    15.88±0.59a    15.03±0.37bc  15.89±0.54a 

3 18.48±0.29a    15.04±0.46a    15.66±0.85a    12.74±0.65a   11.90±0.45b 

5 16.11±0.27ab   13.25±0.29b    14.83±0.53a    13.72±0.36ab  12.43±0.42bc 

7 17.27±0.44b    14.93±0.52ab    17.87±0.66b    16.06±0.64cd  13.33±0.40c 

i 

Value's represent mean values ± s.d. of six determinations of gel sample from squawfish 
surimi processed with 2 wash-cycles at 1:3 mince-water ratio. 
Means within a column  not sharing a common letter were significantly different 
(p<0.05) . 
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Table IV.3 - Effect of freshness of squawfish on CIE L*, a^ 
frozen storage1 

and b* of surimi gels during 

Frozen CIE  L* 
storage  time Fish  on ice   (days)   before processing 
(months) 

0 3 6 9 13 

1 81.97±0.05a 80.72±0.33a 81.09±0.15a 81.74+0.08a 81 .49±0. .16a 

3 82.14±0.07a 82.40±0.15b 82.45±0.12b 81.99±0.11a 82 .04±0 .06b 

5 82.33±0.13a 83.03±0.04c 82.67±0.08b 82.74±0.26b 82 .49±0 .29b 

7 81.34±0.11b 82.45±0.17b 82.40±0.06b 81.98+0.12a 82 .00±0 .15b 

CIE a* 

1 -3.12±0.05a -3.57±0.01a -3.52±0.01a -3.01±0.02a -2 .67±0 . 01a 

3 -3.28±0.01b -3.19±0.01a -3.16±0.01b -2.90±0.02b -2 .72±0 .03ab 

5 -3.26±0.02b -3.18±0.02b -3.1'6±0.02b -2.92±0.03B -2 .91±0 . 04c 

7 -3.26±0.02b -3.24±0.01b -3.18±0.01b -2.90±0.02B -2 .78±0 . 03b 

CIE  b* 

1 6.69±0.10a 7.15±0.06a 8.12±0.05a 8.40±0.03a 8. 73±0. 04a 

3 6.87±0.03a 7.99±0.06b 8.74±0.04b 8.28±0.05a 8. 64±0. 07a 

5 6.81±0.06a 8.04±0.09b 8.56±0.06c 8.21±0.10a 8. ,36±0. 07b 

7 6.77±0.05a 7.98±0.11b 8.06±0.10a 8.33±0.03a 8. .62±0. .10a 

1 Values represent mean values ± s.d. of six determinations of gel sample from squawfish 
surimi processed with 2 wash-cycles at 1:3 mince-water ratio. 

a"eMeans within a column not sharing a common letter were significantly different (p<0.05) 
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Table IV.4 - Yield of flesh from squawfish surimi processing unit operations1 

Percent of round weight 

Sample Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Mean±S.D. 

Round fish 100.0 100.0 100.0 100.0 100.0 100.0±0.0 

Planked 42.8 39.6 37.7 40.8 35.1 39.2±2.6 

Minced flesh 26.4 31.4 24.2 29.2 26.3 27.5±2.5 

Washed flesh 17.4 20.0 15.3 18.5 15.3 17.3±1.8 

Refined 16.0 19.8 14.0 17.1 14.2 16.2±2.1 

Surimi 17.9 21.6 16.2 18.5 15.5 17.9±2.1 

Surimi sample were processed with 2 wash cycles at 1:3 mince:water ratio. 
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Table IV.5 -Mean composition (% wet wt) of flesh derived from surimi processing unit 
operations a, b 

Sample                   Moisture Protein          Lipid           Ash 

Deboned                 77.94±0.07c 17.91±0.50 3.23±0.01 1.22±0.02 

Flesh, first wash        79.23±0.02 17.73±0.24 2.58±0.05 0.65±0.01 

Flesh, second wash       78.74±0.05 18.86±0.08 2.51±0.04 0.61±0.05 

Flesh, third wash        80.48±0.08 17.38±0.33 1.96±0.04 0.50±0.01 

Refined, second wash     79.48±0.07 18.54±0.05 1.78±0.03 0.48±0.01 

Refined, third wash      80.32+0.09 17.98±0.22 'l.61±0.04 0.42±0.01 

Surimi, second wash      72.10±0.05 17.54±0.10 1.96±0.03 0.80±0.02 

Surimi, third wash 72.95 + 0.06 16.90±0.12 1.21 + 0.02 0.83 + 0.01 

aSamples were determined in triplicate. 
b Surimi was composed of washed and refined mince mixed with 4% sucrose, 4% sorbitol and 
0.3% polyphosphates as cryoprotectants. 

c Mean±S.D. 
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