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INTRODUCTION



Seafood and their products are recognized as important sources of 

nutrients. This has resulted in increased consumption. With the increasing 

price of commercial seafood products, the willful or unintentional adulteration 

by substituting lower quality and/or lower priced seafood products for higher 

priced products has been on the rise (An et al., 1988). This is easy in the case 

of raw and cooked fish products such as surimi, kamaboko, fish sausage and 

canned flesh.

Surimi is the stabilized myofibrillar proteins obtained from deboned 

fish flesh that is washed with water, mixed with cryoprotectants, and then 

frozen (Moosavi-nasab et al., 2005). A blended surimi is one in which the 

surimi make-up is more than one species. The use of such blended surimi is 

likely to increase as industry tries to make production more economical. Surimi 

is used as a functional protein ingredient along with natural shellfish meat in the 

manufacture of a variety of fabricated seafood products such as crab legs, 

scallops, lobster and shrimp analogs (An et al., 1989) which has the potential 

for adulteration and substitution.

In United States the finished products must be labeled properly to 

meet the Food and Drug Administration (FDA) guidelines which reflect the 

nature of the products. Martin (1986) has stressed the need to establish proper 

nomenclature and labeling for newly developed seafood analogs. These must 

meet FDA requirements which have an impact on the two major ingredients in 

the fabricated seafood products: the fish species as the main ingredient and the 

other species, such as snow crabmeat for crab meat analog, as the additional 

ingredient.

Problems also exist regarding the labeling of the content of the 

specific seafood components. Products with claims of 35% crabmeat are 

widely sold when the use of over 10% crabmeat is known to show detrimental 

effect to the products (An et al, 1989).

Therefore, there is a need for a reliable, objective method of 

identification which could be used to establish the species when substitution or 

adulteration is suspected and which could generally be used as a check on the 

labeling of fish and fishery products.



There are at least three broad testing methods available for species 

identification namely, chemical, electrophoretic, and immunological methods 

(Kurth and Shaw, 1983).

Electrophoretic patterns of the muscle myogens of fish muscle were 

found to be characteristic of the species. These species specific patterns 

remained unaltered during processing and preservation. These patterns are 

found suitable for the species identification in cases of doubtful authenticity. 

The U.S. Food and Drug Administration decided to recognize electrophoretic 

pattern of the muscle myogens of fish as an authentic method for species 

identification and to differentiate seafood species or seafood products 

(Devadasan, 2002).

Several official electrophoretic methods, such as starch gel-zone 

electrophoresis, acrylamide disc electrophoresis, thin layer polyacrylamide gel 

isoelectric focusing and cellulose acetate strip electrophoresis have been 

accepted as official methods by the Association of Official Analytical Chemists 

(AOAC, 1990) to differentiate seafood or seafood products (An et al, 1988).

When adulteration or substitution takes place, the electrophoretic 

system detects the substituted species by species-specific zones. It is also 

useful to detect the mislabeling of the content of the specific seafood 

components (minced meat, surimi and canned foods). This is extremely useful 

for Export Inspection Agency (EIA) for regulatory purposes and also for 

protection of consumer’s interests (An et al, 1989).

Therefore, the objectives of this study were to identify the species 

used in raw fillets, surimi and sausage using SDS-PAGE; to determine the 

adulterated or substituted species in surimi samples and their quality evaluation.

1.1. PARAMETERS TESTED

The following parameters were tested.

1. Electrophoretic pattern of water soluble proteins

2. Electrophoretic pattern of salt soluble proteins

3. Quality evaluation of surimi

3.1. Moisture content



3.2. pH

3.3. Impurities

4. Quality evaluation of sausage

4.1. Folding test

4.2. Sensory evaluation

4.3. Gel strength.



REVIEW OF LITERATURE



Willful or unintentional adulteration by substituting lower quality 

and/or lower priced seafood products for higher priced products has led to an 

increasing demand for identifying species of fish or other seafood in the 

marketplace (An et al, 1988).

A blended surimi is one in which the surimi make-up is more than 

one species. The use of such blended surimi is likely to increase as industry 

tries to make production more economical. Surimi is used as a functional 

protein ingredient in the manufacture of a variety of fabricated seafood products 

such as crab legs, scallops, lobster and shrimp analogs (An et al., 1989) which 

has the potential for adulteration and substitution.

Therefore, there is a need for a reliable, objective method of 

identification which could be used to establish the species when substitution or 

adulteration is suspected and which could generally be used as a check on the 

labeling of fish and fishery products.

There are at least three broad testing methods available for species 

identification namely, chemical, electrophoretic, and immunological methods 

(Kurth and Shaw, 1983).

2.1. ELECTROPHORETIC TECHNIQUES

Electrophoresis as an analytical procedure was first introduced by 

the Swedish scientist, Tiselius, in 1930 (Klepamik and Bocek, 1991). When 

first .developed, electrophoresis was carried out in free solution in a moving 

boundary system (Andrews, 1986; Klepamic and Bocek, 1991).

2.1.1. Significance of Electrophoretic Techniques for Species Identification 

in Fish and Fishery Products

Electrophoretic patterns of the muscle myogens of fish muscle were 

found to be characteristic of the species. These species specific patterns 

remained unaltered during processing and preservation. These patterns are 

found suitable for the species identification in cases of doubtful authenticity.



The U.S. Food and Drug Administration to recognizes electrophoretic pattern 

of the muscle myogens of fish as an authentic method for species identification 

and to differentiate seafood species or seafood products (Devadasan, 2002).

Several official electrophoretic methods, such as starch gel-zone 

electrophoresis, acrylamide disc electrophoresis, thin layer polyacrylamide gel 

isoelectric focusing and cellulose acetate strip electrophoresis have been 

accepted as official methods by the Association of Official Analytical Chemists 

(AOAC, 1990) to differentiate seafood or seafood products (An et at, 1988).

Other feasible methods have been subsequently applied in 

identifying fish or shellfish species; these include: sodium dodecyl sulfate- 

polyacrylamide gel electrophoresis (SDS-PAGE), urea-isoelectric focusing 

(urea-IEF), high performance liquid chromatography (HPLC), capillary 

electrophoresis (CE), immunoassay, enzyme-linked immunosorbent assay 

(ELISA) and DNA techniques (Chen and Hwang, 2002).

When adulteration or substitution takes place, the electrophoretic 

system detects the substituted species by species-specific zones. It is also 

useful to detect the mislabeling of the content of the specific seafood 

components (minced meat, surimi and canned foods). This is extremely useful 

for Export Inspection Agency (EIA) for regulatory purposes and also for 

protection of consumer’s interests (An et at, 1989).

2.2. PROTEINS STUDIED FOR SPECIES IDENTIFICATION IN FISH AND 

FISHERY PRODUCTS

2.2.1. Sarcoplasmic Proteins (Water Soluble Proteins)

The soluble proteins of the sarcoplasm, located within the 

sarcolemma are referred to as “sarcoplasmic proteins”. Among them, some 

albumins and so called myogens, to which belong most of the enzymes of the 

glycolytic pathway, are the real water soluble proteins (Wahyuni et al, 1998). 

The other fractions of sarcoplasmic proteins are soluble in low salt 

concentrations.

The sarcoplasmic or water soluble proteins make up 20-35% of the 

total protein content of muscle, depending on the species (Mackie, 1993). They



include about 100 different proteins which are globular or rod shaped in 

conformation with low viscosity (Asghar et al, 1985) and are low molecular 

weight (40-60 kD) compounds (Mackie, 1997).

The genetic differences between species are more pronounced in 

sarcoplasmic proteins compared with other group of proteins, because they are 

responsible for widely divergent enzymatic transformations in the muscle cell. 

Hence the separation patterns of profiles obtained on electrophoresis or 

isoelectric focusing (IEF) can be used for the unequal identification of the 

species (Mackie, 1997).

2.2.2. Myofibrillar Proteins (Salt Soluble Proteins)

Salt soluble proteins present in the myofibrils within the muscle 

cell. They contribute about 65-75% of the total proteins (Mackie, 1997). 

Based on the physiological and structural roles in living tissues, myofibrillar 

proteins can be further divided into three sub groups.

a) the major contractile proteins, including myosin and actin, which 

are directly responsible for muscle contraction and are the backbone of the 

myofibril.

b) regulatory proteins, including tropomyosin, the tropinin complex 

and several other minor proteins, which are involved in the initiation and 

control of contraction, and

c) cytosketal or scaffold proteins, including titin or connectin, nebulin, 

desmin and a number of other minor components, which provide structural 

support and many functions in keeping the myofibril in alignment or register 

(Xiong, 1997).

Among the different myofibrillar proteins myosin and tropomyosin 

find application in species identification in fish and fishery products by 

electrophoresis.



2.2.2.1. Myosin

Myosin contributes 55% of the muscle proteins by weight and 

forms the thick filaments in myofibrils (Murray et al, 1993). It is the largest 

myofibrillar protein molecule with a molecular weight of 250 kD and is highly 

asymmetrical consisting of two globular heads and a long tail (Rayment et al, 

1993).

Fish myosin, similar to myosin of other vertebrates, is a hexameric 

protein consisting of two heavy chains (MW=210 kD each) and four light 

chains (MW= 15-25 kD each) with a total molecular weight of 520 kD (Seki et 

al, 1998).

Electrophoretic pattern of the light chains is different for different 

species whereas the heavy chains are same (Martinez et a l , 1990 a). Hence an 

electrophoregram myosin light chain isolated from fish muscle is used for 

species identification.

2.2.2.2. Tropomyosin

Tropomyosin is the most abundant regulatory protein which is a 

dimeric molecule consisting of two dissimilar subunits designated oc- and (3- 

tropomyosin with molecular weight of about 34,000 and 36,000 daltons 

respectively (Xiong, 1997).

Seki (1977) compared SDS-electrophoretic patterns of tropomyosin 

from over 20 different species of fishes. He observed a single band in 

mackerel, yellow fin tuna, big eye tuna, and skipjack tuna whose 

electrophoretic mobility is different for different species.

Tropomyosin is a heat stable protein which can be extracted from 

heat treated fish products, also making it possible to identify the content of the 

fish products by SDS electrophoretic pattern of tropomyosin (Suzuki, 1981).



s

2.3. ELECTROPHORETIC WORKS ON SPECIES IDENTIFICATION

Since each individual species is chemically composed of different 

proteins at varying levels, techniques that separate proteins may help to identify 

different species. Electrophoretic methods such as starch gel-zone 

electrophoresis, acrylamide disc electrophoresis, thin layer polyacrylamide gel 

isoelectric focusing and cellulose acetate strip electrophoresis have been 

accepted as official methods by the Association of Official Analytical Chemists 

(AOAC, 1990) to differentiate seafood or seafood products (An et al, 1988). .

Several workers used electrophoresis as an aid in the species 

identification of fish and fishery products and is reviewed by LeBlanc (1989).

2.3.1. Raw Fish Flesh

As long as the sarcoplasmic proteins of flesh remain in the native 

state, they are readily extractable with water or dilute salt solutions and are then 

in a suitable form for separation by IEF or electrophoresis (Mackie, 1997).

The species of raw fish is normally readily established by 

comparing the IEF profile of an aqueous extract with those of aqueous extract 

of authentic species. Although the separation profiles of individual fish, even 

of the same species, show some degree of variation, they none the less have a 

sufficient number of major zones in common to enable a profile to be 

recognized unequivocally (Mackie, 1997).

Cowie (1968) has employed the thin slab polyacrylamide gel 

electrophoresis technique for the separation of muscle myogen in raw and 

mixture of fish species with relation to fish taxonomy.

Lundstrom (1980) adopted successfully thin layer polyacrylamide 

gel isoelectric focusing for species identification. Learson (1970) has described 

a rapid electrophoretic cellulose acetate method for identifying fresh, frozen, 

freeze dried fish fillets and breaded raw and precooked sticks.

Yowell and Flurkey (1986) reported that when fish fillets were 

subjected to freezing and microwave heating, a significant loss in water soluble



proteins with appearance of two high molecular weight proteins using sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

Chen and Hwang (2002) used SDS-PAGE technique for 

identification of muscle proteins in different puffer species. They reported that 

lower molecular weight protein bands (<30.0 kD) and double staining were 

more useful for identifying the different puffer species.

IEF profiles of raw fish of the same species have been shown to be 

remarkably constant, although minor differences attributable to polymorphism 

are found. Extensive studies on the effects of geographical location of fishing 

ground have shown that there is little variation in the profiles of a species. 

These results give confidence in the use of the IEF method for fish species 

identification. Cod obtained off Baltic Sea, has the typical cod profile which is 

different from that of Pacific cod (Mackie and Ritchie, 1981).

Sotelo et al, (1992) used IEF technique for identification and 

differentiation of closely related species. They differentiated scampi (Nephrops 

norvegus) from Metanephrops andamanicus from the Pacific.

When adulteration /substitution takes place, the electrophoretic 

system can also be applied to the problem, provided that the profiles of the 

species of interest have species-specific zones which do not coincide with those 

of the other species in the mixture (Sotelo et al, 1992).

Isoelectric focusing is the preferred procedure for the identification 

of species of raw fish. With recent advances in the use of densitometry and 

image analysis, data on isoelectric point (pi) values and peak height and areas 

held in computer data bases. These developments will make the system will 

identify mixed species products and give an estimate of the quantitative 

composition of the respective species (Hall, 1997).

IEF has been used by several workers to identify seafood species 

such as shrimp (An et al, 1988; Wei et al, 1990) crab (Gangar, 1992), snapper 

(Huang eta l, 1995).

IEF profiles of the white fish species, cod, haddock and whiting, 

have species-characteristic zones well separated from those of scampi, thereby 

enabling the presence of adulterants to be established (Sotelo et al, 1992).

When crustacean species are present in a mixture the absence of 

species-specific zones, well separated from those of other species, makes



identification of the components’ species difficult and in many cases 

impossible. For this particular problem, the alternative SDS procedure, which 

separates on the basis of molecular weight, has been found to be more 

discriminating (Hall, 1997).

2.3.2. Cooked but Not Autoclaved Fish

During cooking the proteins get heat denaturation, aggregation of 

proteins leading to precipitation which are inextractable in the normal protein 

solvents such as water or strong salt solutions as the native properties of the 

proteins have been destroyed (Hall, 1997).

Mackie (1993, 1994a) reported that the bonds that are formed are 

largely non-covalent, hydrophobic and hydrogen bonds, possibly with some 

degree of electrostatic interaction between the charged groups of the denatured 

proteins. Some -S-S- bonds may also be formed.

Heat-denatured proteins can be dissolved in a concentrated solution 

of SDS, a solvent which splits hydrogen bonds. A reducing agent such as 

dithiothreitol is often added to break any -S-S- bonds which may be present. 

The extracted protein residues can then be separated by SDS electrophoresis 

and, as for raw species, by comparing the protein profile of the unknown with 

those of authentic samples, which can been treated in the same way, 

identification of the species can be made (Hall, 1997).

The SDS profile with silver staining of an unknown (reformed 

extruded scampi) was compared with those of authentic species of gadoid 

which could have been used to extend or adulterate the product (Blum et a l , 

1989; Craig et al., 1995).

Craig et al, (1995) reported that the SDS procedure is preferred 

method for scampi product identification compared with IEF. Adulterated 

scampi can be detected from other crustacean such as warm water prawns, 

Indian white prawn by clear mobility of one or two species-specific zones of 

SDS electrophoresis, which can made it possible to establish the presence of 

non-scampi proteins.

The SDS technique is often preferable for differentiating cooked 

flesh and salted smoked fish compared to IEF (Hall, 1997).



Krzynowek and Wiggin (1981) used thin layer polyacrylamide gel 

isoelectric focusing for generic identification of cooked and frozen crabmeat 

with 97.5% accuracy.

Mackie (1969) has described a modified polyacrylamide disc 

electrophoresis for identifying raw, cooked fish and smoked fish.

An et al, (1988) found that SDS-PAGE was useful in 

distinguishing shrimp of different genus. This technique was tested and proven 

in a blind study to be useful for species identification and detection of 

fabricated products.

SDS electrophoresis has been used successfully to analyse surimi- 

based gel products which are manufactured into shellfish substitutes. Sufficient 

differences in the SDS profiles of what are essentially sarcoplasmic proteins- 

free muscle proteins have been obtained to enable the identity of the species of 

fish used in the production of surimi to be established (Torry Research Station, 

1986; Rehbein, 1992).

Seki et al, (1980) have described a preparative SDS-PAGE method 

of myosin light chains from both raw and cooked fish products such as 

kamaboko, fish sausage and canned flesh.

An et al, (1989) used both SDS-PAGE and urea-gel IEF to identity 

species-specific protein bands of raw, cooked fish and surimi samples from 

Alaska Pollock and Red hake. They found that this method appears to have 

potential application for identifying adulterated/substituted fish and surimi 

mixed samples.

However, the success of the procedure in identifying the species is 

dependent on the extent of the relationship between the species. Distinct 

profiles can be obtained from cod, blue whiting and sardine but not between 

cod and Alaska Pollack, one of the main species used for the manufacture of 

surimi. The solution to the problem is to separate myosin heavy chains by SDS 

electrophoresis and, after limited proteolytic digestion, to separate the peptides 

obtained by SDS electrophoresis to give species-specific profiles.

However, SDS electrophoresis is likely to remain the preferred 

procedure for species identification of cooked fish products, surimi and raw fish 

products such as scampi where there is potential adulteration by other Crustacea.



Further developments in optimizing the procedure will enable 

corresponding data on molecular weight and area of protein zone to be 

determined by image analysis and stored on computer data base. These 

developments will make that the system will identify mixed species products 

and give an estimate of the quantitative composition of the respective species 

(Hall, 1997).

2.3.3. Heat - Sterilized and Autoclaved Products

When fish flesh is subjected to the high temperatures and pressure 

of the canning process (Homer, 1992), the constituent proteins undergo further 

denaturation, possibly in the fonn of increased covalent bond formation.

Mackie et al, (1992) reported that continued denaturation of 

proteins in the canning process is seen in the loss of protein zones on SDS 

electrophoresis and background staining. Due to these features, SDS 

electrophoresis has limited application to canned fish products; the few protein 

zones that are observed are often common to all the species examined and the 

strong background staining adds to the problems of differentiation.

Mackie and Taylor (1972) extended the polyacrylamide gel 

electrophoresis for the identification of heat sterilized canned fish species.

Mackie and Taylor (1972) used cyanogens bromide in formic acid 

to give IEF species-specific profiles of the protein hydrolytic fragments.

Cyanogen bromide split the methionine residue, which liberates a 

sufficient number of large polypeptides which can be successfully identified by 

electrophoresis (Connell, 1973; Anon, 1988 b; Hofmann, 1988).

Mackie et al, (1999) used SDS electrophoresis for identification of 

canned fish species.

Pineiro et al, (1999) developed SDS-PAGE as a reference method 

for species identification in raw and heat-processed samples. They yielded well 

reproducible and discriminant species-specific protein patterns.

However, when the species are closely related, such as members of 

the tuna or salmon families, the differences in profiles obtained are insufficient 

to enable differentiation to be made.



MATERIALS AND METHODS



3. MATERIALS AND METHODS

3.1. PREPARATION OF SURIMI

3.1.1. Selection of Raw Material
Two species of fish were used for the present study.

The species used were, Threadfin bream (Nemipterus japonicus), 

and Bulls-eyes (Priacanthus hamrur).

The above species were selected on the basis of their commercial 

importance in surimi production and their availability. They were obtained 

from the Cochin fishing harbour.

The material was brought to the laboratory in iced condition. Care 

was taken to keep the temperature of the material below 5°C by icing during 

transportation and the samples were kept in a deep freezer immediately on 

procurement.

3.1.2. Individual Surimi
Surimi was prepared individually or separately from two selected 

species as follows,

Surimi sample I : Threadfin bream 

Surimi sample I I : Indian bulls eye

3.1.3. Mixed Surimi
Mixed surimi samples were prepared by mixing the meat of fishes

as follows,

Surimi sample III: Threadfin Bream: Indian Bulls eye =1:1 ratios. 

Surimi sample IV: Threadfin Bream: Indian Bulls eye = 3:1 ratios. 

Surimi sample V : Threadfin Bream: Indian Bulls eye = 1:3 ratios. 

Surimi sample VI: Threadfin Bream: Indian Bulls eye = 4:1 ratios.

3.1.4. Method of Surimi Preparation
Surimi was prepared following a procedure described by Suzuki 

(1981). Raw material was washed properly with water and weighed. The 

material was dressed to remove head, scales, viscera, peritoneal membrane,



skin, and large bones and washed once again. Meat was picked up manually 

and the yield was determined. Meat was minced by meat mincer. Minced meat 

was strained to remove pin bones, membranes, connective tissue, etc., by using 

a strainer. Water leaching was done by adding 7-8 times volume of water to the 

meat and agitating by using stirrer for about 5-10 minutes. Ice was added to the 

meat-water mixture during stirring for keeping the temperature below 5°C. 

Meat was allowed to settle down in the vessel and then supernatant was 

removed. Water leaching was repeated for about 3-5 times until the meat 

became white in colour. NaCl was added to the water used for final wash at the 

rate of 0.05-0.1%. Meat was dehydrated using hand press to achieve the final 

moisture content to 80%. Sodium tripolyphosphate at 0.3%, sucrose at 4.0% 

and sorbitol at 4.0% of meat weight were mixed with meat with the help of 

silent cutter at 10-15 minutes at temperature of <15°C. The yield was 

determined. Surimi was packed in plastic film lined trays at the rate of 

0.5kg/tray with 3 cm thickness with no air packet. Surimi was frozen at -35°C 

to-40°C by using contact plate freezer and it was stored at -30°C.
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Fig.l. Process Flow of Surimi Production

3.2. PREPARATION OF SAUSAGE

Sausage was prepared following a procedure described by Suzuki 

(1981). Sausages I, II, III, IV, V, VI were prepared by drawing the samples 

from corresponding surimi.

Each sample of thawed surimi was divided into four lots of 

approximately 150g each and was ground using mortar and pestle for 2 minutes 

each. Three percent salt was added and ground again for 8 minutes. Com 

starch was added at the rate of 0%, 3%, 5%, and 10% to the lots respectively. 

Grinding was continued for another 5 minutes. During grinding the 

temperature of surimi was kept as low as possible (below 10°C). Cellulose 

casings were sealed at one end using sealer. Paste meat was stuffed into 

casings without air pockets using sausage stuffer. The other ends of the casings



were sealed using sealer. It was boiled for 30-40 minutes in a water bath at 88- 

90°C and then cooled in cold water. The sausage was over wrapped to prevent 

drying and kept in chill store at 10°C over night.

(A) from whole fish (B) from frozen surimi

Fig.2. Process Flow of Sausage Production



3.3. QUALITY EVALUATION OF PREPARED SURIMI

Various methods to test the quality of frozen surimi are being 

employed by companies or associations working in this field. Quality 

evaluation of prepared surimi was carried out by the method suggested by 

FAO-Codex Alimentarius Commission (2005).

3.3.1. Preparation of Test Sample
A 50g block of frozen surimi was cut out using a saw or cutter. This 

test block was placed in a polyethylene bag and left it at room temperature until 

it reached a temperature of about 0°C and was soft enough to be cut with knife.

3.3.2. Moisture
Moisture content of surimi was detennined by the method of AOAC 

(1975). A sample of about lOg was weighed accurately in a clean dry 

preweighed petridish using an electronic balance and was dried to a constant 

weight at a temperature of 105°C in a hot air oven. The dried material was 

cooled in a dessicator. The moisture content was calculated as the percentage 

loss of weight of the surimi upon drying. The determination of the test was 

done on a three sample basis.

Moisture content was calculated according to the following formula 

to the first decimal place.

Wi-W2
Moisture content (%) = ................. x 100

Wi-W

Where,

W - Weight of empty dish

Wi - Weight of dish + sample before drying

W2 - Weight of dish + sample after drying

3.3.3. pH

pH of surimi was determined by the method described by Suzuki 

(1981). A 5g sample of thawed surimi was blended with 45ml of distilled 

water. The mixture was homogenized and pH of the suspension was measured



using a glass electrode pH meter to the second decimal place. The 

determination of the test was done on a two sample basis.

3.3.4. Impurities

Impurities of surimi were determined by the method described by 

Suzuki (1981). A lOg sample of thawed surimi was spread uniformly on glass 

plate to 1mm thickness and impurities such as skin, small bones, and any 

objectionable matter other than fish meat was sought out. The impurities were 

counted as follows; Objects of 2mm or larger was counted as one each, and 

objects less than 2mm was counted as 1/3 and any unnoticeable matter smaller 

than 1mm was disregarded. Grades were given according to the scale 

(Appendix I).

3.4. QUALITY EVALUATION OF PREPARED SAUSAGE

Quality evaluation of prepared sausage was carried out by the 

method suggested by FAO-Codex Alimentarius Commission (2005).

3.4.1. Folding Test

Folding test of sausage was conducted by the method described by 

Suzuki (1981). The folding test was conducted by folding a 5mm thick slice of 

sausage (gel) slowly in half and half again while examining it for signs of 

structural failure (cracks). Folded state was kept for five seconds, and then the 

change in the shape was evaluated by five-stage method. The minimum 

amount of folding was required to produce a crack in the gel was determined 

the score for this test. Three or more slice pieces of the same inspection sample 

were tested and the average mark was obtained (Appendix II).

Sausage with AA grade was recorded.



3.4.2. Sensory (Biting) Test

Sensory test of sausage was conducted by the method described by 

Suzuki (1981). Sensory test was done by a panel of judges by biting 5mm thick 

slice pieces of the sausage sample and it was evaluated resilience upon touch to 

teeth and cohesiveness upon bite by 10- point method. Three or more slice 

pieces of the same inspection sample were tested by a panel and the average 

score was obtained (Appendix III).

3.4.3. Gel Strength

Gel strength can be defined as the force required to break the 

surface of the sample. It is expressed as g.cms. The gel strength of sausage 

was measured by the method suggested by Okada (1974).

Flow rate of water was determined by allowing water to flow into 

cup at the constant rate for a certain period in seconds. The water was stopped 

and volume of water was measured. Rate of water flow per second was 

calculated. Average of few trials was taken and expressed in g/sec.

The kymograph paper was attached on the surface of the drum and 

the pen was kept in position. The drum was rotated for certain period in 

seconds. Length of the horizontal line was measured. Distance traveled by 

surface of drum per second was calculated and expressed in cm/sec.

From the two values the factor ‘F’ calculated as follows,

Weight of water in g/sec

F = ..........................................................................

Distance travelled by drum surface in cm/sec.

£F’ was expressed as g/cm.



Then sample was cut into round shaped slices of length 25mm with 

flat surface at both ends, and then the film was removed. The sample was 

placed vertically on stand below plunger so that the center of the slice surface 

was directly below the plunger. Drum was rotated to get a horizontal line. 

Water was allowed to flow into the cup at the same rate as determined earlier. 

Plunger moved down due to the weight of water, simultaneously the pen traced 

stress-strain curve on the kymograph paper. Gel strength of the sample was 

calculated as, (shown in the figure.3)



Fig.3. Okada Gelometer’s kymogram

Gel strength (g.cm) = Vi (Ax X Bx) X F

Where,

Ax - Load (g)

Bx - Degree of strain (cm)



3.5. EXTRACTION OF PROTEIN FRACTIONS FOR ELECTROPHORESIS

3.5.1. Extraction of Sample for Electrophoresis of Water Soluble Poteins

About 5g of the minced meat was mixed with 10ml cold distilled 

water and homogenized using a mortar and pestle for 2 minutes under ice cold 

conditions. The suspension was then centrifuged at 2000 rpm for 10 min at 

4°C. The supernatant was used for the electrophoresis of sarcoplasmic proteins.

3.5.2. Extraction of Sample for Electrophoresis of Salt Soluble Proteins

The residue of the previous extraction was used for the extraction of 

salt soluble protein using Dyer’s buffer (5% NaCl in 0.02MNaHC03, pH 7.0). 

The residue was mixed with about 40 ml Dyer’s buffer and stirred at low speed 

using a magnetic stirrer for 1 h. at low temperature. The suspension was then 

centrifuged at 10,000 rpm for 20 min. and the supernatant was transferred to a 

50 ml standard flask. The volume was made up with the same buffer and used 

for the elctrophoresis of salt soluble proteins.

3.6. ELECTROPHORESIS OF PROTEINS

Proteins were separated by sodium dodecyl sulphate- 

polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970).

3.6.1. Principle

In the presence of SDS and 2- mercapto ethanol, proteins dissociate 

into their subunits and bind large quantities of detergent. The total charge of 

the protein becomes negative giving a constant charge to mass ratio. So 

proteins move according to their molecular weight in an electric field.

3.6.2. Reagents

3.6.2.I. Tris-Hcl: 0.5 M, pH 6.8



3.6.2.2. Tris- Hcl: 1.5 M, pH 8.8

3.6.2.3. SDS: 10%

3.6.2.4. Acrylogel: 30% T, 2.67% C

3.6.2.5. Ammonium Persulphate (APS): 10%

3.6.2.6. Coomassie Brilliant Blue (R-250)

3.6.2.1. Acetic Acid (7%)

3.6.2.8. Sample Buffer:

Distilled water : 3.8 ml

Tris- HC1 0.5 M, pH 6.8 : 6.8 ml

Glycerol : 0.8 ml

10% SDS : 1.6 ml

2- mercaptoethanol : 0.4 ml

1 % Bromophenol blue : 0.4 ml

3.6.2.9. Electrode Buffer

Tris base : 9g

Glycine : 43.2g

SDS : 3g

These reagents were dissolved in 600 ml of distilled water.

3.6.2.10. Working Solution

Dilute 100 ml from stock to 500 ml distilled water.



3.6.2.11. Separating Gel (7.5%)

Distilled water 4.05 ml

Tris-HCl 1.5 M 2.5 ml

10% SDS 100 pi

Acrylamide 3.3 ml

APS 10% 50pl

TEMED lOpl

3.6.2.12. Stacking Gel (4%)

Distilled water : 6.1 ml

Tris- HC1 0.5 M : 2.5 ml

10% SDS : lOOpl

Acrylamide : 1.33 ml

APS 10% : 50pl

TEMED : lOpl

3.6.3. Procedure

0.1 ml of the suitably diluted protein solution was taken in a small 

centrifuge tube and 0.1 ml of the sample buffer was added, heated in a boiling 

water bath for 4 min., cooled and stored at -20°C in a cold store until use. 

Running (7.5%) and stacking (4%) gels were prepared and protein solution in 

Lamelli buffer is applied on the stacking gel (lOpl). Current of 200V was 

applied and the protein migrates on the electrical field was indicated by the 

bromophenol blue added in the sample buffer. At the end of the run the gel was 

removed and was placed in a big petridish containing the stain, Coomassie 

Brilliant Blue (R-250) for 30 min. and transferred into 7% acetic acid for 

destaining till the gel gets completely destained. The gel was photo 

documented.



3.6.4. Molecular Weight Determination

Molecular weights of the protein bands were determined according to 

the methods of Weber and Osborn (1969) and Davies and Stark (1970) using a 

broad range molecular weight (MV) protein kit, SDS (Bangalore Genei., 

Bangalore, India). Molecular weight of protein was determined by using 

software, Quantity One.



RESULTS



The results of the experiment can be considered systematically under the 

following heads.

1. Quality evaluation of surimi

2. Quality evaluation of sausage

3. Electrophoretic pattern of water soluble proteins

4. Electrophoretic pattern of salt soluble proteins

4.1. QUALITY EVALUATION OF SURIMI

Table 1, shows the quality evaluation of surimi used for the 

experiment. Moisture contents of surimi varied from 75-79.80%; pH varied 

6.06- 6.90 and No. of impurities varied from 11-19.

Table 1 : Quality evaluation of surimi

Surimi
samples

1
TF

11
BF

HI
TF:BF
(1:1)

IV
TF:BF

(3:1)

V
TF:BF
(1:3)

VI
TF:BF

(4|1)
Moisture
content

(%)
77.70 79.80 77.60 75.40 78.50 75

pH 6.77 6.06 6.90 6.43 6.69 6.60

Impurities 
_ (no.)

15 15 19 14 11 14

TF - threadfin bream fillets; BF -  bulls-eye fillets

4.2. QUALITY EVALUATION OF SAUSAGE

Table 2, shows the effect of various quality factors on the different 

starch concentration of threadfin bream, bulls-eye and . various mixed sausage 

samples used for the experiment.



Plate l.Surimi samples



4.3. ELECTROPHORETIC PATTERN OF WATER SOLUBLE PROTEINS

4.3.1. Raw Fillets

4.3.1.1. Threadfin bream

Plate 3 and table 3 shows the electrophoretic pattern of water soluble 

proteins of threadfin bream raw fillets (TF). Bands were obtained in the 

electropherogram of water soluble proteins in a 7.5% gel.

4.3.1.2. Bulls-eye

Plate 3 and table 3 shows the electrophoretic pattern of water soluble 

proteins of bulls-eye raw fillets (BF). Bands were obtained in the 

electropherogram of water soluble proteins in a 7.5% gel.

4.3.2. Surimi Samples
Plate 3 and table 4 shows the electrophoretic pattern of water soluble 

proteins of surimi samples. Bands were obtained in the electropherogram of 

water soluble proteins in a 7.5% gel.



Plate l.Surimi samples



4.3. ELECTROPHORETIC PATTERN OF WATER SOLUBLE PROTEINS

4.3.1. Raw Fillets

4.3.1.1. Threadfin bream
Plate 3 and table 3 shows the electrophoretic pattern of water soluble 

proteins of threadfin bream raw fillets (TF). Bands were obtained in the 

electropherogram of water soluble proteins in a 7.5% gel.

4.3.1.2. Bulls-eye
Plate 3 and table 3 shows the electrophoretic pattern of water soluble 

proteins of bulls-eye raw fillets (BF). Bands were obtained in the 

electropherogram of water soluble proteins in a 7.5% gel.

4.3.2. Surimi Samples
Plate 3 and table 4 shows the electrophoretic pattern of water soluble 

proteins of surimi samples. Bands were obtained in the electropherogram of 

water soluble proteins in a 7.5% gel.



Std TF TS BF BS TS:BF TS:BF TS:BF TS:BF Std
1:1 3:1 1:3 4:1

Plate 3.SDS-PAGE pattern of water soluble proteins of intact fillets, 
surimi and surimi mixtures of threadfin bream and bulls-eye. The 
numerical values are molecular weights (kD) of the protein bands. TF: 
threadfin bream fillet; TS: threadfin bream surimi; BF:bulls-eye fillet; 
BS:bulIs-eye surimi.

Plate 4.SDS-PAGE pattern of water soluble proteins of sausage I (TF) 
and VI (TF:BF=4:1) with different starch concentration. The numerical 
values are molecular weights (kD) of the protein bands. TF:threadfin 
bream fillet; BF:bulls-eye fillet.



Table 2 : Effect of various quality factors on the different starch 
concentration of threadfin bream, bulls-eye and various mixed sausage

Sausage
Starch

concentration
(%)

Sensory
score

Folding test Gel strength 
(gem)Grade

I) TF

0 6.4 AA 630.63

3 6.5 AA 722.09

5 8.6 AA 819.00

10 6.0 AA 962.33

11) BF

0 8.1 B 568.75

3 6.4 A 705.25

5 6.7 AA 815.36
10 7.0 AA 912.73

P=4

0 7.7 AA 673.40
3 6.4 AA 737.78

5 5.0 AA 834.01
10 7.2 AA 1004.64

IV)
TF:BF
(3:1))

0 7.7 AA 412.45

3 5.9 AA 638.82

5 6.4 AA 911.14
10 7.6 AA 1108.38

V)
TF:BF

(1:3)

0 8.4 AA 543.04

3 7.3 AA 649.74

5 7.0 AA 765.77
10 7.4 AA 942.31

VI)
TF:BF
(4:1))

0 7.6 B 649.74 '
3 6.3 A 780.55
5 6.6 AA 919.55
10 6.5 AA 1091.32

TF - threadfin bream fillets; BF -  bulls-eye fillets



Band No.
Mol.wt. of protein 3ands (kD) of fillets

Threadfin bream Bulls-eye
1 203.3* 202.1
2 157.4 158
3 92.4* 137.5
4 60.9* 91*
5 51.3* 61.4*
6 26.0* 47.8*
7 19.4* 31.1*
8 18.5* 25.7*
9 16.6 19.7*
10 14.5* 18.4*
11 17.7
12 14*

*strong bands; remaining narrow and less intensive bands.

Table 4 : Molecular weights of the protein bands of surimi samples 

extracted with distilled water

Band
No.

Mo .wt. of proteins bands (kD) of surimi samples

I) TF II) BF
III)

TF:BF
(1:1)

IV)
TF:BF

(3:1)

V)
TF:BF
(1:3)

VI)
TF:BF
(4:1)

1 203.3* 196.1 194.5 203.3* 201.8* 203.3*
2 154.4* 155 155.3 152.3* 157.6 156.2*
3 131.6 123.8 136.5 132.4 135.6 132.9
4 120.8 . 94.3 124 124.2 124.4 123.2
5 99.7 63.8 103.3 100.2 93.6* 93.6
6 93.6 51.4 93.6 93.6 81.4 63.8
7 86.9 38.4* 88.8 63.8 63.8 52.5
8 78.9 25.7* 79.8 53.2 59.7 36.3*
9 63.1 22.8 63.8 35.8* 51.1* 25.7*
10 54.5 19.7 52.3 26.0* 37.5* 22.3*
11 33.2* 18.4 37* 22.3 22.3* 21.2
12 26* 17.7 25.7* 19.7 19.7 19.7
13 22.3 14* 22.3 19.3 19.1 17.7
14 19.4 19.7 17.7 17.7 14.5*
15 18.5 19 14.5* 14.5*
16 14.5* 17.7
17 14.5*



TF - threadfin bream fillets; BF -  bulls-eye fillets 

* strong bands; remaining narrow and less intensive bands

4.3.3. Sausage Samples

4.3.3.1. Sausage (I) TF and (VI) TF:BF (4:1)

Plate 4 and table 5 shows the electrophoretic pattern of water 

soluble proteins of sausage I (TF) and (VI) TF:BF (4:1). Bands were obtained 

in the electropherogram of water soluble proteins in a 7.5% gel.

Table 5 : Molecular weights of the protein bands of sausage samples 

extracted with distilled water

Band
No.

Mol.wt. of protein bands (kD) of sausage samples with different
starch concentration

(I) TF (VI) TF:BF (4:1)
0% 3% 5% 10% 0% 3% 5% 10%

1 197 205 205 207 191.2
* 193.1* 209.1 209.1

2 44.2 161.5 159.9 163.1 80.1 153.7 163.1 197
3 26.0* 123.5 122.3 122.3 40.4* 132.4 123.5 161.5
4 14.5* 44.6 104.4 114.1 25.7* 119.9 81.6 121.1
5 123.5 26.0* 83.8 105.4 16.9 80.1 41.7 104.4
6 166.4 14.5* 45 43.8 14.5* 41.7* 25.7* 82.3
7 26.0* 26.0* 25.7* 14.5* 54.5
8 16.6 14.5* 16.9 44.2
9 14.5* 14.5* 25.7*
10 14.5*

TF - threadfin bream fillets; BF — bulls-eye fillets 

*strong bands; remaining narrow and less intensive bands

4.3.3.2. Sausage (II) BF  and (III) TF:BF (1:1)

Plate 5 and table 6 shows the electrophoretic pattern of water 

soluble proteins of sausage (II) BF and (III) TF:BF (1:1). Bands were obtained 

in the electropherogram of water soluble proteins in a 7.5% gel.



0% 3% 5% lo iT std  1*0% 3% 5% 10%|
sausage II (BF)  ̂ ] sausagelH (TF:BF=l:lj

Plate 5.SDS-PAGE pattern of water soluble proteins of sausage II (BF) 
and III (TF:BF=1:1) .with different.starch concentration. The numerical 
values are molecular weights (kD) of the protein bands. TF:threadfin 
bream fillet; BF:bulls-eye fillet.

97.4

20.1

14.3
0% 3% 5% 10%
sausage IV (TF:BF=3:1)

0% 3% 5% 10%i
sausage V (TF:BF=1:3)

Plate 6.SDS-PAGE pattern of water soluble proteins of sausage IV 
(TF:BF=3:1) and V (TF:BF=1:3) with different starch concentration. 
The numerical values are molecular weights (kD) of the protein bands. 
TF:threadfin bream fillet; BF:bulJs-eye fillet.



4.3.3.3. Sausage (IV) TF:BF (3:1) and (V) TF:BF (1:3)

Plate 6 and table 7 shows the electrophoretic pattern of water 

soluble proteins of sausage (IV) TF:BF (3:1) and (V) TF:BF (1:3). Bands were 

obtained in the electropherogram of water soluble proteins in a 7.5% gel.

Table 6 : Molecular weights of the protein bands of sausage samples 

extracted with distilled water

Band
No.

Mol.wt. of protein bands (RD) of sausage samples with different
starch concentration

(II) BF (III) TF:BF (1:1)
0% 3% 5% 10% 0% 3% 5% 10%

1 205 201 203 81 206.9 209 205 205
2 164.1 165.7 167.3 70.1 165.7 170.6 164.1 164.1
3 151.9 137.9 136.6 64.3 128.9 127.6 126.4 126.4
4 79.1 126.4 121.6 49.3 81.9 117 117 106.2
5 50.1 119.3 104.2 41.7 50.1 47.2 80.5 81.9
6 25.7* 82.6 81 25.7* 44.8 25.7* 50.1 39.2
7 20.9 50.1 73.2 20.4 25.7* 20.9 25.7* 25.7*
8 14* 25.7* 44.4 14* 20.6 19.8 14.5* 17.4
9 13.8 14* 25.7* 17.2 14.5* 14.5*
10 13.8 14* 14.5*

TF - threadfin bream fillets; BF -  bulls-eye fillets 

*strong bands; remaining narrow and less intensive bands

4.4. ELECTROPHORETIC PATTERN OF SALT SOLUBLE PROTEINS

4.4.1. Raw fillets

4.4.1.1. Threadfin bream
Plate 7 and table 8 shows the electrophoretic pattern of salt soluble proteins 

of threadfin bream raw fillets (TF). Bands were obtained in .the 
electropherogram of salt soluble proteins in a 7.5% gel.

4.4.1.2. Bulls-eye
Plate 7 and table 8 shows the electrophoretic pattern of salt soluble proteins 

of bulls-eye raw fillets (BF). Bands were obtained in the electropherogram of 
salt soluble proteins in a 7.5% gel.
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molecular weights (k l ) ) o f  the protein bands. TF:threadfin  bream fillet; TS:  
threadfin bream surimi; BF:bulls-eye fillet; BS:bulls-eye surimi.
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P la te  8 .S D S -P A G E  pattern of salt soluble proteins of  sausage  I (TF) and  
II (BF) with different starch concentration. The numerical values are 
molecular weights (kl)) of the protein bands. TF:threadfin bream fillet; 
BF:bulls-eye fillet.



Band
No.

Mol.wt. of the protein bands (kD) of sausage samples with 
different starch concentration

(TV) TF:BF (3:1) (V) TF:BF (1:3)
0% 3% 5% 10% 0% 3% 5% 10%

1 205* 267.9 96.3 147.7
* 193.1 224.1 193.1 156.8*

2 96.3* 100.3 66 96.3* 97.4 96.3 93.3* 89.5*
3 81.4* 59.1 59.1 71.7 64.6 64.3 65 79.7
4 66.6 52.2 52.2 60.3 58.8 58.8 47 70.2
5 59.1* 48.2 48.2 48.2 54 53.5 40* 59.7
6 55.9 43.4* 43.4* 42* 51.9 51.7 39.5 43*
7 53.2 36.3* 40.1* 34.3* 47* 47* 36.6 35.8*
8 48.2 32.4 36.3* 31.5 43* 43* 34.5 25.1
9 43.4* 25.7 31.7 23.3 37.5 36.3 25.7 22.7
10 40.1* 14.5* 28.6 25.7 33.7 33.4 14.5* 25.7
11 36.3* 25.7 14.5* 25.7 28.2 14.5*
12 29 14.5* 14.5* 25.7
13 27 6.0 7.5 14.5*
14 25.7
15 14.5*
16 4.8

TF - threadfin bream fillets; BF -  bulls-eye fillets 

* strong bands; remaining narrow and less intensive bands

4.4.2. Surimi Samples

Plate 7 and table 9 shows the electrophoretic pattern of salt soluble 

proteins of surimi samples. Bands were obtained in the electropherogram of 

salt soluble proteins in a 7.5% gel.

4.4.3. Sausage Samples

4.4.3.I. Sausage I (TF) and II (BF)

Plate 8 and table 10 shows the electrophoretic pattern of salt soluble

proteins of sausage I (TF) and II (BF). Bands were obtained in the

electropherogram of salt soluble proteins in a 7.5% gel.



Table 8 : Molecular weights of the protein bands of fillets extracted with 

Dyer’s buffer

Band No.
MoLwt of the protein bands (kD) of fillets

Threadfin bream Bulls-eye
1 204* 206*
2 181.5* 129.8 *
3 161.1 120
4 129.0 92.4
5 120.5 76.1
6 93.6 70.9
7 75.7 62.2
8 61.1 49.9
9 52.4 42.3*
10 43* 25.5*
11 26* 19.7
12 19.8 18.9
13 19.1 16.7
14 16.6 14*
15 14.3*

♦strong bands; remaining narrow and less intensive bands

Table 9 : Molecular weights of the protein bands of surimi samples 

extracted with Dyer’s buffer

Band
No.

MoI.Wt. (kD) of the protein bands of surimi samples

CQTF (H)
BF

(III)
TF:BF
(1:1)

(IV)
TF:BF
(3:1)

(V)
TF:BF
(1:3)

(VI)
TF:BF
(4:1)

1 204* 206* 204* 204* 204* 204*
2 181.5* 129.8 41.6 132.2 175.8 130.1
3 140.8 47.4 25.3* 75.1 131.8 121.3
4 122.7 41.6* 16.5 41.6 122.9 78.7
5 76.4 25.5* 14.3 25.3* 41.6* 41.6*
6 73.5 20.3 16.4 25.3* 25.3*
7 43* 19.7 14.3 19.8 21.4
8 25.3* 16.7 14.3 14.3*
9 22.7 14
10 14.3

TF - threadfin bream fillets; BF -  bulls-eye fillets 

♦strong bands; remaining narrow and less intensive bands



Band
No.

Mol.wt. of the protein bands (kD) of sausage samples with 
different starch concentration

(I) TF (II) BF
0% 3% 5% 10% 0% 3% r 5% 10%

1 212.5 90.6 129.9 77.7 163.1 212.5 212.5 167.1
2 108.5 80.1 95.4 49.1 139.6 103.4 161.2 104.6
3 98.5 25.3* 79.3 30.2 98.5 88.8 99.7 88.8
4 77.7 20.9 66 25.3* 80.1 80.1 80.1 80.1
5 25.3* 16 34.5 21.1 70.1 68.7 66 68.7
6 21.6 8 25.3* 12.6 62.5 59.2 57.7 58.5
7 19.5 6.6* 20.4 10.9 36 25.5* 25.5* 33.8
8 17.6 1.7 17.1 8 25.5 19.7 19.7 25.5*
9 8 0.7 14.3 6.6* 19.7 13.3 9.3 19.7
10 6.6* 10.9 1.3 12.8 8.5 7.2 16.3
11 1.6 8 0:7 7.2 6.1* 6.1* 13
12 6.6* 6.1 2.3 1.6 7.2
13 1.8 2.1 0.8 0.8 6.1*
14 0.7 0.8 1.9
15 0.8

TF - threadfin bream fillets; BF -  bulls-eye fillets 

*strong bands; remaining narrow and less intensive bands

4.4.3.2. Sausage (III) TF:BF (1:1) and (IV) TF:BF (3:1)

Plate 9 and table 11 shows the electrophoretic pattern of salt soluble 

proteins of sausage (III) TF:BF (1:1) and (IV) TF:BF (3:1). Bands were 

obtained in the electropherogram of salt soluble proteins in a 7.5% gel.

4.4.3.3. Sausage (V) TF:BF (1:3) and (VI) TF:BF (4:1)

Plate 10, 11 and table 12 shows the electrophoretic pattern of salt 

soluble proteins of sausage (V) TF:BF (1:3) and (VI) TF:BF (4:1). Bands were 

obtained in the electropherogram of salt soluble proteins in a 7.5% gel.
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Plate 9.SDS-PAGE pattern of salt soluble proteins of sausage III 
(TF:BF=1:1) and IV (TF:BF=3:1) with different starch concentration. 
The numerical values are molecular weights (kD) of the protein bands. 
TF:threadfin bream fillet; BF:bulIs-eye fillet.

Plate 10 and ll.SDS-PAGE pattern of salt soluble proteins of sausage 
V (TF:BF=1:3) and VI (TF:BF=4:1) with different starch concentration 
respectively. The numerical values are molecular weights (kD) of the 
protein bands. TF:threadfin bream fillet; BF:buIls-eye fillet.
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Band
No.

Mol.Wt. of the protein bands (kD) of sausage samples with 
different starch concentration

(III) TF:BF (1:1) (TV) TF:BF (3:1)
0% 3% 5% 10% 0% 3% 5% 10%

1 201.7 198.4 265.5 116.3 222.2 215.1 208.3 252.9
2 82.6 168.8 180.1 82.6 139 198.4 139 211.7
3 72.3 81 122.1 68.7 116.3 139 120.1 139
4 47.3 46 82.6 27.4 90.6 110.8 80.1 92.5
5 29* 28.1* 70.1 25.5* 7,9.3 88.8 59.8 81
6 25.5 25.5 58.7 15.0 69.4 77.7 25.5* 68.7
7 20.2 17.2 28.1* 14.3* 61 67.3 16.8 61
8 18.4 15.0 25.5 25.5* 59.8 14.3* 47.3
9 15.0 14.3* 15.0 17.8 41.8 4 25.5*
10 14.3* 14.3* 14.3* 25.5* 24
11 17.5 14.3*
12 14.3* 4

TF - threadfin bream fillets; BF -  bulls-eye fillets 

* strong bands; remaining narrow and less intensive bands



Table 12 : Molecular weights of the protein bands of sausage samples

extracted with Dyer’s buffer

Band
Mol.Wt. of the protein bands (kD) of sausage samples with 

different starch concentration
No. [V)TF:BF (1:3) (VI) TF:BF (4:1)

0% 3% 5% 10% 0% 3% 5% 10%
1 80.3 78.3 197 189.4 189.2 189.2 189.2 107.5
2 62.5 25.5* 168.3 95.4 193.1 84.15 97.1 47.3
3 25.5* 20.5 79.6 82.3 107.5 72.2 76.1 25.5*
4 14.3* 14.3 69.3 25.5* 97 43 72.2 14.3*
5 60.3 14.3 84.1 25.5* 25.5*
6 25.5* 72.2 20.4 21.4
7 20.5 25.5* 14.3* 14.3*
8 14.3 22.7 7.6
9 14.3*
10 7.2

TF - threadfin bream fillets; BF -  bulls-eye fillets 

*strong bands; remaining narrow and less intensive bands



DISCUSSION



5.1. QUALITY EVALUATION OF SURIMI

As per Table 1, moisture contents of surimi samples were estimated 

in the range of 75-79.80%. The highest moisture content (79.80%) was found in 

Bulls-eye surimi and the lowest moisture content (75%) was found in threadfin 

bream: bulls-eye (4:1) mixed surimi. The present results showed that surimi 

used for the experiment had good moisture content. This results are in 

agreement with findings of Suzuki, (1981); Sonu, (1986); Alvarez et ah, 

(1995); Park et ah, (2005a) and Hultin et ah, (2005).

pH of surimi samples were estimated in the range of 6.06-6.90. 

The highest pH (6.90) was found in threadfin bream: bulls-eye (1:1) mixed 

surimi and the lowest (6.06) was found in bulls-eye surimi. The present results 

showed that surimi used for the experiment had required level of pH. These 

findings are in agreement with earlier studies of Suzuki, (1981); Theodore et 

ah, (2003) and Park et ah, (2005a).

Numbers of impurities in surimi samples were estimated in the 

range of 11-19. The highest no. of impurities (19) were found in threadfin 

bream: bulls-eye (1:1) mixed surimi. This may be due to the manual method of 

surimi preparation. The lowest no. of impurities (11) were found in threadfin 

bream: bulls-eye (1:3) mixed surimi. The present results showed that surimi 

used for the experiment had acceptable level of impurities. This result is in 

agreement with findings of Suzuki, (1981); Hultin et ah, (2005) and Park et ah, 

(2005a).

The results show that surimi samples used for the experiment were 

of good quality.

5.2. QUALITY EVALUATION OF SAUSAGE

Threadfin bream and bulls-eye sausage had good elasticity (Table 2) 

except 0% starch concentration of Bulls-eye sausage which had fair elasticity 

compared to others as shown by sensory score and folding test values. This 

result is in agreement with findings of Suzuki, (1981); Hultin et ah, (2005) and 

Park et ah, (2005a).



Threadfin bream: bulls-eye (1:3) mixed sausage had good elasticity 

compared to other combination of 1:1; 3:1 and 4:1, because it had higher 

proportion of meat from bulls-eye and others had acceptable/fair elasticity as 

shown by sensory score and folding test values. This result is in agreement 

with findings of Park et al., (2005a).

Threadfin bream, bulls-eye sausage and mixed sausage had good 

gel strength. This result is in agreement with findings of Hultin et al., (2005) 

and Park et al., (2005a). Gel strength of the sausage was increasing with 

respect to their starch concentration. This increasing gel strength with starch 

was also reported by Suzuki, (1981); Alvarez et a l, (1995); Park et al., (2005a).

The results show that sausage samples used for the experiment 

were of good quality.

5.3. ELECTROPHORETIC PATTERN OF WATER SOLUBLE PROTEINS

5.3.1. Electrophoretic Pattern of Water Soluble Proteins of Intact fish and 

Surimi
Table 3 and 4 show that, using SDS-PAGE, threadfin bream (TF) 

showed characteristic bands with molecular weights of 203.3, 26, 19.4, 18.5 

and 14.5 (all in kilo Daltons) while the bulls-eye (BF) showed characteristic 

bands with molecular weights of 25.7, 19.7,18.4, 17.7 and 14 (all in kilo 

Daltons). All these species-specific bands were found in the fish and their 

surimi samples. This result was similar to those reported by An et al., (1988); 

An et al., (1989); Chen and Hwang, (2002); Cowie (1968); Mackie, (1993); 

Perez-mateos et al, (2004); and Moosavi-nasab,(2005); Mackie and Ritchie, 

(1981); Pineiro et al., (1999); Rehbein, (1992); Sotelo et al., (1992); Torry 

Research Station, (1986); Yowell and Flurkey (1986). A portion of the 

sarcoplasmic proteins (up to 21%) of minced meat was washed away from the 

fish proteins during surimi manufacturing (Lee, 1986a and Park et al., 2005a). 

This may cause complications in the species identification process of surimi 

samples, especially when the specific proteins in samples were only present in 

minor quantities in the fish. Generally, the surimi samples still showed the 

basic patterns as those of the fish fillet from which they were made. So these 

bands can be used for the identification of threadfin bream and bulls-eye surimi



when adulteration/substitution takes place. Similar observations were made by 

An et al., (1988); An et a l , (1989); Cowie (1968); Perez-mateos et a l , (2004); 

and Moosavi-nasab, (2005); Rehbein, (1992); Torry Research Station, (1986).

New bands with molecular weights of 93.6 and 22.3 (all in kilo 

Daltons); 63.8 (all in kilo Daltons) were found in threadfin bream surimi (TS) 

and bulls-eye surimi (BS) respectively and also in all the combinations of TS + 

BS mixture and they can be used with reservation to differentiate surimi 

mixtures. Some of the relative percent of the minor proteins had been increased 

after washing due to the loss of major proteins and the presence of residual 

proteolytic enzyme activity may together contribute to the appearance of the 

new bands. Similar findings were reported by An et al., (1988); An et al., 

(1989); Torry Research Station, (1986); Rehbein, (1992); Perez-mateos et al.,

(2004); and Moosavi-nasab, (2005); Yowell and Flurkey (1986).

Bands with molecular weights of 93.6, 63.8, 22.3, 19.7, 17.7 and

14.5 (all in kilo Daltons) were found to be common to all the combinations of 

TS + BS mixture. Among these 93.6, 22.3 and 14.5 (all in kilo Daltons); 63.8,

19.7 and 17.7 (all in kilo Daltons) were found in threadfin bream and bulls-eye 

surimi respectively. This shows that these species-specific bands remained 

unaltered in different combination of TS + BS mixture (1:1; 3:1; 1:3; 4:1). 

Similar observations were reported by An et al., (1988); An et al., (1989); 

Cowie (1968); Devadasan, 2002; Hall, 1997; Torry Research Station, (1986); 

Rehbein, (1990 and 1992); Perez-mateos et al., (2004); and Moosavi-nasab,

(2005); Pineiro et a l{1999); Mackie, (1993). So these bands can be used with 

reservation to identify the TS and BS mixture when they are mixed with 

different combinations of 1:1; 3:1; 1:3; 4:1 ratios. Similar finding with various 

combinations of fish, minced meat and surimi mixtures were reported by An et 

al., (1988); An et a l , (1989); Cowie (1968); Moosavi-nasab, (2005) and 

Rehbein, (1992).

Some of the characteristic protein bands, such as the 26, 19.4, 18.5 

kD of TS and the 18.4 kD of BS were missing in the different combinations of 

TS + BS mixture. The major portions of sarcoplasmic proteins were removed 

during the water leaching (Lee, 1984, 1986a and Park et al., 2005a) which may 

leads to disappearance of these bands in their mixtures. This is in agreement 

with previous studies of An et ah, (1988); An et al., (1989); Dowdie and Biede,



(1983); Davis and Anderson, (1984); Moosavi-nasab, (2005); Park et al., 

(1997); Yowell and Flurkey (1986).

As per Table 4, several new minor bands but not species-specific 

bands were developed in the surimi and surimi mixtures. This may be due to 

the membrane proteins solubilized by SDS. These responsible for the higher 

recovery and the presence of new bands with high and low molecular weight. 

Similar finding reported by Copper. (1997); An et al., (1988) and An et al., 

(1989).

5.3.2. Electrophoretic Pattern of Water Soluble Proteins of Sausage 

Samples

According to Table 5, using SDS-PAGE, threadfin bream (TF) 

sausage showed characteristic strong bands with molecular weights of 26 and

14.5 (all in kilo Daltons) while table 6 shows that, the bulls-eye (BF) sausage 

characteristic strong bands with molecular weights of 25.7 and 14 (all in kilo 

Daltons). All these species-specific bands were common to the 0%, 3%, 5% 

and 10% starch concentration of sausage and also found in the fish and their 

surimi samples. So these bands can be used for the identification of threadfin 

bream and bulls-eye sausage when adulteration/substitution takes place. 

Similar finding were reported by An et a l (1988); An et al., (1989); Blum et 

al., (1989); Craig et al., (1995); Hall, (1997); Perez-mateos et al., (2004); 

Rehbein, (1990); Pineiro et al.{1999); Sotelo et al, (1992) and Yowell and 

Flurkey (1986).

Some of the characteristic bands, such as the 203.3, 19.4 and 18.5 

(all in kilo Daltons) of threadfin bream surimi and the 19.7,18.4 and 17.7 (all in 

kilo Daltons) of bulls-eye surimi, were missing in the corresponding sausage 

samples. This may be due to, at high temperature (88-90°C) of cooking caused 

both protein denaturation and dissociation of subunits. These results are in 

agreement with other reports of An et al., (1988) and An et al., (1989). Erikson 

et al, (1983) reported that decrease in sarcoplasmic proteins could be attributed 

to the release of renatured internal pro teases and also by Venugopal et al,

(1983). Yowell and Flurkey (1986) reported that, a decrease of 76% of water 

soluble proteins extracted from heated samples when compared to soluble 

proteins extracted from fresh fish samples which leads to loss of specific



proteins bands. These results are in agreement with other reports of Davis and 

Anderson, (1984); Mackie, (1968); Nishioka and Shimizu (1979) and Roberts 

and Lawrie (1974). Disappearance of band was observed by Dowdie and 

Biede, (1983) in heated blue crab meat; reduction of protein bands was also 

observed by Lee et a l, (1974) as the processing temperature of bovine muscle 

was increased from 65°C to 90°C; Band loss also reported by Caldironi and 

Bazan, (1980); Dowdie and Biede, (1983) and Koohmaraie etal., (1984).

During cooking the addition of the starch affected/disappeared the 

above characteristic minor bands. Starch decreased/disappeared the protein 

solubility in the mixture of SDS in the bulls-eye, croaker and threadfin bream 

sausage samples were reported previously by Benjakul et al., (2002) and also 

Elton and Ewart, (2006) and Ramezani et al., (2006)

According to Tables 5,6 and 7, bands with molecular weights of

25.7 and 14.5 (all in kilo Daltons) were found common to all different starch 

concentration of sausage (0%, 3%, 5% and 10%) of the different combinations 

(1:1; 3:1; 1:3; 4:1) of TF + BF sausage mixture. These species-specific bands 

of 25.7 and 14.5 (all in kilo Daltons) were also found in the bulls-eye surimi 

(BS) and threadfin bream surimi (TS) respectively. This shows that these 

species-specific bands remained unaltered in the sausage preparation process, 

especially cooking. Similar findings were reported by An et al., (1988); An et 

al., (1989); Blum et al., (1989); Craig et al., (1995); Davis and Anderson,

(1984); Dowdie and Biede, (1983); Devadasan, 2002; Hall, (1997) and Mackie, 

(1968); Perez-mateos et al., (2004); Pineiro et al.(1999) and Yowell and 

Flurkey (1986). Based on the previous studies on the cooked samples of An et 

al, (1988); An et a l, (1989); Blum et a l, (1989); Craig et a l, (1995); Hall, 

(1997); Perez-mateos et a l, (2004); Yowell and Flurkey (1986) these two bands 

can be used to identify the TF + BF sausage mixture at different combinations 

of 1:1; 3:1; 1:3; 4:1 ratios.

Table 5, 6 and 7 show that, several new minor bands but not 

species-specific bands were developed in the sausage due to the enhancement 

of protein extraction from the cooked sample by SDS. These results are in 

agreement with other reports of Tanford, (1968); Copper, (1977); Thakker and 

Grady, (1984); An et a l, (1988); An et a l, (1989) and Yowell and Flurkey 
(1986).



5.4. ELECTROPHORETIC PATTERN OF SALT SOLUBLE PROTEINS

5.4.1. Electrophoretic Pattern of Salt Soluble Proteins of Intact fish and 

Surimi

Salt soluble proteins of intact fish and surimi were extracted by 

using Dyer’s buffer. According to Tables 8 and 9, using SDS-PAGE, threadfin 

bream (TF) showed characteristic myofibrillar protein bands with molecular 

weights of 204,181.5, 43 and 14.3 (all in kilo Daltons) while the bulls-eye (BF) 

showed characteristic bands with molecular weights of 206, 129.8, 25.5, 19.7,

16.7 and 14 (all in kilo Daltons). All these species-specific bands were found 

in the fish and their surimi samples. These species-specific bands of fish and 

surimi were observed in Alaska pollock and red hake by An et al., (1989); in 

pink and rock shrimp by An et al., (1988) and also in various species by Chen 

and Hwang, (2002); Cowie (1968); Mackie, (1993); Perez-mateos et al.,

(2004); and Moosavi-nasab,(2005); Mackie and Ritchie, (1981); Pineiro et 

al.{1999); Rehbein, (1992); Sotelo et al, (1992); Torry Research Station, 

(1986); Yowell and Flurkey (1986). These species-specific bands of fish and 

surimi can be used for detection of adulterated/substituted species in their 

respective samples. Similar observations were reported by An et al., (1988); 

An et a l, (1989); Cowie (1968); Perez-mateos et al., (2004); and Moosavi- 

nasab, (2005); Rehbein, (1992); Torry Research Station, (1986).

Some of the species-specific myofibrillar protein bands, such as 

the 26 kD of TF and 42.3 kD of BF were missing in the respective surimi. This 

may be due to the loss of myofibrillar proteins during the successive water 

leaching process of surimi preparation. This result was in agreement with other 

reports of Lin and Park, (2005); Park et al., (2005a) and Moosavi-nasab,

(2005).

From table 9, the new bands of 25.3 kD in TS and 41.6 kD in BS 

were found. These new bands were also found in the all different combinations 

(1:1; 3:1; 1:3; 4:1) of TS + BS mixture. This may be due to the significant 

myosin degradation of surimi with NaCl, which leads to increase in protein 

bands. The similar results were reported by Chen, (1979) and Perez-mateos et 

al, (2004) in Atlantic croaker surimi and Choi and Park, (2002); Olsen et a l ,



(2002) in various species. These bands can be used with reservation to 

differentiate surimi mixtures. This is in agreement with previous studies of An 

et a l , (1988); An et al., (1989); Cowie (1968); Devadasan, 2002; Hall, 1997; 

Torry Research Station, (1986); Rehbein, (1990) and 1992); Perez-mateos et 

aL, (2004); and Moosavi-nasab, (2005); Pineiro et al.{1999); Mackie, (1993). 

Due to the membrane proteins solubilized by SDS several new minor bands 

were developed in the surimi and surimi mixtures which are all not found in 

their fish fillets. These findings are in agreement with previous studies of 

Copper, (1997); An et al., (1988) and An et al., (1989).

Different combination of TS + BS mixture (1:1; 3:1; 1:3; 4:1) had 

common bands of 204, 41.6, 25.3 and 14.3 (all in kilo Daltons). Among these 

bands 204, 25.3, and 14.3; 41.6 kD were also found in threadfin bream and 

bulls-eye surimi respectively and it shows that these species-specific bands 

remained unaltered in different combinations of TS + BS mixture (1:1; 3:1; 1:3; 

4:1). Similar observations were reported by An et al., (1988); An et al., (1989); 

Cowie (1968); Devadasan, 2002; Hall, 1997; Torry Research Station, (1986); 

Rehbein, (1990) and 1992); Perez-mateos et al., (2004); and Moosavi-nasab,

(2005); Pineiro et al.(\999); Mackie, (1993). So these species-specific bands 

can be used to identify/detect the substitute in the TS and BS mixture when 

they are mixed with different combinations of 1:1; 3:1; 1:3; 4:1 ratios. Similar 

findings with various combinations of fish and shellfish substitutes in the 

minced meat and surimi mixtures of myofibrillar proteins was successfully 

reported by Rehbein, (1992); Sotelo et al., (1992) and Torry Research Station, 

(1986) and also in various species by An et al., (1988); An et al., (1989); Cowie 

(1968); Moosavi-nasab, (2005).

5.4.2. Electrophoretic Pattern of Salt Soluble Proteins of Sausage Samples

As per table 10, Bands with molecular weights of 25.3 kD; 25.5 

and 19.7 kD were found that characteristic bands of threadfin bream (TF) 

sausage and bulls-eye (BF) sausage respectively. These species-specific bands 

were found in their surimi samples and also these bands common to the 0%, 

3%, 5% and 10% starch concentration of sausage. So these bands can be used 

for the identification of threadfin bream and bulls-eye sausage. Similar 

findings were reported in Alaska pollock and red hake by An et al, (1989); in



pink and rock shrimp by An et a l, (1988) and also in various species were 

reported by Blum et al., (1989); Craig et al., (1995); Hall, (1997); Perez-mateos 

et al, (2004); Rehbein, (1990); Pineiro et al., (1999); Sotelo et al, (1992) and 

Yowell and Flurkey (1986).

Bands with molecular weights of 8 and 6.6 kD in threadfin bream 

(TF) sausage and 80.1 and 0.8 kD of bulls-eye (BF) sausage were found to be 

newly developed. Development of new bands may be enhancement of protein 

extraction from the cooked sample by SDS. Similar findings in cooked codfish 

fillets and their mixtures were reported by Yowell and Flurkey (1986); in 

cooked surimi gel reported by An et a l, (1988); An et a l, (1989) and Perez- 

mateos et a l, (2004); Tanford, (1968); Copper, (1977); Thakker and Grady,

(1984).

Some of the characteristic bands, such as the 204,181.5, 43 and 

14.3 (all in kilo Daltons) of threadfin bream surimi and the 206, 129.8, 16.7 and 

14 (all in kilo Daltons) of bulls-eye surimi, were missing in the corresponding 

sausage samples. This may be due to, at high temperature (<70°C) myosin 

molecules dissociated from actin, which leads to formation -S-S- linkage and 

hydrophobic interactions, finally protein aggregation takes place which reduces 

the solubility of myofibrillar protein which in turn leads to loss of protein 

bands. This result was in agreement with reports of Hamm and Hofmann, 

(1965); Itoh et al, (1980, 1980a); Devadasan (1985); Mackie (1968); Park et 

al, (2005a); Loss of myofibrillar protein bands also attributed to the 

extracellular protease activity. This result was in agreement with previous 

studies of Yowell and Flurkey (1986); Venugopal et al, (1983). Addition of 

starch also causes disappearance of protein bands in the mixture of SDS. 

Similar findings in bulls-eye, croaker and threadfin bream sausage samples 

were reported by Benjakul et al, (2002) and also Elton and Ewart, (2006) and 

Ramezani et a l, (2006).

Different combinations (1:1; 3:1; 1:3; 4:1) of TF + BF sausage 

mixture had common bands with molecular weights of 25.5 and 14.3 (all in kilo 

Daltons) were found (Table 11 and 12) common to all different starch 

concentration of sausage (0%, 3%, 5% and 10%). These species-specific bands 

of 25.5 and 14.3 (all in kilo Daltons) were also found in the bulls-eye surimi 

(BS) and threadfin bream surimi (TS) respectively. These unaltered species-



specific bands can be used to identify the TF + BF sausage mixture at different 

combinations of 1:1; 3:1; 1:3; 4:1 when adulteration/ substitution suspected. 

This result is in agreement with previous studies of Torry Research Station, 

(1986); Rehbein, (1990) in the cod, blue whiting, sardine and Allaska Pollock; 

An et a l , (1988) in Alaska pollock and red hake; An et a l , (1988) in pink and 

rock shrimp and also in various species by Blum et a l, (1989); Craig et al, 

(1995); Pineiro et al, (1999) and Sotelo et al, (1992).

According to tables 11 and 12, new band with molecular weights of 

15 kD of TF + BF sausage mixture (1:1) were found common to all different 

starch concentration of sausage (0%, 3%, 5% and 10%). Also several new 

minor bands but not common to all different starch concentrations of sausage 

were found in the different combinations of TF + BF sausage mixture. This 

may be due to the enhancement of protein extraction from the cooked sample 

by SDS. These results are in agreement with other reports of An et al, (1988); 

An et a l, (1989); Pineiro et a l  (1999) and Yowell and Flurkey (1986). Perez- 

mateos et a l, (2004) were observed that development of the new bands at the 

temperature of 40°C and 90°C in Atlantic croaker surimi gels (sausage).

This study showed that threadfin bream and bulls-eye could be 

effectively identified by using their SDS-PAGE pattern of water soluble 

proteins and salt soluble proteins separately. Threadfin bream and bulls-eye 

surimi and their sausage samples were also effectively identified by using their 

species-specific SDS-PAGE pattern of water soluble proteins and salt soluble 

proteins separately. The SDS-PAGE pattern of water soluble proteins and salt 

soluble proteins were shown in this study to be effective in distinguishing the 

species specificity between threadfin bream and bulls-eye of raw fish fillets, 

surimi and sausage samples. The different mixture combinations (1:1; 3:1; 1:3 

and 4:1) of threadfin bream and bulls-eye surimi and their sausage gave 

effective species-specific SDS-PAGE pattern in their extract of water soluble 

proteins and salt soluble proteins with loss of few bands in the sausage but with 

the presence of major species-specific bands. So, these different mixture 

species-specific SDS-PAGE protein patterns can be used with reservation to 

detect/differentiate the adulteration/substitution in the fish mixtures, surimi and 

sausage when these two species mixed with the combination of 1:1; 3:1; 1:3 

and 4:1 ratios.



The results showed that surimi, sausage and surimi mixtures; 

sausage mixtures of threadfin bream and bulls-eye used for the experiment were 

of good quality.



SUMMARY



1. The main objectives of the present investigations were identification of 

species of raw fillets and the species used in surimi and sausage; 

identification of adultered/substituted species in the mixtures of surimi and 

sausage prepared from it by SDS-PAGE species-specific pattern; and 

quality evaluation of prepared surimi and sausage.

2. Two species- threadfin bream (Nemipterus japonicus), and bulls-eye 

(Priacanthus hamrur) were used for the present study.

3. Surimi and their mixtures (1:1; 3:1; 1:3; and 4:1); sausage and their 

mixtures (1:1; 3:1; 1:3; and 4:1) were prepared from threadfin bream and 

bulls-eye.

4. SDS-PAGE pattern of water soluble proteins and salt soluble proteins of 

raw fillets of threadfin bream and bulls-eye were studied and this study 

gave characteristics bands of five and four for threadfin bream and five 

and six for bulls-eye respectively.

5. SDS-PAGE pattern of water soluble proteins of surimi and sausage of 

threadfin bream gave characteristics bands of eight and two respectively, 

and salt soluble proteins gave five and three respectively; water soluble 

proteins of surimi and sausage of bulls-eye gave characteristics bands of 

six and two respectively, and salt soluble proteins gave seven and four 

respectively.

6. SDS-PAGE pattern of water soluble proteins of mixture of different 

combinations (1:1; 3:1; 1:3; and 4:1) of surimi and sausage of threadfin 

bream and bulls-eye gave characteristics bands of six and two respectively, 

and salt soluble proteins gave characteristics bands of four and two 

respectively.



7. Quality evaluation of prepared surimi, sausage and different combinations 

of surimi mixtures; sausage mixtures were carried out.

8. SDS-PAGE gave the species-specific pattern of threadfin bream and bulls- 

eye in their extract of water and salt soluble proteins separately.

9. Threadfin bream and bulls-eye surimi and sausage were identified by 

comparing their SDS-PAGE pattern with species-specific SDS-PAGE 

pattern in their extract of water soluble proteins and salt soluble proteins.

10. Species-specific SDS-PAGE pattern of extract of water and salt soluble 

proteins of raw fillets were also found in their surimi and sausage.

11. Species-specific SDS-PAGE pattern of surimi and sausage were also 

found in their different combinations (1:1; 3:1; 1:3; and 4:1) of mixtures of 

extract of water and salt soluble proteins.

12. Adultered/substituted species in the different mixture combinations (1:1; 

3:1; 1:3 and 4:1) of threadfin bream and bulls-eye surimi and sausage were 

identified by comparing their mixture SDS-PAGE pattern with species- 

specific SDS-PAGE pattern in their extract of water soluble proteins and 

salt soluble proteins.

13. Surimi, sausage and different combinations of surimi mixtures; sausage 

mixtures were in good quality which was showed by quality evaluation 

study (sensory score, folding grade values and gel strength).
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SDS-PAGE pattern of water soluble proteins and salt soluble 

proteins of raw fillets, surimi, sausage and different combinations (1:1; 3:1; 1:3; 

and 4:1) of surimi mixtures; sausage mixtures from the two species of fish, 

threadfin bream (Nemipterus japonicus), and bulls-eye (Priacanthus hamntr) 

were studied to see that whether these pattern are useful in identifying the 

species used for the preparation of surimi and sausage; and their quality 

evaluation.

SDS-PAGE gave the effective species-specific pattern of raw 

fillets, surimi, sausage and surimi mixtures; sausage mixtures of extract of 

water and salt soluble proteins of threadfin bream and bulls-eye separately.

Threadfin bream and bulls-eye were effectively identified by using 

their SDS-PAGE pattern of extract of water soluble proteins and salt soluble 

proteins separately.

Threadfin bream and bulls-eye surimi and sausage were also 

effectively identified by comparing their SDS-PAGE pattern with species- 

specific SDS-PAGE pattern in their extract of water soluble proteins and salt 

soluble proteins separately.

The SDS-PAGE pattern of water soluble proteins and salt soluble 

proteins were shown in this study to be effective in distinguishing the species 

specificity between threadfin bream and bulls-eye of raw fish fillets, surimi and 

sausage samples.

Adultered/substituted species in the different mixture were 

identified by comparing their mixture SDS-PAGE pattern with species-specific 

SDS-PAGE pattern in their extract of water soluble proteins and salt soluble 

proteins separately.

Different mixtures species-specific SDS-PAGE protein patterns can 

be used with reservation to detect/differentiate the adulteration/substitution in 

the fish mixtures, surimi and sausage when these two species mixed with the 

combinations of 1:1; 3:1; 1:3 and 4:1 ratios.



The quality evaluation study showed that surimi, sausage and surimi 

mixtures; sausage mixtures of threadfin bream and bulls-eye used for the 

experiment were of good quality.



APPENDIX



Scale for grade and number impurities of frozen surimi

Grade Impurities Grade Impurities

10 0 5 12-15

9 1-2 4 16-19

8 3-4 3 20-25

7 5-7 2 26-30

6 8-11 1 >30



APPENDIX II 

Grade sheet for folding test of sausage

Grade Condition

AA No crack showing after folding twice

A No crack showing after folding in half

B Cracks gradually when folded in half

C Cracks immediately when folded

D Breaks by finger pressure



APPENDIX HI 

Score sheet for sensory (biting) test of sausage

Points Structural
strength Points Structural

strength

10 Extremely
strong 5 Slightly weak

9 Very strong 4 Weak

8 Strong 3 Very weak

7 Slightly strong 2 Extremely
weak

6 Fair 1 Fragile




