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ABSTRACT 

Eight samples of varying qualities and ages of surimi were used in 

the development of a new method for testing the quality of surimi. The 

effects of salt, pH, concentration, heating temperatures and times, and 

cooling times were observed. These results were used in the development 

of the McRae-Manning Test. 

By employing this method, it was possible to determine the 

difference between fresh high quality surimi, fresh low quality surimi, 

and old surimi'. For this test, surimi was mixed at a 1594 concentration, 

heated at 90 C for 20 minutes in plastic syringes, cooled and 

evaluated. The surimi was evaluated by emptying the samples onto 

prepared transparent sheets and measuring how far the sample spreads 

with time. The transparent sheets had. circular measurements which 

indicated the amount of spread. Best results were obtained when the 

sheets were elevated at one end. 
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CHAPTER 1 

INTRODUCTION 

There is a growing interest in fish proteins and how they can be 

used in conjunction with other protein systems. Surimi, an intermediate 

processed form of minced, washed, dewatered, and strained fish flesh 

(Babbit, 1986), is of considerable interest. It has been noted that the 

characteristics of fish proteins used in surimi production can vary 

greatly with species as well as with geographical source, feeding 

ground, time of harvest etc. (Hamann & Webb, 1979). One characteristic 

that is of interest is the ability of the proteins to form gels. This 

is of interest because the gel matrix provides the texture and struc

tural stability of many meat systems. 

Because of the variability and importance in protein binding and gel 

formation characteristics, it is necessary to have a working measure or 

standard of functionality. Also, to produce surimi that meets quality 

standards necessary for continued growth in industry, close quality 

control is required (Babbit, 1986). 

At present, there is no standard of protein binding characteristics 

and tissue quality for surimi and minced fish proteins in the United 

States. Therefore, it is essential to develop a test and standards to 

identify the characteristics of a particular fish protein. 

The purpose of this research was to develop a quick and efficient 

method of measuring surimi functionality and quality in order to grade 



the surimi and incorporate it into the system where its properties will 

have the greatest benefit, and to aid in quality control. 



12 

CHAPTER 2 

LITERATURE REVIEW 

In order to develop the necessary tests, it was first necessary to 

have a working knowledge of fish proteins and their gelation properties. 

Briefly, fish proteins are composed of three main groups: sarcoplasmic 

proteins, myofibrillar proteins, and stroma proteins (Cheng, Hamann, & 

Webb, 1979). The water soluble proteins are washed out in the surimi 

production process leaving the salt soluble fraction to form the gels. 

Proteins extracted from raw minced fish tissue with 3 percent salt 

solution consist of both sarcoplasmic and myofibrillar proteins. It is 

believed that factors in the sarcoplasmic protein fraction are respons

ible for degrading the myofibrillar proteins. It is the myofibrillar 

proteins, the salt soluble fraction, that played an important part in 

the gelation of fish proteins (Cheng et al., 1979). Washing removes the 

sarcoplasmic proteins and increased the concentration of myofibrillar 

proteins which improved gel strength and elasticity (Babbit, 1986). 

SURIMI HISTORY 

The techniques for making food from minced and washed fish were 

developed in Japan around 1100 A.D. A culture and an art developed 

around this process and included foods such as kamaboko made by steaming 

the fish, chikuwa made by broiling the fish, and tempura made by deep 

fat frying the fish. 

Originally, kamaboko had to be made and cooked immediately, but in 

1960, two investigators working in the Japanese Frozen Fish Association 
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laboratories outside Sapporo discovered and patented a process for using 

cryoprotectants which allowed the surimi to be frozen in blocks and kept 

in cold storage up to one year without measurable deterioration (Ryan, 

1984). 

SURIMI PRODUCTION 

The production of surimi as described by Lee (1986), is as follows. 

Fish is filleted or headed and gutted and then run through a deboner. 

Fish that is headed and gutted results in a higher yield which was of a 

lower grade, darker in color, and requires more washing than fish that 

is filleted. 

The fish flesh is then minced using a drum with perforations of 1-5 

mm. The minced fish is then washed. Generally, not more than three 

washes of not more than 10 minutes per wash are required using a water-

to-meat ratio of 3:1 or 4:1. For optimal results, wash water is 10 C or 

less, has a pH of 6.5-7.0 and has a 0.1-0.2% salinity range for the 

final washing. 

After washing, the fish is rinsed and refined. Refining separates 

the white meat from dark muscle and connective tissue. Meat that is 87-

90% moisture after rinsing is used for refining. 

The next step is dehydration. A screw press is used to bring the 

moisture level to below 85%. 

The final step is the addition of cryoprotectants at a level of 8-

9%. Generally, about 4% sucrose, 4% sorbitol, and 0.3% phosphates 



(Ragenstein, 1986) are used. The cryoprotectants must be dispersed 

uniformly for which a silent cutter-type mixer could be used. 

Gels 

Gels are three dimensional networks which result from the random or 

ordered aggregation and are characterized by their ability to maintain a 

certain shape and elasticity (Labuza & Bush, 1979). The degree of 

unfolding and the type of gel matrix formed are important. With fish 

proteins, the solution begins as a sol which can be thermally trans

formed to a gel at a particular temperature. The gel binds water as a 

protein matrix is formed (Deng, Toledo, & Lillard, 1981). There is water 

in more than one form within the gel (Labuza et al., 1979). Gelation 

immobilizes the outer layers and restricted water in the inner layers 

(Yasui, Ishioroshi, Nakano, & Samejima, 1979). With a strong gel, no 

water is released from the system, but this is not always the case with 

all gels. The ability of a gel to hold water rather than release it is 

called the water holding capacity (WHC) and will be discussed in greater 

detail later (Deng et al., 1981). 

Fish tissue exhibits at least three separate gelling phenomena, two 

of which were unique to fish. These include low temperature setting, 

high temperature setting, and high temperature cook (Lanier, Hamann, & 

Wu). 

Low temperature setting occurs when salt soluble proteins formed a 

translucent and elastic gel at refrigeration temperature. Actomyosin 

forms protein-protein interactions at temperatures as low as 0 C. These 
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interactions lead to the formation of filamentous particles and is an 

irreversible setting. This occurs at a slow rate and requires several 

hours. 

High temperature setting is similar to low temperature setting but 

requires only a few minutes at 40-45 C. The third is the high tempera

ture cook which is the traditional meat gel formed upon cooking at 80 C 

or higher. Because of these gel forming phenomena, variations in the 

processing changes the gel texture of the final product (Lanier et al., 

no date). 

A fourth phenomenon with regards to gelation is the Modori phenom

enon. The Modori phenomenon is a weakening in gel strength which 

occurs when the protein is processed between 50-70 C. It is believed 

that this weakening is due to a protease enzyme which is activated at 

that temperature range (Lanier et al., no -date). 

Another factor that is important in determining the quality of the 

final product is the myofibrillar proteins. Myofibrillar proteins were 

responsible for the desired textural properties in muscle-protein-based 

gel and emulsion type comminuted products (Cheng, Hamann, Webb, & 

Sidwell, 1979). There was a close correlation between myofibrillar 

protein solubility and gel texture in the final product. 

Myofibrillar proteins are salt soluble and require solutions of 2-3% 

salt to solublize them (Cheng et al., 1979). Extractability of myofi

brillar protein and formation of a network of myofibrillar protein 

during cooking is important for good texture. 

The amount of salt soluble proteins present after cooking is also 
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Important to the final texture. There is an inverse relationship between 

salt soluble proteins of cooked gels and final gel texture (Cheng et 

al., 1979). Cooked gels with less firm texture might have a higher 

concentration of soluble proteins remaining after cook. If soluble 

proteins of cooked gels increase above 6 or 7 mg/ gm of cooked gel, the 

gels become weak, inelastic, gummy, and have a low water holding 

capacity (Cheng et al., 1979). There is a large difference in the 

solubilities of myofibrillar proteins among species. While the concen

tration of salt soluble proteins in cooked gels was important, the same 

does not hold true for the concentration of salt soluble protein in raw 

fish tissue. There was not a close relationship between the concentra

tion of soluble myofibrillar proteins in raw fish tissue and the texture 

of the final product (Cheng et al., 1979). 

Myosin and actomyosin were essential among myofibrillar proteins for 

producing firm product texture, (Cheng et al., 1979) but actin provided 

a favorable influence on the binding properties only when combined with 

myosin (Yasui et al., 1979). Actin and regulatory proteins did, however, 

have a significant influence when salt was present (Samejima, 

Ishioroshi, & Yasui, 1981). 

MYOSIN 

Myosin is a salt soluble, asymetric protein composed of an 

-helical tail subunit and a globular head region and constitutes more 

than 60% of the myofibrillar protein fraction (Samejima et al., 1981). 

Myosin molecules are needed for the best performance in gel formation 

(Cheng et al., 1979) and are considered to be primarily responsible for 
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the gel forming ability and characteristics of fish proteins. 

During gelation, it is believed that the myosin residues are 

gradually transferred from a moderately hydrophobic environment and 

probably never return to their original position (Samejima et al., 

1981). 

The complete reaction is considered to be two phased. The first 

phase occurs at about 43 C when the myosin heads began to aggregate 

which involved the oxidation of sulfhydryl groups and the second phase 

occurs at about 53-55 C when the tail fraction begins to unwind and 

interact with the adjoining tail fractions forming an entire extended 

network system (Samejima et al., 1981). 

Myosin gel forming ability is pH, temperature, freshness, and salt 

concentration dependent (Lee & Toledo, 1976). The optimum pH is about pH 

6. Myosin is soluble in 0.6 M KCL or NaCl at this pH. This is important 

because the maximum extraction of myosin from fish muscle produces the 

highest ratings for firmness and springiness in the finished comminuted 

products (Cheng et al., 1979). 

The salt concentration also affects the storage time and final gel 

strength. Storage time of up to 15 days with low concentration of salt 

(below 0.4M) shows a marked decrease in functionality. It is believed 

that this is a result of low solubility and aggregation of the proteins 

that is not completely reversible. When the salt concentration is 

increased above 0.4M, the effects were significantly reduced due to 

increased solubility of the myofibrillar proteins. When the salt 

concentration was 0.4- 1.0 M, the heat-induced gelation of myosin was 
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shown to be independent of storage time up to one year (2.0-3.0% 

salt=0.47- 0.68 M if water is 75%) (Ishioroshi, Samejima, & Yasui, 

1979). 

More processing at higher temperatures caused gels to become firmer 

and more opaque as disulfide bonds were formed (Lanier, Lin, Liu, & 

Hamann, 1982). Control of myosin degradation, however, during thermal 

processing of fish gels is essential to producing a high-firmness 

rating. Myosin heavy chain concentration decreased in cooked gels and 

seemed to coincide with tropomyosin degradation (Cheng et al., 1979). 

Myosin solubility decreased to a major extent by 44 C due to thermal 

denaturation, but substantial gel strength did not develop until about 

55 C (Foegeding, Allen, & Dayton, 1986). Just as there was a high 

correlation between soluble proteins in cooked gel and final gel 

strength, there is also a strong correlation between the per cent of 

myosin in cooked gels and the gel texture (Cheng et al., 1979). Heat 

rate also influenced final gel strength. 

ALKALINE PROTEASE 

There is a protease common to fish that was known to be active 

between 50-70 C (Lanier, 1985). Its optimum temperature is 60 C (Lanier, 

Lin, Hamann, & Thomas, 1981) at pH 8.0-8.5 and is activated by a 1mm 

calcium concentration (Cheng et al., 1979). This protease broke down 

proteins thus diminishing gel strength of fish tissue that was processed 

at this temperature range causing the Modori phenomenon (Lanier, 1985). 

Total proteolytic activities in minced tissue varied greatly with 

the source of minced tissue, i.e. tests showed that total proteolytic 
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activity was higher in Gulf crocker than North Carolina crocker which 

was higher than that of North Carolina grey trout (Cheng et al., 1979). 

Proteolytic activities also varied with harvest location and post 

harvest handling and processing. The activity was controlled by the rate 

of heating and final internal temperature achieved (Cheng et al., 1979). 

Because the protease decreased final gel strength and the amount of 

protease varied with species etc., and some meat protein products were 

processed at 50-70 C, it is beneficial to develop an easy, accurate 

method to test for the total protease concentration in a particular 

batch of fish proteins. 

TESTS OF GEL STRENGTH 

Strength of protein gels is a criterion that is frequently used to 

evaluate food proteins and their functionality. Several tests were 

developed in meat systems to determine gel strength of proteins. Three 

commonly used tests are the punch, torsion, and least concentration 

endpoint (LCE). 

Punch Test. The punch is a mechanical instrumentation test developed by 

Okada, (1959) and is performed on thermally processed gels to indicate 

punch strength of the gel. This is done by attaching an Instron Uni

versal Testing device to a 9.5mm diameter stainless steel rod, and 

inserting it at a constant rate of 100 mm/minute into a gel in a 16X100 

mm tube to a distance of 3 cm. The test is carried out at room tempera

ture. 

There are other methods of performing this test, but the purpose is 

similar. The purpose of the punch test is to evaluate the first peak 



height of the force required to break through the gel. It produces a 

plot of sample deformation versus force. These two values are related to 

the strain and stress of the product respectively. These parameters are 

useful in assessing overall texture of the product (Lanier, no date). 

Torsion Test. The torsion test is also a mechanical instrumentation 

test which is used to determine the characteristics of protein gels. 

This is done by obtaining a 2.54 cm long cylindrical, thermally pro

cessed gel "plug". The plug is then reduced to dumbbell shape with a 

minimum diameter of 1.0 cm at midsection. The right end of the dumbbell 

is attached to the mechanism and the left end is rotated at a cross head 

speed of about 20 cm/min.(.175 rads/sec.) (Montejano, Hamann, & Lanier, 

1985). The torsion test measures shear stress(structural strength) and 

shear strain (deformability) (Lanier, 1985) which are necessary para

meters in determining gel functionality and quality. It is also useful 

in determining the mechanics of gelation and influences on it. For 

example, Lee noted the chopping time had a significant effect on shear 

strength (p<.05) and myosin extraction and denaturation (Lee et al., 

1976). 

When testing torsion failure parameters against sensory notes from 

six trained panelists, there were no significant differences. True shear 

strain at failure was the single instrumental parameter most commonly 

correlated with the sensory notes. Sensory firmness and chewiness were 

significantly correlated and sensory moisture release and adhesiveness 

showed the poorest correlation. The sensory notes covered springiness, 

firmness, cohesiveness, denseness, chewiness, gel persistence, gum-
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miness, adhesiveness, moisture present, graininess, cohesiveness of 

mass, and the ability to sense particles. These were ail interdependent 

except denseness (Montejano et al„ 1985). Rheological parameters were 

grouped into three categories: springiness, adhesiveness, and viscosity 

(Hamann et al., 1979). 

Due to the fact that the torsion test correlates well with the 

sensory notes, it is valuable in testing these rheological parameters 

and is used as an indication of actual sensory parameters which can 

possibly indicate how a particular sample of fish flesh works in a 

thermally processed protein gel system. 

Least Concentration Endpoint. The third test is the least concentration 

endpoint (LCE). The least concentration endpoint is related to water 

binding in cooked meat systems which contained sufficient NaCl to 

solublize the SSP (Trautman, no date). The test is not an instrument

ation test, but is done by obtaining various concentrations of protein, 

thermally processing the protein solutions, and observing which concen

trations gel. In this manner, it is possible to determine the lowest 

concentration at which a protein gels. The lower the least concentration 

endpoint, the stronger the protein is and the more efficient in forming 

a gel matrix. Perhaps it has more salt soluble proteins or possibly a 

higher percent of myosin present. The LCE does not tell which factor 

causes the increase or decrease in gel strength, but simply that there 

is an increase or decrease. 

The LCE is pH dependent. A definite relationship was observed 

between post-rigor muscle pH and the LCE of extractable salt soluble 
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proteins. The most desirable post-rigor muscle pH was 5.8- 6.1 

(Trautman, no date). This was the same optimum pH as that of myosin. 

Water Holding Capacity. An alternative measure of gel strength is the 

water holding capacity (WHC) of the matrix. This is important because 

the water in the gel plays an important part in the texture and func

tionality of the system (Cheng et al., 1979). 

WHC is the capacity of a gel to bind or hold water (Labuza et al., 

1979). Although this property is of importance, it is still largely 

unknown as to the exact forces that hold the water although it is 

believed that the water is similar to free water, but had bound water 

characteristics. 

The WHC, however, is closely related to gel texture. There is a 

considerable decrease in water holding capacity during heating of meat 

which occurs between 30-50 C which correlates with the temperature of 

myosin aggregation and matrix formation. The water holding and binding 

properties of meat when cooked are thought to be important factors 

influencing final product quality. 

The salt concentration has an effect on gelation due to increased 

WHC or on binding strength due to increased solubility of myofibrillar 

proteins. WHC is also affected by pH (Tsai & Ockerman, 1981). Gels 

formed at lower pH exhibit more syneresis and those at higher pH are 

more translucent. Water restriction is greater at pH 6 where a white gel 

is formed than at ph 7. This correlated well with the idea that myosin 

is important in gel formation and that the optimum pH for myosin is pH 

6 .  
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Despite these correlations, there are some definite problems with 

using WHC as a viable standard. WHC is the amount of water bound by a 

gel matrix, but there is no universal definition of bound water. Bound 

water might have lower vapor pressure, high binding energy with dehydra

tion, reduced mobility with nuclear magnetic resonance (NMR), decreased 

ability to be frozen, and unavailability as a solvent. All give differ

ent numbers so the results are arbitrary and variable with the worker. 

Different scientists have used the same data to arrive at different 

results making final results ambiguous and unreliable without an 

explanation of procedures (Labuza et al., 1979). 

Emulsion Capacity and Stability. Another characteristic of proteins is 

t h e i r  a b i l i t y  t o  f o r m  e m u l s i o n s .  H a l s c h e k  d e f i n e d  a n  e m u l s i o n  a s  " . . .  

a two phase system, consisting of a fairly coarse dispersion of one 

liquid in another in which it (the first liquid) is not miscible." 

Meat emulsions have characteristics of an oil in water emulsion 

which is formed when myofibrillar proteins surround fat globules,(Helmer 

& Saffle, 1963) encasing them and thus making them miscible in water due 

to the hydrophilic nature of the protruding end of the protein that 

extends into the water. 

The emulsion capacity (EC) is generally referred to in terms of ml 

of oil/100 mg total protein (Tsai, Cassens, & Briskey, 1972) and in some 

cases as ml of oil/lOOmg of extracted, salt soluble protein (SSP) 

(Turgut, 1984). From the studies reviewed, this seemed to be a fairly 

consistent practice making the results more reliable and reproducible 

than with the water holding capacity. 
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Another measure, the extractable emulsifying capacity (EEC), is 

calculated as the per cent of salt soluble protein in total protein X 

the amount in ml of fat emulsified/lOOmg of. total protein. This takes 

into account both the SSP present and the amount of oil emulsified thus 

including both important factors and " more accurately estimated the 

actual emulsification ability of muscle" (Turgut, 1984). 

According to Saffle, there are two main factors that affect the 

emulsion capacity of a system. One is the amount of salt soluble protein 

available and the second is the efficiency of the protein to emulsify 

fat (Turgut, 1984). Not all protein fractions are equally efficient in 

emulsifying fat (Regenstein, 1984). Myosin from the myofibrillar 

proteins is the most efficient in emulsifying fat (Tsai et al., 1972). 

Therefore, the higher the per cent of myosin present, the more efficient 

the protein was. Just as with gel strength, myosin again is an import

ant component. Just as with gel strength, there is variation among 

species. 

There are also other factors that affect EC such as temperature and 

pH (Swift, & Sulzbacher, 1963). Although solubility of proteins is not 

significantly affected by temperature, the EC was. 

Temperature also affects emulsion stability (ES). ES is simply the 

stability of an emulsion and is determined as the time needed for an 

emulsion to break down, (Turgut, 1984) or the amount of "seepage" from a 

meat system under various stress conditions such as centrifugation or 

time. It has been suggested that myosin acts as an emulsion stabilizer 

(Tsai et al., 1972). 
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When working with comminuted meat products, the chop temperature is 

also very important with respect to ES. Studies done with sausage 

indicate that emulsion breakdown occurs over a wide range of tempera

tures. One study done by Helmer showed that break down occurred at 70 F 

but not below 60 F (Helmer et al., 1963). In the study, a difference in 

texture was also noted with the change in temperature. The higher the 

chop temperature, the coarser the texture and the larger the fat 

globules. This was possibly due to an increased fat mobility, but was 

not due to a decreasfe in protein solubility or denaturation (Helmer et 

al., 1963). 

Although ES is often determined in conjunction with EC, the two are 

separate and distinct characteristics. Often, the two give similar 

results, but it is possible to have a protein that is efficient in 

emulsifying large quantities of fat but with emulsions that are not very 

stable. 

It appears that the torsion test is a viable measure of gel charac

teristics. It is accurate, reproducible, and has been well correlated 

with sensory notes from trained panelists. The torsion test seems to be 

efficient in predicting several important characteristics of thermally 

processed gels. An important consideration, however, is how well the 

torsion test predicts minced fish quality and functionality when used in 

various meat protein systems. 

The punch, on the other hand, seems to be less comprehensive as a 

test of various gel characteristics and does not seem to have been 

correlated with sensory notes as extensively. This is not be a problem 



if it accurately predicts minced fish quality and functionality. Both 

tests, however, are time consuming and expensive. 

The LCE seems to be a good indicator of gel strength. It is possible 

to correlate this with minced fish quality in order to predict the func

tionality of a particular sample. If results are favorable and an 

acceptable standard is defined, the LCE test could be a very practical 

test for "grading" surimi pastes. 

The WHC is very important in texture, but it is inappropriate as a 

standard due to the lack of consistent definition and usage. It could be 

very valuable when used in correlation with a second test, but not as a 

primary indication of functionality or fish flesh. 

The final area reviewed, emulsion capacity and stability, while 

considerably different, is still be quite functional. EC as well as gel 

strength are strongly influenced by the myosin concentration. If a 

positive correlation between myosin in gel formation and in emulsion 

efficiency were to be shown, it could be possible to use EC as an 

indication of myosin concentration and gel strength. Then, just as with 

the other tests, a correlation between gel strength and minced fish 

quality and functionality will have to be obtained. Another consider

ation is whether the emulsion capacity correlates with myosin concentra

tion of uncooked gels or of cooked gels. The amount of soluble proteins 

present after cooking is important in gel strength and final product 

quality, but, there is little correlation between soluble proteins 

present in uncooked tissue and final gel strength. 
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CHAPTER 3 

MATERIALS AND METHODS 

Surimi. The surimi used was made from Alaskan Pollack. Eight 

different samples were used. Six samples were obtained from North 

Pacific Seafood, (Seattle, Washington) and were produced from 11-27-85 

to 2-21-86. Samples 9836 and 9934 were high grade, samples 9841 and 9842 

were medium grade, and samples 9936 and 9843 were low grades. The surimi 

had already been graded as high, medium, or low quality based on results 

from the punch and torsion tests (Lee et al., 1976) (Lanier, 1985) (See 

Appendix A). The remaining two samples were obtained from Great Land 

Seafood, (Seattle, Washington) and were produced in June of 1987. Sample 

Dl-6 was high grade and Sample C-G was low grade as classified by the 

company. All surimi samples were prepared according to standard company 

procedures with cryoprotective agents added before freezing. Cryoprotec-

tive agents included 4% sucrose, 4% sorbital, and 0.3% phosphates. The 

samples were kept frozen by dry ice during shipping and upon receipt, 

they were cut into 1-2 lb. blocks with a bandsaw, placed in Cryovac 

bags, vacuum sealed, labelled, and kept frozen at -20 C thereafter. 

Chemicals. All chemicals came from Sigma Chemical Company, St. 

Louis, Missouri. 

Tubes. Varying sizes of heating tubes for the development of gels 

were tried, but 10X75 mm tubes and 20 cc plastic syringes from Becton 

Dickson and Co. (Rutherford, N.J.) were used. The syringes were cut off 

at the 10 cc mark and the needle end was discarded. 
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Transparent sheets. Transparent sheets were required for the 

McRae-Manning Test which will be discussed later. They were prepared as 

follows: Nashua xerographic transparencies XF-10 for use in plain paper 

copiers were obtained (Nashua, New Hampshire). Starting from a central 

point in the middle of the transparency, circles were drawn with a 

compass. The first circle had a radius of 1 cm. The next circle had the 

same center point and a radius of 2 cm. Each additional circle had the 

same center point and increased in radius by 1 cm. There were 11 circles 

in all with radii of 1 — 11 cm (See Appendix B). 

Weighing. Two methods of weighing were used. The first was a 

standard weight basis and the second was based on the amount of 

protein. For the adjusted weights, the per cent protein in all samples 

was added and averaged and the surimi was weighed out to give a constant 

amount of protein from all samples at a given concentration. The 

adjusted weight method was only used for the six samples from North 

Pacific Sea Foods. The samples had the following per cent proteins: 

9836;15.85%, 9934;13.19%, 9842;15.29%, 9841;14.9%, 9843;no data, 

9936:11.64%. For a 3% mixture, the following amounts of surimi were 

used: 2.69g, 3.22g, 2.78g, 2.85g, NA, 3.65g respectively. For both 

methods, samples were weighed to the nearest 0.005 grams. 

Concentrations. For Least Concentration Endpoint Tests, concentra

tion gradients were required. For this work, surimi was mixed at 3-10% 

concentrations in 1% increments and from 10-40% in 5% increments. This 

was done by weighing out the appropriate amount of surimi to the nearest 

0.005 grams and mixing it with the appropriate amount of 3 times 
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distilled water measured in mis. Batches of 100 grams were made. (ie. 

for a 3% concentration, 3 grams of surimi was mixed with 97 ml distilled 

water.) 

Mixing. After the surimi was weighed out and mixed with distilled 

water in 100 ml batches, one of two methods of mixing the surimi and 

water was used. In one method, the surimi and water were put into a 

stainless steel Sorval Omni mixer from Ivan Sorval Inc. (Newtown, Conn.) 

container and mixed at a setting of 3 for one minute, held for 3 

minutes, and mixed for 1 more minute. For the second method, the surimi 

and water were put into a stainless steel blender container and mixed in 

a Waring 700 single speed blender from Waring Products Corp. (New York, 

NY) It was mixed briefly (less than 5 seconds), the blender was stopped, 

and the sides were scraped. This was repeated 3-4 times until a homogen

ous solution was obtained. Long continuous mixing intervals resulted in 

foamy solutions and decreased gel strength and were, therefore, avoided. 

Heating methods. After the surimi was mixed into solution and put 

into heating tubes it was heated by one of two methods. The first method 

was to use a sand bath. For this method, sand was put in a metal tray 

and moistened with water. The tray was then put on heating elements and 

heated to the desired temperatures. The tubes were placed in the sand 

for the desired amount of time. The second method was to use a water 

bath. For this, distilled water was placed in a VWR water bath (Model 

1210, Phoenix, AZ) and heated to the desired temperature. The tubes were 

then placed in a metal rack which was then lowered into the water bath 

for the desired amount of time. The second method was much more accurate 
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due to temperature controls incorporated in the water bath and was, 

therefore, used for the majority of the tests. 

Heating times and temperatures. The surimi was heated for various 

amounts of time at various temperatures. The times and temperatures used 

were similar to those used by Lanier, (no date). These included the 

following four options: 

1. 90 C for 10 minutes. 

2. 40 C for 15 minutes and 90 C for 10 minutes. 

3. 40 C for 60 minutes and 90 C for 10 minutes. 

4. 60 C for 30 minutes. 

These times and temperatures were chosen in order to take advantage to 

the high temperature setting, the Modori phenomenon, and the normal 

setting as describe earlier. 

Cooling. After the tubes were heated, they were placed in an ice 

bath and allowed to cool. Specified cooling times of 30 to 180 minutes 

were used. 

Observation of gels. After proper cooling, the gels were observed 

visually while still in the tubes. The gels were then loosened from the 

tubes by running a micro spatula around the mouth of the tubes and ob

serving the contents in one of two ways. First, the tubes were emptied 

onto #2 filter paper and observed. This was useful in observing the 

coagulum by allowing the supernate to drain through except in the case 

of thick supernate from high grade, fresh surimi. The second method was 

to empty the contents of the tubes into weighing trays in order to 
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observe both the coagulum and the supernate. This was the method most 

commonly used. 

Viscosity measurements. Viscosities of both raw and cooked gels 

were determined by using a Brookfield viscometer from Brookfield 

Engineering Laboratories, Inc. (Model RVT, Stoughton, MA). For gels in 

the 10X75 mm tubes, spindle # 7 was used at a setting of 100 rpm. For 

gels in larger containers (pill bottles-2"Xl" radius), spindle # 4 was 

used at 100 rpm. When working with cooked gels, it was necessary to get 

the reading within three revolutions of the needle because the spindle 

would break up the gel structure somewhat. For syringes, spindle # 6 was 

used at 100 rpm, but they were not deep enough to allow the spindle to 

be inserted to its proper depth. The mark on the spindle was still 

unsubmerged. 

McRae-Manning Test. The purpose of this work was to develop a quick 

test for surimi. The McRae-Manning Test was the final results of this 

work. Below, is a brief outline of test procedures. The test will be 

discussed more in the Results and Discussion section. 

1. Thaw frozen surimi. 

2. Weigh out 15 grams of surimi. 

3. Add 85 ml of 3 times distilled water. 

4. Mix together in Waring blender. 

5. Put surimi solution into syringes. 

6. Heat for 20 minutes in a 90 C water bath. 

7. Cool in an ice bath. 

8. Evaluate surimi solutions. 
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a. empty surimi onto transparent sheet. 

b. observe the spread of the supernate for 90 sec. 

c. elevate one end of the sheet 2 cm and observe 4 min. 

d. elevate one end of the sheet 6.5 cm and observe. 

9. Determine gel grade based on supernate spread. 

Centrifuge. Sample 9836 was mixed with distilled water to make 10, 

20, 30, and 40% concentrations which were placed in heating tubes. One 

half of the tubes were cooked at 90 C for 15 minutes while the other 

half remained uncooked. One cooked and one uncooked tube from each 

concentration were placed in a Phillips-Drucker L-713 Centrifuge 

(Astoria, OR) at a speed of 15 for 11 minutes. The tubes were then 

evaluated. 

Freeze drying of samples. Samples were prepared and freeze dried as 

follows in order to be used for electrophoresis. Surimi sample 9836 was 

removed from the freezer and thawed, one hundred ml of an adjusted 5% 

concentration were made using 4.47 grams of surimi and 95.5 ml distilled 

water. It was mixed by the Sorval method and poured into several tubes. 

The tubes were allowed to stand about 1 hour until the 5% solution sepa

rated into three fractions: the top coagulum, the supernate, and the 

bottom coagulum. These fractions were all separated from each other 

using a micro pipette. They were then placed in labeled weighing trays. 

The samples were frozen over night and placed in an FTS Systems, Inc. 

freeze dryer (Stone Ridge, NY) the following morning. The samples were 

removed from the freeze dryer the following day and labeled. 0.01 grams 

of dried surimi was weighed out and mixed with 2 ml of a solution 
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containing 25% of a 20% SDS solution, 10% of the upper stock solution 

(0.5M TRIS-HC1, pH 6.8, TRIS base 30.275 grams, and 2.0 g SDS in 500 ml 

distilled water), and 65% distilled water. 1 ml sample buffer (0.05M 

TRIS-HC1, 1% SDS, 0.01% Bromphenol blue, and 30% glycerol) was then 

added to the surimi mixture, and 0.1 ml 2-mercaptoethanol. The mixture 

was then boiled for 20 minutes. Only the top and bottom fractions were 

loaded onto the SDS-polyacrylamide gel. 

Electrophoresis. The electrophoresis of proteins was done according 

to Telles' method (Telles, 1987). The electrophoresis was run on a 

sodium dodecyl sulfate (SDS)-polyacrylamide gel and was based on 

Laemmli's method (1970) (See Appendix C). A verticle slab gel measuring 

160 mm long x 140 mm wide x 0.75 mm thick was used. The SDS-polyacryl

amide gel electrophoresis was conducted on 10 mg of casein diluted in 2 

ml of 5% SDS in upper buffer solution, plus 1 ml of sample buffer, and 

0.1 ml of 2-mercaptoethanol, and then heated for 20 minutes in a boiling 

water bath. 

Protein samples of 20 ug were loaded in wells located on the upper 

surface of each gel with a 10 ul Hamilton syringe. A 10% to 20% linear 

gradient gel was used. After sample loading, the power supply was con

nected, the cathode to the upper reservoir and the anode to the lower 

reservoir. A constant current of 150 V was applied until the tracking 

dye reached 1 cm from the bottom of the gel, which usually took 4-4.5 

hours. Upon completion of electrophoresis, the gel was removed from 

between the glass plates and stained overnight with 0.25% Coomassie 

Brilliant Blue R in 50% methanol and 10% acetic acid. The gel was 
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destained with 50% methanol and 10% acetic acid in distilled water 

during the initial 2 hours, and then with 7.5% acetic acid and 5% 

methanol in 3 times distilled water. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The purpose of this work was to develop a quick and inexpensive 

method of testing surimi quality. The punch and torsion tests were being 

used in most cases, but they were expensive to run and time consuming. 

It was the goal to develop a method that could be used easily by 

industry to give quick quality evaluations based on gel strength. The 

effects of pH and salt on gel strength were tested. The effects of 

heating, cooling, concentration, and viscosity were also tested. The 

results were then assimilated into the development of the McRae- Manning 

Test. 

pH. Gels were very pH dependent. The natural pHs of the 8 samples 

ranged from 6.64-7.25 when used in concentrations of 10-30% with 

variations between concentrations of the same sample of not more than 

0.265 pH units. When sample 9836 was made into concentrations of 3-10% 

and the pH was lowered with 1 N HC1, gels were affected. The proteins 

seemed to decrease in solubility forming clumps rather than gels (Table 

1 and 2). The clumping could be due to the approach of the myosin to its 

isoelectric point of 5.0-5.5 (Acton et al., 1981). This does not, 

however, explain the decrease in gel strength. Yasui, (1979) found that 

myosin at pH 6 always had increased shear modulus and would form more 

rigid gels than at pH 7. Acton (1981) found that maximum gel strength of 

actomyosin preparations occurred at a pH of 5.0 and decreased 2.8 fold 
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Table 1 The Effects of Heating on Gelation 
Temp. (Time) Temp. (Time) TemD. (Time) TemD. (Time) 

Cone. DH 40(60) 90(10) 40(15) 90(10) 90(10) 60(30) 

3 7.17 1 + + -

4 7.17 + + + -

5 7.15 + + + -

6 7.14 + + + -

7 7.12 + + + -

8 7.17 + + + -

9 7.23 + + + -

10 7.24 +++ ++ ++ -

Table 2 The effects of DH on Gelation 
Adjusted Temp. (Time) Temp. (Time) Temp. (Time) Temp. (Time) 

Cone. PH 40(60) 90(10) 40(15) 90(10) 90(10) 60(30) 

3 5.95 +/0 +/0 +/0 -

4 6.20 +/0 +/0 +/0 -

5 5.98 +/0 +/0 +/0 -

6 5.95 +/0 +/0 +/0 -

7 5.89 +/0 +/0 +/0 -

8 6.01 +/0 +/0 +/0 -

9 6.03 +/0 +/0 +/0 -

10 6.00 +/0 +/0 +/0 -

(-) no gel 
(1) slight coagulation 
(+) coagulation 

(++) slight gel 
(+++) gel 
(0) clumped 
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in the pH range of 6.0-7.5. Surimi does offer a slight buffering effect 

against lowering pH. The more surimi present, the more HCl required to 

drop the pH. 

SALT. The addition of NaCl also affected gel strength. When NaCl 

was added at a 3% level and solutions of 15, 20, and 25% were made, gel 

strength decreased considerably. Solutions made without NaCl gelled, but 

similar solutions made with 3% NaCl added did not gel (Table 3). This 

was not consistent with Lee's (1976) findings that in the absence of 

salt, textural strength was extremely weak when evaluated using shear 

and compression testing. The salt concentration required for gel 

formation ranged from 2-3%. Gel strength reached a maximum at 1 M NaCl 

(4.4%) and gradually decreased as salting-out occurred upon further in

creases in salt concentration (Lee, 1984) This difference could also be 

due to the dilution of the proteins and salt concentration. 2-3% NaCl 

would give a molar concentration of 0.47-0.68 assuming the sample 

contained 75% water. At this concentration, gelation was enhanced, but 

at lower than 0.4M, this was not always the case (Ishioroshi et al., 

1979). For some unknown reason, the addition of NaCl also lowered the pH 

(Table 3). This change in pH could contribute to the decrease in gel 

strength. It was not known why the addition of 3% NaCl lowered the pH. 

This could be a good area for additional study. 

ADJUSTED WEIGHTS. The adjusted weights showed no significant 

improvement over normal weights and were therefore discontinued during 

testing. 



Table 3 The Effects of Salt on Gelation 
No Salt Added 3% Salt Added 

Heated at 90 C Heated at 90 C 
Cone. pH 10 mln. 15 min. pH 10 min. 15 min. 

15 7.12 + ++ 6.80 

20 7.25 + ++ 6.74 

25 7.00 ++ +++ 6.65 

(-) no gel (++) top half forms soft gel 
(+) top half forms very (+++) top half forms a gel 

soft gel 

Figure 1 Electrophoresis Gel 
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CONCENTRATIONS. When surimi was mixed at low concentrations (less 

than 20%), a visual separation occurred. Three fractions were evident. 

There was a top coagulum which was white in color. It was the first 

fraction to gel. The second fraction was a clear to slightly cloudy 

liquid and was the last fraction to gel. The third fraction was also a 

white coagulum. 

Initially, it was suspected that there was a different composition 

between the top and bottom coagula, but after centrifugation and gel 

electrophoresis, it was concluded that they were the same. Upon centri

fugation, all the coagula was forced to the bottom as one fraction 

rather than two layers of top and bottom coagula indicating similar 

densities. The two fractions were run on an SDS-polyacrylamide electro

phoresis gel. Both fractions showed identical bands indicating similar 

protein configuration (Figure 1). Coupled with the results from the 

centrifugation, it appeared reasonable to assume that the two fractions 

were the same. The difference in gelling was most likely due to the 

dryness of the top coagulum due to water evaporation during heating 

while the bottom coagulum was covered by the supernate and stayed moist 

leaving the proteins less concentrated. 

HEATING. Gelation was affected by cooking methods. Surimi cooked at 

60 C for 30 minutes produce gels that were much softer than gels cooked 

at 90 C for 15 min. Gels heated for 60 minutes at 40 C and then 10 

minutes at 90 C produces the firmest gels (Tables 1, and 4) This was 

consistent with Montejano's (1984) findings. 
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Table 4 The Effects of Quality on Gelation 
Old-High Quality Surimi Old-Low Quality Surimi 

Cone. 60C 30 Min. 90C 15 Min. 60C 30 Min. 90C 15 Min. 

15 - ++ - + 

20 + +++ - +++ 

25 + +++ — +++ 

30 + +++ + +++ 

35 ++ +++ ++ +++ 

(-) no gel (++) soft gel 
(+) mounds, no gel (+++) tube shaped gel 

Table 5 The Effects of Quality on Gelation-90 C 15 Min. 

Concentration Low Quality Medium Quality High Quality 

15% + + 

20% + ++ ++ 

25% ++ + ++ 

30% +++ ++ +++ 

(-) no gel 
(+) mounds, no gel 

(++) soft gel 
(+++) tube shaped gel 
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When using the torsion test on three preparations, large differences 

in gel texture due to cooking methods were observed. When working with 

the six lots of older surimi from North Pacific Seafood, a cook at 60 C 

for 30 minutes provided the most visible differences between high, 

medium, and low qualities. When working with fresher surimi, however, 

the best results were obtained by cooking the solutions for 10-15 

minutes at 90 C. This was modified to 20 minutes when working with the 

20 cc syringes. 

When the surimi was mixed at varying concentrations, heated in 10 x 

75 mm tubes, and observed by emptying the contents into weighing trays, 

characteristic differences between grades were seen. Results from the 

six lots from North Pacific Seafood mixed at 15, 20, 25, and 30% were 

summarized in Tables 4 and 5. Differences between low and medium 

qualities were most obvious £t 15% concentrations and differences 

between medium and high qualities were most noticeable at 25-30% 

concentrations. However, these six lots were not fresh and it was felt 

that the results would not be consistent with fresh surimi of similar 

grades. It did, however, confirm that visual differences between grades 

could be seen when surimi was mixed at low concentrations. 

Although there were observable differences at several concentra

tions, the differences between grades were most obvious at 15%. Although 

the differences were observable, they were determined according to the 

interpretation of the tester rather than measured with actual numbers. 

This was undesirable if a standardized reference was needed since each 

tester would interpret the results differently. 
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VISCOSITIES. Viscosities were taken on both raw and cooked gels in 

an attempt to find some measurable method of determining surimi quality. 

Unfortunately, more variation was observed between individual samples 

than between grades making the use of viscosities taken with the 

Brookfield viscometer unreliable (Table 6 and 7). It may be possible to 

use the viscometer if a method of separating the supernate from the 

coagula and measuring the supernate is employed. 

McRae-Manning Test. The final result of the search for a quick and 

easy test to be used in grading surimi quality quickly was the Mcrae— 

Manning Test. Although there were noticeable differences in the coagu

lated fractions of varying grades of surimi, the greatest differences 

were between the supernates of varying qualities. The Mcrae-Manning Test 

utilized these differences. The supernates ranged in thickness from a 

watery liquid to a firm gel that retained the shape of the heating con

tainer. The thinner the supernate, the more it ran and spread when 

removed from the tube. (Results were similar to dumping out a glass of 

water compared to dumping out a glass of pudding.) The surimi solutions 

were heated in cut-off syringes in order to easily remove the gels from 

the heating tubes. The contents of the syringes were heated, cooled, and 

pushed out onto the center circle of the prepared transparency and timed 

(Figures 2-7). Readings were taken at 1, 2, and 3 minutes. The spread 

of the supernate was measured from 4 equally spaced points around the 

circle and averaged since the supernate did not spread evenly in all 

directions. Using this method, it was possible to determine differences 



Table 6 Viscosities for Different Qualities (X400 CPS) 
High Fresh High Old Medium Old Low Old 

Cone. Dl-6 9836 9934 9841 9842 9936 9843 

15 8.35 4.13 2.73 6.3 6.55 1.95 1.2 

20 10.7 6.47 6.27 7.97 7.73 4.65 4.1 

25 10.7 7.08 5.75 5.95 6.45 5.0 4.2 

30 16.3 4.30 15.28 11.1 11.15 18.05 13.2 

Mean 11.42 6.14 7.87 7.84 7.94 6.59 5.43 

SD 3.68 2.56 6.09 3.35 2.85 6.61 5.82 

Differences between results and means in this table are due to 
unequal replications. 

Table 7 Viscosities with Cooling Time 

Cooling Time Viscosities X 400 cps 

0 Min. 3.2 

30 Mln. 5.4 

60 Min. 4.0 

120 Min. 4.6 

150 Min. 5.0 

180 Min. 6.5 

210 Min. 2.2 

240 Min. 4.4 



Figure 2 Tubes Heating in Water Bath 

Figure 3 Tubes Cooling in Ice 



Figure 4 Emptying Syringes onto Transparent Sheet 

Figure 5 High Quality Surimi (elevated 2cm) 



Figure 6 Medium Quality Surimi (elevated 2cm) 

Figure 7 Low Quality Surimi (elevated 2cm) 
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between high and low quality surimi (Table 8), but differences were 

small. In order to increase differences between qualities, the trans

parent sheet was attached to a hard surface which could be elevated to 

different heights at one end. Readings were taken at 1, 2, 3, and 4 

minutes at an elevations of 2 cm and then again at 6.5 cm. Elevating the 

sheet at one end gave good results. It was quite easy to identify the 

fresh high quality, fresh low quality and old surimi. It was, however, 

less successful in determining differences between old high, medium, and 

low quality surimi. It was felt that this was due to a deterioration in 

gel strength that occurred with storage time (Figure 8 and Table 9). 

COOLING. One very important factor that must be noted in this test 

was the cooling time. As it cooled, the supernate thickened consider

ably. Even the highest quality surimi measured as low quality when 

samples were tested with out cooling. After cooling the tubes 30 

minutes, fresh high quality surimi withstood being elevated at one end 

6.5 cm for at least 1 minute without running off the sheet at the 11 cm 

mark. Fresh low quality surimi ran off the sheet within 7 seconds when 

elevated 6.5 cm. When elevated only 2 cm, the fresh low quality surimi 

ran only 3 cm in 4 minutes, but all solutions made from old surimi ran 

off the sheet within 57 seconds. All but one of the six samples of old 

surimi ran off the sheet within 3 seconds at a 2 cm elevation (Table 10 

and Figure 9). 

Frozen Storage. Due to the results obtained, it was concluded that 

surimi looses considerable gel strength and functionality when stored 18 

months and longer at -20 C. This was consistent with Cheng's (1979) 
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Table 8 Spread of Supernatent When Not Elevated (in cm) 
Fresh High Fresh Low Old High Old Medium Old Low 

Cook Temp. Dl-6 C^G 9836 9934 9842 9843 

90 C 2.33 3.23 3.68 3.40 3.95 3.38 

60 C 3.35 3.50 -

All numbers are averages of 4 equally spaced points around the circle. 

Table 9 The Effects of Quality on 
Supernatent Spread (in cm) 

Repetition Dl-6 C-Grade 

1 0.7 11 

2 0.35 7.9 

3 0.4 11 

4 0.2 11 

5 0.3 11 

6 0.2 11 

7 0.15 11 

Mean 0.33 10.57 

SD 0.19 1.17 

LSD(.05) = 0.977 
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FIGURE 8 

SPREAD OF SUPERNATE WHEN ELEVATED 

ELEVATED 2CM.- ELEVATED 6.5CM. 

MINUTES 

OLD 9836 (—)- DL-6 ( C-G 

SAMPLES HEATED AT 90°C AND COOLED 30 MINUTES 
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Table 10 The Effects of Elevating and Cooling Time (90 C for 20 min.) 
Cooling Time (in min) 

Sample Number 30 60 90 120 150 180 

Dl-6 4:0/1:25 gelled gelled gelled gelled gelled 

C-Grade 4:0/0:06 4:0/0:38 4:0/1:00 4:0/0:20 

o
 

o
 

o
 

o
 

o
 

o
 

** 

9836 0:02 1:18 1:45 2:00 2:24 4:0/0:02 

9934 0:02 0:34 3:07 2:11 2:15 4:0/0:02 

9841 0:03 0:13 0:03 0:15 0:25 1:25 

9842 0:03 0:48 1:48 1:58 4:0/0:05 2:45 

9843 0:02 0:02 0:02 0:03 0:03 0:10 

9936 0:57 1:53 4:0/0:08 3:28 4:0/0:02 4:0/0:02 

Samples were elevated 2 cm/6.5 cm. Results are in min:sec. 

FIGURE 9 THE EFFECTS OF COOLING TIME 
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findings that gels made from tissues stored for longer periods tended to 

be less firm and less springy than gels made from tissues stored for a 

shorter period of time. Times ranged from 3-12 months. Buttkus (1979) 

found that trout myosin formed insoluble polymers when stored at -10. 

When storage temperature was decreased to -20 C, the rate of denatur-

ation decreased, but was not completely eliminated. Tests were done over 

a 14 day period. Iwata (1968, 1971) found that surimi could be kept 

frozen for up to one year without measurable deterioration when held at 

a constant temperature below -20 C. 



52 

CHAPTER 5 

SUMMARY 

At present, the punch and torsion tests are used by industry to 

determine surimi quality. These tests require 2 days to complete and use 

expensive equipment which requires a trained technician to 

operate. Using the McRae-Manning test, results can be obtained within 

1-2 hours. No expensive equipment is required and the test does not have 

to be done by a trained technician. It can be done quickly and inexpen

sively making it a valuable test for industry. 

Results from the McRae-Manning can be compared with punch and 

torsion tests, but there is no accepted standard to correlate with. The 

punch and torsion tests are not standardized. Results vary from one 

tester to another. It is felt that this is due to the absence of 

standardization. One area of variance is in preparing the surimi used 

in testing. The amount of surimi put into the cylinder and heated as 

well as what is mixed with the surimi such as cryoprotectants, salt, and 

phosphates, varies. All of these factors effect the final results. 



APPENDIX A 
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APPENDIX A. Composition and rheological tests of surimi. 

SURIMI COMPOSITION 

Nutrients and Units 
Amount in 100 crrams, edible portion 

Nutrients and Units Mean Standard Error # of Samples 
Water g 76.34 1.288 3 
Food Energy kcal 99 
Protein (N X 6.25) g 15.18 0.548 3 
Total Lipid (fat) g 0.90 0.144 3 
Carbohydrate, total g 6.85 
Crude Fiber g 0.00 
Ash g 0.72 0.040 3 
Cholesterol mg 30 1.848 3 
Tryptophan g 0.092 1 
Threonine g 0.734 3 
Isoleucine g 0.709 3 
Leucine g 1.202 3 
Lysine g 1.387 3 
Methionine g 0.515 3 
Cystine g 0.163 
Phenylalanine g 0.595 3 
Tyrosine g 0.612 3 
Valine g 0.770 3 
Arginine g 1.008 3 
Histidine g 0.350 3 
Alanine g 0.891 3 
Aspartic Acid g 1.518 3 
Glutamic Acid g 2.397 3 
Glycine g 0.588 3 
Proline g 0.566 3 
Serine g 0.663 3 

Composition of Foods: Finfish and Shellfish Products-Raw, Processed, 
Prepared. USDA, Human Nutrition Information Service. Ag. Handbook 8-15, 
1987. 
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Sample # % Moisture % Protein % Fat % Sucrose % Sorbital % STPP % Ash 

9836 75.15 15.85 0.5 4.0 3.7 0.3 0.5 

9934 77.81 13.19 0.5 4.0 3.7 0.3 0.5 

9842 75.71 15.29 0.5 4.0 3.7 0.3 0.5 

9841 78.10 14.9 0.5 4.0 3.7 0.3 0.5 

9843 73.35 - - -

9936 79.36 11.64 0.5 4.0 3.7 0.3 0.5 

Dl-6 73.8 - - -

Production 
Sample # gH ID # Date 

9836 7.10 0053SU3311 11-27-85 

9934 7.41 0063SU0441 2-13-86 

9842 7.41 0063SU0522 2-21-86 

9841 7.36 0063SU0493 2-18-86 

9843 - 0054SU3332RA 

9936 7.40 0063SU0411 2-10-86 



RHEOLOGICAL TESTS 

PUNCH (Uniaxial Compression) 

Sample # Jelly Strength Force (g) Deflection (mm) Stiffness (F/D) 

9836 785 609 12.89 47.25 

9934 627.5 459.5 13.7 33.7 

. 9842 509 361.7 14.1 25.7 

9841 493.9 372.5 13.26 28.10 

9843 275.93 364.8 7.44 49.03 

9936 274.9 195.5 14.06 13.90 

Dl-6 766 - 10.2 

Jelly Strength in g x cm. 

TORSION 

Sample # Stress Strain Rigidity Test Date 

9836 46.64 1.94 24.02 12-10-85 

9934 56.6 2.1 26.9 2-18-86 

9842 43.48 2.57 16.89 3-06-86 

9841 36.89 1.72 21.48 2-27-86 

9843 - - - 12-07-85 

9936 25.82 2.45 10.55 2-14-86 

Rigidity = Stress/Strain. 

C-Grade surimi is third grade surimi which is discarded. Therefore, it 
is not tested and no data is available. 
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APPENDIX B. DUPLICATE OF TRANPARENT SHEET FOR THE McRAE— MANNING TEST. 
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SDS-SLAB GEL FORMULAS 
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APPENDIX C. SDS-SLAB GELS 

Stock Solutions 
Lower Stock 

1.5M TRIS-HCL, pH8.8, 0.4% SDS 
TRIS base 90.8g 
SDS 2.0g in 500 ml 

Acrylamide Stock 
30% acrylamide, 0.8% bis 
Acrylamide 150g 
bis 4g in 500 ml 

3.3% Ammonium Persulfate (NH)SO 
O.lg in 3 ml OR 
0.3333g in 10 ml 

Sample Buffer* 
0.5M TRIS-HCL 
1.00% SDS 
0.01% Bromphenol blue 
30.00% Glycerol 

•Combine 20ul B-Mercaptoethanol 
per ml sample buffer for use 

Regular Destaining Solution 
75 ml Acetic Acid 
50 ml MetOH 
875 ml DD H O 

10.0-20.0% GRADIENT GEL 

Upper Stock 
0.5M TRIS-HCL,pH6.8, 0.4% SDS 
TRIS base 30.275g 
SDS 2.0g in 500 ml 

Running Buffer IPX 
30g TRIS base 
144g Glycine 
lOg SDS in 1000 ml, pH8.6 

10% Ammonium Persulfate 
O.lg in 1 ml OR 
l.Og in 10 ml 

Staining Solution 
50% Methanol 
10% Acetic Acid 
0.25% Coomassie Brilliant 
Blue R 

(Filter before use) 

Quick Destaining Solution 
50% Methanol 
10% Acetic Acid 

10% 20% 
Lower Stock 3.5 ml 3.5 ml 
Acrylamide Stock 4.66 ml 9.31 ml 
Glycerol .25 ml .37 ml 
DD H 0 5.5 ml .75 ml 
APS (3.3%) 70 ul 70 ul 
TEMED 6 ul 6 ul 

Ref. Laemmli, U.K. 1970 Nature 227:680-685.c 
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