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INTRODUCTION 



The world's consumption of fish could be more than doubled if its great-unused resources 

were fully exploited. These resources remain unused not through a lack of catching technology, but 

through an inability to transform the raw materials into stable, acceptable products and to distribute 

these products at an affordable price. Development in minced fish technology could make a major 

contribution to increase exploitation. Mince has potential application as an ingredient in different foods 

(Martin, 1976). Surimi is an intermediate food material that has been used in Japan for centuries to 

make several foods (Lee, 1984). In Japan surimi means "minced meat". Mincing fish flesh, thoroughly 

washing the fish flesh and then refining and dewatering it make surimi. Traditionally surimi was mixed 

with ingredients such as salt and spices, kneaded, and then steamed, fried or boiled to make 

Kamaboko, Tempura and Chikuwa, respectively (Sonu, 1986). 

The traditional surimi production was run on day-to-day basis, depending on the supply of 

fresh fish. Consequently surimi industry could not expand to any great extent and remained in a limited 

capacity. However in 1959, surimi industry took a new tum when a group of scientist headed by Nishiya 

and Takeda at Hokkaido fisheries laboratories discovered a technique to stabilize frozen surimi. This 

discovery was made from an incidental finding of a cryoprotectant which keep the surimi from freeze 

denaturation during frozen storage. This technique enabled the Japanese manufacturer to develop the 

stockpile surimi. 

Surimi seafood is highly nutritious and contains less than 1 % fat. It has 85 to 90 calories per 3 

ounce of serving. It also contains very low amount of cholesterol. The indispensability of surimi as an 

intermediate for kneaded product is proved by the fact that it assures a stabilized supply of raw material 

and enables planned production. Surimi represents only about 20% of raw material, thereby reducing 

the storage and transportation costs. The long shelf life and its versatility as a functional material 

possess unlimited potential for the product developer. Hence surimi finds no substitute. 

The use of frozen surimi in recent years has increased significantly world wide, although the 

Japanese market still plays a leading role. The product is most successful today accounting for almost 

one third of the entire fish consumption in Japan. Demand of surimi-based product is ever increasing 

but the availability of surimi is not sufficient to fulfill the demand of consumers. For this purpose Japan 

and other surimi product consuming countries started importing surimi from other countries like Taiwan, 
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Korea, Malaysia, US etc. This gave rise to the development of surimi markets. In India surimi concept 

was introduced in 1992. From that point, till now many surimi processing plants are working in India. 

The bulk of world surimi is produced from Alaska pollock, which are abundantly available 

almost year round at a comparatively lower price. Apart from this Pacific whiting, Blue whiting, Atka 

mackerel, Croaker, Flying fish, Jack mackerel, Shark, Dog fish, New Zealand hoki, Threadfin bream 

and others available at lower prices are used for surimi. Frozen Alaska pollock surimi is most widely 

used by surimi product manufacturer due to its very high gel forming ability and white colour. Currently 

Indian surimi plants mainly use the Pink perch (Nemipterus japonicus) as raw material. Species such as 

sardine and mackerel also have ample amount of source along the Indian coast. But the main problem 

with these species in producing surimi is high amount of fat and dark muscle content. However, the 

other species that are used for surimi production in India are Croaker (Johnius sp) and Bull's eye 

(Priacanthus sp). 

In India seafood are preferred in fresh condition. Surimi based products are not introduced in 

India. Many attempts have been made to yet popular this type product. Probably the bland taste of 

surimi-based products is the main reason. Recently a world wide changing trend is observed in the fish 

utilization pattern and consumers are beginning to accept prepared seafood. Such trend has also been 

observed ill India. For this reason products such as Surimi cutlet, Fish ball, Prawn wafer, Fish 

bakarwadi, Kamaboko are made using Indian spices. Thus surimi based product manufacturing in India 

and export by considering the current demand of product is providing good opportunity. 

In the recent years the catch of marine fish especially Alaska pollock has decreased 

tremendously (1998 - 4,049,223 mt and 1999 - 3,362,473 mt) (Anon, 2001). However, till to date, 

marine species are the exclusive source or commercial surimi. On the other hand, the demand of surimi 

and surimi based Kamaboko and analogue products continues to increase as the increase in world 

population as well as increasing concern of the people on the relationship between nutrition and health 

(FAO, 1992; Tucker, 1992). Freshwater fish contributes considerably in the world food production. They 

contain, compared to meat, less lipid but more unsaturated fat and w-3 fatty acids, more moisture and 

highly digestible protein and are devoid of fishy flavour and odour due to little amount of volatile bases 

(Kannas and Lauber, 1987; Aggelousis and Lozos, 1991). For these reasons utilization of these fish 

species would be desirable. 
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Common carp (Cyprinus carpio) is a fast growing aquaculture species and has been cultivating 

for centuries in the continents of Asia. Europe and Africa. It has tasty light coloured meat with highly 

variable fat content. Aquaculture production of common carp was mushroomed in recent years. In 1998 

the world aquaculture production of common carp was more than 2.4 million tons and in terms of 

money value was about US $2.88 million (FAD. 2000). The yield of common carp is also considerable 

in India. In the present study an attempt has been made to prepare surimi from common carp keeping 

in view the following objectives. 

» Standardizing the processing steps for producing an acceptable surimi from fresh 

Common carp. 

» To compare the changes in quality of whole fish. dewatered mince and surimi during 

storage. 

» To identify the critical control point in surimi production. 

» To study the acceptability of surimi by using organoleptic tests. 



REVIEW OF LITERATURE 



~~~~~~~~~~~~2. REVIEW OF LITERATURE 

Recently surimi and surimi-based products have caught worldwide attention. Lots of literature is 

available on surimi preparation, its utilization and production of surimi-based products. Important 

aspects of surimi related to present investigation are reviewed, hereunder. 

2.1. Fishes used for production of minced meat and surimi 

In principle, bone separation process can be applied to any species of fish, crustacean or 

mollusc. In practice, this process can be best justified for those species where significant added value 

will accrue. The fish should have good gel forming ability, which makes for an elastic texture, good taste 

and whiter appearance. For an industrial scale operation it is necessary that the supply of raw material 

should be abundant and low priced (Dora, 1992). According to Suzuki (1981), any species of fish may 

serve as material for fish paste product but the resilient texture called "ashi • varies depending on the 

fish species. 

Fish species such as Alaska pollock, Croaker, Lizardfish are ideal for surimi preparation due to 

their good gel forming ability and 60% of world's surimi is made by utilizing these white fishes 

(Ishikawa, 1996). The bland taste of white fishes allows incorporation of crab, shrimp and lobster 

flavour (Flick et al., 1990). 

The uses of pelagic species as a replacement ingredient have been tried (Hasting et al., 1992). 

Borderias and Tejada (1981) have discussed the utilization of small pelagic fishes in the preparation of 

fish paste products like' Kamaboko' and' Fish fingers '. Major pelagic fatty species studied for surimi 

production include Mackerel (Kotah et al., 1989; Shimizu and Koguri, 1986; Langmyhr et al., 1988; 

Spencer et al., 1988), Sardine (Nonak et al., 1991; Suzuki and Watable, 1986; Tsukamasa and Simizu, 

1990; Tokunaga and Nishioka, 1988; Suzuki, 1981; Russel and Cheftel1988, 1990; Saeki etal., 1991; 

Sarkar, 1997), Capelen (Langmyhr et. al., 1988; Spencer et at, 1988) etc. Besides, a wide variety of fish 

species such as Pacific pomfret (Numakura et al., 1983), Pacific whiting (Groninger et al., 1985), Red 

hake (Lee, 1986), Silver hake (Lanier, 1984), Shark (Chen, 1995), Menhaden (Bimbo et al., 1988; 

Leinot et al., 1992) and the marine mammals such as Seal (Shahidi and Synowieek, 1990) have also 

been tried for the production of surimi. 
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2.1.1. Utilization of underutilized fish 

The world's consumption of fish could be greatly increased if presently underutilized or unused 

resources were brought into the human food chain. This is a great incentive to apply mince technology 

to majority of these species because of intractable problems in processing and marketing them by other 

means (Flick et al., 1990). Different types of fish product have been prepared using minced meat as the 

basic material from several species which have little or no commercial value including Grandier 

(Coryphaenoides), Smooth head (Alepocephalus) and Rabbit fish (Chimaera spp) (Burges, 1975; 

Bailey, 1976). 

Mince has been successfully produced from Caribbean sheepshead (Archosargus), Black 

drum (Pogonias) , Tilapia (Tilapia) (Finne et aI., 1980; Nickelson et al., 1980). The by-catch species 

such as Croaker (Micropogon) , Sand trout (Cynoscion} and Mullet (MugiQ are also used in the 

production of minced meat (Rasekh and Melza, 1977; Finne et al., 1980). 

Other important fishes used to prepare minced products are Grunt (Pomadasys argyreus). 

Pony fish (Leiognathus splendensj, Catfish (Arius_spp), Threadfin bream (Nemipterus japonicus) and 

Cutlass fish (Trichiurus lepturus) (Bremner and Snell, 1978). Ribbonfish was used by Badonia and 

Devadasan (1980), Dhoma (Sciaenid sp) and Lactarius (Lactarius lactarius) by Agarwal et al. (1986). 

2.1.2. Utilization of freshwater fish 

Commercially significant freshwater species are generally more consistent in their properties 

than the marine resources. Technology for producing mince from these species is widely acceptable. 

The delicate bonestructure of most fresh water fish make filleting difficult, and mincing can markedly 

improve recovery (King et a/., 1971). Carp (Cyprinus carpio) minces have been produced in U.S.A from 

both cultured and natural resources (Dassow, 1980; Dassow and Steinberg, 1973; Dawson and Price, 

1979; Mai and Kinsella, 1979). Less work has been done on mince and surimi from tropical and 

subtropical species, although acceptable products have been made from the ubiquitos Tilapia (Dassow 

and Steinberg, 1973; Zain, 1980), Silver carp (Siddaiah et al' J 1999). Some investigations have also 

been attempted on the quality of minces of freshwater fishes for the manufacture of surimi (lsmond and 

Tonogai, 1994; Lin and Morrissey, 1995; Kim et al., 1996; Onibala et al., 1997). 
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2.2. Mechanical separation of fish meat 

Japanese fish processors have extensively used the mechanical fish flesh separators for many 

years in the production of minced meat. Japanese fish processors are credited for the advent of 

mechanically separated fish mince (Miyauchi et a/., 1973). With the development of mechanical 

deboner, the seafood industry could obtain edible fish from raw material used previously for inedible 

purpose. Miyauchi and Steinberg (1970), Carvar and King (1971) and Noble (1972) reported that by the 

means of meat separating machines significant quantities of edible flesh can be recovered from fish 

filleting wastes and underutilized species. The development of mechanical deboner is a milestone in the 

commercial production of fish mince and surimi (Suzuki, 1981). 

Though various types of deboners have been developed (Grantham, 1981; Keay 1979; King et 

al., 1971), the basic operation principle involves mechanically squeezing and pounding the primary 

material through a honeycomb of narrow orifices (i.e. perforated drum or plate) remains same. This 

action results in the extraction of softer textured flesh, leaving behind most of the tougher skin and 

bones. The belt and perforated drum system are commonly used because they can be easily 

dismantled and cleaned. 

High quality surimi is ensured by an efficient removal system of flesh from the bone and skin 

(Pigott and Tucker, 1990). The efficiency of deboning is defined with respect to higher flesh yield and 

lower bone content (Lanier and Lee 1992). However, the yield of meat and the amount of bone content 

is largely dependent on the size of perforation. The drum with smaller perforation (1-7 mm) reduces the 

bonelfin content (Flick et aI., 1990). A drum perforation of 5 mm is suitable for bony fish with reasonable 

texture and good yield of mince (Wood and King, 1985; Wong et al., 1978). The yield of minced meat 

also depends on the different speed of drum and belt at which they move. As a result the shear rate is 

increased and consequently the yield of meat also increased (Carvar and King, 1971). There is no 

information available on the effect of particle size on texture of minced fish flesh. In picked meat the 

presence of viable bones and calcium content should be less than 0.5% (USDA, 1975; Yamanoto and 

Wong, 1974). 

2.3. Chemical composition of minced meat 

The moisture, protein, fat and ash are four basic constituents of minced fish meat. Apart from 

these, it also comprises of cholesterol, calcium and other fat degraded products (Krzynowek et a/., 

1984). Nearly 80% of the composition is of moisture. While, protein and fat account for the rest portion. 
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However, the proximate composition of minced meat may vary depending on the species and season of 

catch. The salt soluble protein i.e. myofibrillar protein in minced meat constitute on an average 90% of 

the total nitrogen (Webb et al., 1976). Non-protein nitrogen (NPN) also constitutes the major nitrogen 

fraction and the proportion of NPN to total nitrogen is highly species dependent. Phospholipid and free 

fatty acids (FFA) are the major constituents of the lipid fraction. The fatty acid profile of minced carp 

muscle indicated high quantity of W3 (C18: 3) fatty acids (Mai and Kinsella, 1979). 

2.4. Leaching I Washing 

Washing of mincemeat is one of the most important steps in manufacture of surimi. Many 

mince processes employ post separation washing to remove inorganic salts, water soluble proteins, 

pigments, visceral contamination, fat, bacteria and decomposition product (Flick et al., 1990). Such 

washing not only improves the colour and odour but also improves the texture of the final product 

(Miyauchi et al., 1973). 

The technique of washing and mechanical dehydration of minced fish meat is carried out to 

produce a white, odourless and bland flavoured product. According to Pacheco-Aguilar et al. (1989) the 

washing removes substances that promote protein denaturation during frozen storage and enhances 

functional properties of protein. Washing results in increased concentration of myofibrillar protein 

namlely, actomyosin and reducing water-soluble protein (Lee and Chung, 1989; Lanier and Regenstein, 

1986). Improvement in gel strength is due to increased concentration of myofibrillar protein (Babbitt, 

1986). Washing of the meat aided in the removal of the pigments substantially and reduction of 

extractable nitrogen (Tableros and Young, 1981). Washing has significant effect in reducing the 

oxidative changes and enhancing the frozen shelf life of minced meat of dark fleshed species 

(Grantham, 1981; Rodger et al., 1980; Lee, 1986). 

The degree of washing required to produce good quality surimi depends upon the type 

composition and freshness of the fish (Flick et al., 1990). The number of washing cycles and 

water/meat ratio employed for washing vary among the surimi manufacturers. Ishikawa (1978) and 

Ishikawa et al. (1979) reported that fatty fish require a minimum of four washing with five parts of cold 

water to one part of mince. It is possible to reduce the number of washing by increasing the quantity of 

water in the initial step. The increase in gel strength is achieved within two washing (Montiel et al., 

1987). 
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Apart from many advantages washing has many disadvantages like loss of soluble 

micronutrients including vitamins, minerals and free fatty acids (Sidwell, 1980) and protein, which can 

be substantial, up to 50% of total protein (Adu, et al., 1983; Pacheco-Aguilar et al., 1989; Yang and 

Froning, 1992). Lin and Park (1996) pointed out the problem of disposal of wastewater generated in the 

surimi processing plant. Almost 30 Litre of wastewater per kg of surimi produced were generated 

onshore processing plats (Lin et al., 1995). In early studies it was shown that the gel strength of surimi 

continued to increase as the number of washing cycle increased (Nishioka, 1984). However, Lin and 

Park (1996) indicated that the major portion of the sarcoplasmic protein is soluble and removed during 

the initial washing step. Subsequent washing removes the residual sarcoplasmic protein and small 

amount of myofibrillar protein. After sarcoplasmic proteins are completely removed, further washing 

causes severe loss of myofibrillar protein. Improper water-mince ratio and long time washing results in 

absorption of water by the meat, which causes problem during dewatering steps. 

2.4.1. Effect of water quality 

According to Suzuki (1981) the hardness of water, pH, temperature, salinity and mineral 

content of the water are important factors affecting the quality of surimi. The quality of water plays an 

important role in determining the quality of surimi. 

2.4.1.1. Hardness 

Tamoto (1971) has studied the effect of hard water on surimi of Alaska pollock. Hard water can 

damage the texture of surimi and act as catalyst for fat degradation (Flick et al., 1990). Saeki et al. 

(1986) pOinted out that hard water results in increase in myosin cross-linking which leads to drip loss 

and texture loss. 

2.4.1.2. pH 

The pH of the water should be optimum in order to ensure maximum functional performance of 

fish protein (Lanier and Lee, 1992). Gill et al. (1979) observed a reduction in colour, water uptake, 

protein loss and TMAO level when pH of washing water was reduced. Lanier and Lee (1992) 

recommended the use of sodium bicarbonate in washed water for pH adjustment as fish flesh showed a 

drop in pH. However, a pH between 6.8 and 6.9 is ideal which not only increases the efficiency of 

washing but also improves the gel strength (Regenstein and Regenstein, 1991). 
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2.4.1.3. Temperature 

Warm wash water is more conducive to dewatering than cold water. Although the cold water is 

desirable to preserve product quality, this benefit may be outweighed by loss of efficiency in dewatering 

procedure when the water temperature is very low. An ideal temperature of water used in washing 

procedure is 30C to 100C (Lanier and Lee, 1992). Japan's Surimi Association recommended that the 

water being used for the last washing cycle should be about 100C in order to achieve a reasonable 

dewatering efficiency. Lanier and Lee (1992) pointed out that high water temperature induces protein 

denaturation and microbial proliferation in mincemeat. Thermostability of the functional myofibrillar 

protein based on Ca++ ATPase activity differs from species to species (Hashimoto et al., 1982). The 

extraction of sarcoplasmic protein is a function of temperature. Therefore, water temperature is one of 

the critical factors in manufacturing high quality surimi since thermostability of protein is overriding 

factor. 

1.4.1.4. Salt concentration 

The gel-forming component of fish proteins varies widely in water-holding characteristics as a 

function of salt concentration. A very low salt content causes the water holding tendency to rise and the 

meat tends to hydrate and swell. (Flick et al., 1990). Increase in salt concentration causes a decline in 

moisture content, but high salt level leads to solubilization of myofibrillar protein causing the premature 

setting of protein sol (Lee and Kim, 1985). It is advisable to use water-containing salts such as chlorides 

of magnesium, calcium (Ofstad et al., 1993) and sodium (Flick et al., 1990). To improve dewatering, salt 

can be used during the last washing step at concentration level of 0.1 to 0.3% (Pigott and Tucker, 

1990). 

2.5. Straining and dewatering IRefining 

Intermediate dewatering should be carried out effectively and efficiently after each washing or 

leaching in order to prevent the hydration of mincemeat which may otherwise cause problem in final 

dewatering (Lee, 1986). Screw press is universally used in surimi plant today for dewatering (Flick et 

al., 1990). The main objective of straining is to remove the connective tissue, scales, fragment of 

bones, skin, ligament etc. from minced meat and also to separate white meat from dark meat (Lee, 

1986). The quality and yield of surimi appear to increase by this process (Swafford et al., 1985). Rotary 

screen is more economical and commonly used for this purpose. During straining the perforation of 

sieve should ideally be about 2 mm, which decides the quality and yield of surimi (Lee, 1986). 
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Partial dewatered fish meat is subjected to straining and further dewatering, which is usually 

referred as refining (Lee, 1986). A refiner is nothing but a straining machine, which could work on wet 

slurry. However, the refiner is not used widely (Flick et al., 1990). During straining it was found that the 

temperature increase of about 20C to 40C which caused protein denaturation and thereby reduction in 

quality (Suzuki, 1981; Lanier and Lee, 1992). Use of self-cooling strainer can eliminate this problem to 

some extent, but the best remedy is to use a refiner (Flick et al., 1990). 

2.5.1. Final dewatering 

The introduction of screw press as the standard dewatering machine was one of the most 

significant break-through in surimi production. The product could flow continuously through the screw 

press, hence the name ·Continuous dewatering machine" used by some manufacturers. It purges water 

from the meat slurry by squeezing it into a progressively reducing chamber with the aid of a rotating 

screw, while allowing the pressurized water to escape through tiny drain holes (Flick et al., 1990). 

The moisture content of washed meat ranges between 80 to 85%, therefore, it is necessary to 

reduce it to less then 80% (Pigott and Tucker, 1990). The main objective of dewatering is to optimize 

the factor keeping in view the protection of protein and to ensure that final moisture content does not 

exceed 80% (Lanier and Lee, 1992; Flick et al., 1990; Pigott and Tucker, 1990; Lee, 1986). However, 

the extent of dewatering depends on the freshness of fish, length of screw barrel, compression ratio 

and the resident time. 

2.6. Use of additives in surimi 

2.6.1. Cryopr6tectant in surimi 

The changes in conformation, aggregation and cross-linking of the myofibrillar proteins are 

known to be accelerated by mincing {Tsuchiya et al., 1975}. Alteration in myofibrillar proteins and their 

functionality have been observed in frozen muscle and isolated protein system in terms of protein 

solubility (Park et al., 1987) and decreased gel forming ability (Shenouda, 1980; Kim et al., 1986; Park 

and Lanier, 1987). A high quality surimi can only be prepared from fish whose myofibrillar protein have 

not been denatured (MacDonald et al., 1990). A surmi that can be stored while retaining its gel-forming 

capability becomes a reality only with the discovery of additives that can be mixed into the raw surimi to 

protect the myofibrillar protein from freeze denaturation. Consequently, surimi destined for cold storage 

is mixed with antidenaturanUcryoprotectant additives before being frozen (Flick et al., 1990). According 
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to Suzuki (1981), in order to avoid freeze denaturation of minced meat it is necessary to speed up 

freezing time and control storage temperature apart from using appropriate cryoprotectant. 

The addition and mixing of cryoprotectants such as sugar, sorbitol and polyphosphates with 

the minced meat in order to stabilize the fish proteins from freeze denaturation during frozen storage is 

known as blending (Lanier and Lee, 1992). Because the mixing procedure may generate heat, the 

mixer may be equipped with a self-cooling device. A vacuum-mixing chamber may help purge air 

bubbles from the product. A silent cutter can also be used for mixing the cryoprotectant additives into 

raw surimi (Flick et al., 1990). 

Cryoprotectants are chemical compounds that prevent or stabilize the product during freezing, 

frozen storage and thawing (Pigott and Tucker, 1990). They act on biological material effectively and 

have characteristic features such as low volatility (Nash, 1966), considerable solubility in water at 

molecular level and ability to form a multihydrogen bond, ability to penetrate membranes (Doebbler 

and Rinfret, 1962) and capacity to dissolve electrolytes. Noguchi (1974) surveyed about 150 

compounds, which have cryoprotective effect on carp actomyosin in vitro model system and found that 

about 30 compounds are markedly effective. Compounds such as amino acids, di~arboxylic acids, 

hydro carboxylic acids, polyalcohol and polyphosphates were found to be effective cryoprotectant. 

Sodium glutamate at 0.025 M was highly effective, where as lysine, histidine and cyrine had moderate 

effect. He concluded that the cryoprotectants will have the following structure: (1) a molecule has to 

posses an essential group either OH, COOH or H2 and more than one supplementary group (OH, 

COOH, NH2SH, S03H or OP03H2, (2) the functional group must be suitably placed and properly 

oriented with each other and (3) the molecule size have to be comparatively small with a low molecular 

weight. However, most commonly used cryoprotectants are, sucrose (4%), glucose (4.5%), sorbitol 

(5%), polyphosphate (0.3%) and salt (0.3%) (Pipatsattayanuwong et al., 1995; Noguchi, 1974). 

Traditionally, in Japan, compounds like sugar, sorbitol or dextrose have been used as 

cryoprotectant (Noguchi, 1974). The undesirable sweetness and/or browning tendency caused by the 

addition of sugar and/or sugar alcohol to the surimi can be eliminated by the use of polydextrose as an 

alternative cryoprotectant (Lanier and Akahane, 1984). Park et al. (1988) reported that poly dextrose 

could be a substitute for sucrose and sorbitol in Alaska pollock surimi. This was confirmed by Sych et 

al. (1990 a, b, c,) for frozen cod surimi. Polyphosphates are most extensively used in seafood industry 

(Brotsky, 1980). Sugars synergistically enhance the effect of phosphates particularly under alkaline 

conditions (Sorenson, 1980). According to Flick et al. (1990) the content of polyphosphate ranges 
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between 0.2 and 0.3% of frozen surimi. Although a higher content is more effective in preserving water 

retaining and gel-forming capability of surimi, polyphosphates adversely affect the taste of Kamaboko 

and must be held below 0.3 percent. Cryoprotective effect of sorbitol (Ueno Seiyaku, 1979), hydrolyzed 

starch (MacDonald and Lanier, 1991 ;Grabowska et al., 1975), protein fat emulsion (Ajinimoto, 1978) 

and some amino acids like glutamate, lysine (Fujiwara, 1976) have been reported. Lactitol and 

palatinitR have cryoprotective effect when incorporated with Cod surimi. It was demonstrated that lactitol 

dihydrate [D-gelactosyl-B (1-4)-D-Glucitol] possesses cryoprotective properties at 8% level 

concentration in frozen Cod surimi as well as the level of lactitol in surimi can be maintained up to 6.4% 

without alteration of stabilizing effect (Sych and Carrier, 1991; Sych et al., 1990 a, b, c). Another 

cryoprotectant glyceride reduced the size of ice crystal in frozen surimi through its emulsifying action 

and provides a soft, fine texture to Kamaboko (Flick et al., 1990). 

The most common surimi formula is 92% washed minced meat, 4% sugar and 4% sorbitol and 

this product can be stored up to a year without loss of gelling properties (Regenstein and Regenstein, 

1991). A mixture of sucrose (4%), sorbitol (4%) and polyphosphate (0.3%) was fairly effective in surimi 

(Lee, 1984). Park et al. (1986) reported that a mixture of 5.6% sucrose and sorbitol (1:1) have an 

effective cryoprotective property. Extended frozen storage of surimi is made possible by the addition of 

4% sucrose, 4% sorbitol and 0.2% polyphosphate, which inhibit the freeze denaturation of myofibrillar 

proteins (Noguchi, 1974; Akahane, 1982). Uijttenboogaart et al. (1993) reported that sodium ascorbate 

(0.2%) and sodium tri-polyphosphate (0.2%) and propyl gallate (0.02%) protect the mackerel surimi. 

Ascorbate acts as reducing agent and free radical scavenger and polyphosphate acts as chelating 

agent and thus it improves the gelation properties of surimi (Nishimura et al., 1990). Good quality surimi 

could be made from Pacific whiting with substantial increased gel strength if it is made with beef plasma 

protein (Morrissey et al., 1992; An et al., 1992). Simpson et al. (1994) worked on Pacific whiting using 

sucrose (4%) and sorbitol (4%) as cryoprotectant along with 0.2% w/w brifisol-S-1 including 1% wlw 

beef plasma protein as enzyme inhibitor and their results showed that surimi can be stored up to 6 

months at -200C to -500C with high textural quality. 

The activity of proteolytic enzyme in fish muscle causes softening of surimi gel. Cystein 

protease of Pacific whiting and Arrowtooth flounder seemed to degrade the surimi myofibrillar proteins 

(Morrissey et al., 1993; Wosson et al., 1992). Stoknes and Rustad (1995) pointed out that proteolytic 

activity in muscle of Allantic salmon was optimum at a temperature of 650C with pH 8. Seymour et al. 

(1994) illustrated that protease activity is high at temperature of 550C and minimum at 700C. Chum 

salmon contains cathapsin and alkaline protease with proteolytic activity during spawning (Konogaya, 
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1985; Nomata et al .• 1985; Yamashita and Konagaya. 1990). High proteolytic activity occurs in whiting 

muscle and mince. such activity continues in surimi (Chang-Lee et al .• 1989; Morrissey et a/ .. 1992). 

Several scientists have used various ingredients along with cryoprotectant as enzyme inhibitor. 

such as beef plasma protein. egg white. potato etc. (Chang-Lee et al .• 1989; Hamann et al .. 1990; 

Proter. 1992; Morrissey et a/ .• 1993). Water-soluble derivatives from potato reduce proteolysis in surimi 

(Reppond and Babbitt. 1993; Lanier et a/., 1981). Porter et a/. (1990) reported that derivative from 

potato could be used as an inhibitor for the successful production of Pacific whiting surimi. Pacific 

whiting can be processed into high quality surimi. having the ability to produce strong and cohesive gels 

with the use of protease inhibitors (Chang-Lee et a/. 1990; Morrissey et a/ .• 1992). Ueno et al. (1984) 

reported that addition of beef plasma protein could improve the gel forming ability. Nagahisa et a/. 

(1981) studied the effect of several compounds to inhibit the protease in Pacific hake muscle tissue and 

found that dried egg white powder. oxyacidic salts. peroxide and water extract of potato are effective 

protease enzyme inhibitors. Arrowtooth flounder could be used to produce surimi if dried beef plasma or 

egg white were used as an inhibitor of protease enzyme (Wasson et al .• 1992). 

2.6.1.1. Mode of action of cryoprotectant in surimi 

Denaturation of protein. rancidity of fat. toughening of texture and dehydration are some of the 

basic problems. which may cause severe deterioration of fish and fishery product during frozen storage. 

Uses of cryoprotectants successfully reduce this problem to a great extent. In order to maximize the 

functionality of surimi the use of cryoprotectants was first proposed by Nishiya et al. (1961). Extensive 

research works have been carried out to evaluate the influencing factors of protein denaturation and 

also to explain the mode of action of cryoprotective agents (Fennema, 1973; Sikorski et al., 1976; Park. 

1985). How these cryoprotectants protect fish protein from freeze denaturation has not been fully 

answered. Several workers pointed out that surface tension and water binding capacity of 

cryoprotectants are responsible for preventing the protein denaturation (Buttkus, 1970; Matsumoto, 

1979; Sun and Wang, 1984; Salde and Levina, 1988 and Baute. 1994). Matsumoto (1980) has 

illustrated diagrammatically the prevention of denaturation by cryoprotectant (Figure-I). 

Chemically reactive substances are not suitable as cryoprotectants. The effectiveness of 

cryoprotectants mainly depends on the solubility and melting point of these compounds. The molecular 

structure influences the hydration capacity and increased hydration decreases the aggregation of 

proteins. From this theory the effectiveness of monosodium glutamate can also be understood 
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(Matsumoto, 1980). The repulsive force exerted on protein molecules by the anionic group of amino 

acids and other dicarboxylic acids increase the hydration. The increased hydration of protein molecule, 

i.e., preferential hydration (Arakawa and Timasheff, 1982), results in slower growth of ice crystal, 

thereby reducing the degree of protein denaturation (Matsumoto, 1980). 

2.6.2. Use of protein additives in surimi 

The seafood industry uses a variety of gelling and non-gelling additives in order to maintain the 

functionality of frozen muscle proteins and to modify the internal structure of actomyosin gel. Sugar, 

sorbitol, salts, calcium carbonate and protease inhibitors are some of the most commonly used non­

gelling additives. Whereas the properties of protein additives, interaction of protein-protein, protein­

water and lipid-water are very important in the formation of stable gel network (Regenstein, 1984). 

Several researches have been carried out on the protein additives. Chung and Lee (1990) 

reported that non-muscle proteins such as lactoalbumin, whey protein, egg white, wheat gluten, bovine 

serum albumin, starches, alginates and carbohydrate gums are principal protein additives used in see 

food industry in order to increase the gelling properties of minced product. Burgarella et al. (1985) 

studied the effect of adding egg white and whey protein concentrate on attaining the rigidity of croaker 

surimi and their result showed that mixing myofibrillar protein with whey protein concentrate was better 

than mixing with egg white. Gnanasambandam and Zayas (1992) reported that in comminuted meat 

product wheat germ protein, corn protein and soya flour are mainly used as protein additives. Addition 

of egg white and beef plasma protein increases the shear strain (Park, 1994). Egg white improves the 

whiteness, texture, glossiness (Akahane, 1983; Lee, 1984; Okada, 1985) and inhibits Modon (Hamann 

et al., 1990). Apart from these egg white also enhances the gel strength (Alvarez et al., 1992). 

Rockower et al. (1982); Iso et al. (1985); Yoo and Lee 1993); Lemmers (1991) have also studied the 

effect of milk protein, soya protein isolate, whey protein concentrate, dried egg white, soya flour and 

textunzed soya protein on fish. 

Use of additives in order to increase the strength may have adverse effect on the texture of 

surimi. Little information is available in this regard. However, Chung and Lee (1991) reported that the 

state of water in hydrated biopolymer ingredients and the equilibrium state of moisture distribution 

between the ingredients (disperSion phase) and the protein gel matrix (continuous phase) have a strong 

effect on textural properties of heat set gel. 
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2.6.3. Use of antioxidant in surimi 

A major problem with minced fish products is the loss of quality attribute to rancidity (Deng et 

al., 1977). This problem is becoming especially important with the advent of mechanically separated 

fish (Silberstein and Lillard, 1978). The washing stage is, therefore, considering as critical as it 

eliminates major portion of lipid during manufacture of surimi. The residual lipid is the main cause of 

quality deterioration of surimi during frozen storage. The large proportion of highly unsaturated fats in 

many fish and the prooxidant contribute to the ease with which the fatty acids undergo various chemical 

reactions with protein and thereby induce formation of lipid oxidation products, which develop off 

flavours (Shimizu et al., 1992; Hultin, 1988; Decker and Hultin, 1990 b). Freezing and frozen storage do 

not completely arrest all possible quality changes and reactions that lead to oxidative changes which 

can proceed at low temperature, although slowly. However, this problem can be solved satisfactorily by 

the use of suitable antioxidants in surimi. 

Antioxidants not only prevent development of off-odour and off-taste and also protect the 

texture. Ozilgen and Ozilgen (1990) proposed the action of antioxidant. According to them, the 

antioxidants block the propagation process, donate a hydrogen atom to free radical and the free 

radicals of antioxidants are stabilized by resonance and enter termination. 

Butyl hydroxy anisole (BHA), butyl hydroxy toluene (BHT), tertiary butylated hydroxy quinone 

(TBHa), propyl gallate and tocopherol are some of the commonly used antioxidant (Sarkar, 1997). 

They can be used either directly or in combination. There is a growing concern over the use of synthetic 

antioxidant and certain spices are known to possess antioxidant properties (Barbut et al., 1985). Joseph 

et al. (1989) reported that use of clove at 0.2% level extends the self life of mackerel mince and it is 

more effective than pepper and cinnamon. Sodium erythrobats, EDTA and sodium tri-polyphosphate 

were found to be effective in controlling rancidity (Iredale and York, 1977). The use of EDTA and citric 

acid along with antioxidant possess a synergistic effect. Vynche (1978) reported that 0.5% tochopherol 

and 0.01 % BHa reduce lipid oxidation in Mackerel. BHA and BHT increased the storage life of frozen 

fish (Hudson, 1990; Hultin et al., 1992; Labuza, 1971). But Ke et al. (1977) pointed out that propyl 

gallates and TBHa are more effective than BHA and BHT in fish and fishery products. Mestin et al. 

(1992) have reported the effectiveness of tocopherol and polyphosphate. 
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Although the Japan Surimi Association (JSA) quality standards for surimi were revived in 1978, 

in practice the 1974 standards continue to be influential among most of the country's surimi 

manufacturers. The manufacture of surimi alters its composition from the original mince (Flick et 

al.1990). Flesh from of typical white-flesh species of a fish contains about 80% water and less than 1 % 

carbohydrate by weight (Watts and Merrill 1963). Commercial surimi could contain water between 75 

and 85% and carbohydrate between 5% and 10% depending on its intended use (Lee 1986; Miyauchi 

et al.1973; Sonu 1986). The moisture content and pH were considered as the prime criteria to judge the 

quality of surimi (Suzuki, 1981). According to Regenstein and Regenstein (1991), a good quality surimi 

should contain about 79 to 81% of moisture and a pH value of 6.8 to 6.9. 

Surimi contains proportionally less protein than mince. The protein content of surimi lies 

between 12 and 15% but the quality of the surimi protein is very high. The washing step of minced meat 

is responsible for the decrease of protein content due to removal of sarcoplasmic protein and NPN 

fractions. Many authors have reported the decrease in protein content during washing (Bligh and 

Regier, 1976; Grantham, 1981; Roussel and ChefteI1988). 

Flick et al. (1990) reported that the fat present on the underside of skin in dark fleshed fish is 

liable to oxidation resulting in fishy odour and discoloration of flesh. Most of the lipid present in species 

typically used in surimi making is removed when wash water, lipid and blood are decanted from the 

washing tanks (Miyake et al., 1985). Pigott and Tucker (1990) and Suzuki (1981) reported that in raw 

Pollock surimi fat content is less than 1 %. Nettleton (1985) pointed out that loss of water-soluble 

vitamin-B complex is quite expected during washing. 

Most surimi produced today contain very little sodium chloride and is referred to as 'low-salt 

surimi'. The small amount of sodium chloride present in most surimi comes from a very dilute sodium 

chloride solution used at the end of the washing step in order to aid in subsequent dewatering (Lee, 

1986). However, the colour, texture and flavour are important quality aspects of surimi (Park and 

Morrissey 1994). 

2.7.2. Functional properties of surimi 

Rhee (1985) reported that the physical and chemical properties like gel forming ability, 

emulsifying capacity, foaming capacity, water holding capacity, solubility, viscosity, fat binding capacity 
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etc. are some of the important functional properties of surimi. The behavior of myofibrillar protein in the 

food system is the function of these properties (Lanier, 1986). Because of the dynamic structure and 

amphiphilic nature of fish protein, they have varying functional properties. 

Protein is one of the most important classes of functional ingredients as they show versatility 

during processing. Functional properties can be defined as an effect induced by an ingredient on either 

the organoleptic properties of a food such as flavour, odour, texture, appearance or on the mincing 

properties of the food during its processing like extrudability, resistance to tear or breakage etc. 

Therefore, functional properties not only depend on ingredient added to the food but also affected by 

the processing (Lanier and Lee, 1992). 

Denaturation of the functional salt-soluble proteins of surimi prior to the point of final use will 

decease their effective functionality. Kim et a/. (1985) noted that denaturation of surimi proteins induced 

by cyclic freezing and thawing caused a dramatic drop in the elasticity of gels prepared from this surimi, 

while the rigidity of the same gel actually increased as a result of the treatment. 

2.7.2.1. Gelling properties 

Montejano et a/. (1984) reported that a gel is a semisolid material, which has certain degree of 

rigidity, plasticity and brittleness. It is becoming increasingly recognized that each of the functional 

properties like water fat and particle binding and texturization are linked to the formation of a stable gel 

network structure in the food (Acton et a/., 1983). However, ugelation is a process of protein 

aggregation, resulting in well balanced territory network which trap within a large quantity of water" 

(Schmidt, 1981). 

Both myosin and actomyosin have dominant role in surimi gelation and show species 

specificity with regard to properties of gelation (Miyake and Hayashi, 1956; Shimizu et a/., 1981). The 

first process of formation of gel is turning the myofibrillar protein into a sol state by addition of salt. Sol 

formation is due to loss of microstructure of myofibrillar protein in water with help of salt (Niwa, 1992). It 

is found that 2.5 to 3% NaCI produces an optimum gelling effect in terms of gel strength and 

compliancy (Lanier et al., 1985). Stronger and more elastic gels can usually be obtained by preheating 

mince fish paste at a temperature near 400C for short time or by refrigerating overnight prior to further 

heating. (Okamura, 1961; Ueda et al., 1968 a; Suzuki, 1981; Lanier et a/., 1982). The former 

phenomenon is referred to as Uhigh temperature setting" while the latter is termed ulow temperature 

setting" (Wu et a/., 1985 a, b). Degradation of the gel structure sometimes occurs at temperature near 
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600C extensively due to the activity of heat-stable proteolytic enzymes (Ikeuchi and Simidu, 1963; 

Makinodan and Ikeda, 1971; Lanier et al., 1981; Shimizu et al., 1981). 

The characteristic texture and elasticity of certain surimi-based products depend on cold 

setting. The fish muscle protein can set at lower temperature as compared to the other animal protein 

(Wu et al., 1985 a, b). Niwa et al. (1980) and Numakura et al. (1987) reported that myosin is the most 

important protein affecting the gel forming ability of fish during lower temperature setting. The 

Ca++ATPase associated with the myosin molecule enforces the gel strength of low temperature-set 

surimi (Funatsu and Arai, 1992; Numakura et ai, 1989). Excessive heating results in tough, rubbery 

analog (Lee, 1986). Thus gel-based product is influenced by cooking temperature and length of time 

during processing (Lee 1984, Wu et al.1985 a, b; Douglas - Schwara and Lee, 1988; Montejano et al., 

1984). 

Protein concentration, ionic strength, pH, type of meat and heating condition influence gelation 

(Asghar et al., 1985). The temperature for optimum gelation is species dependent (Shimizu et al.1981; 

Kamath et al., 1992). Fish muscle proteins also differ in their critical gelling temperature compared to 

proteins of egg white, whey, pork or beef muscle and chicken or turkey muscle (Lanier et al., 1982; 

Montejano et al., 1984). However, surimi analogs are traditionally made from heat-set gels at 

temperatures approaching 900C (Lee, 1984). Gel formation is mediated by disulfide linkage and 

hydrophobic interaction (Chan et al., 1993; Itoh et al., 1979). In addition the formation of network also 

depends on salt linkage and hydrogen bond (Seas and Crupkin, 1990; Roussel and Cheftel, 1990; 

Niwa, 1992). 

Chen (1995) reported that ionic strength (salt concentration) has great influence on the gel 

forming ability of surimi. He also found that the sensitivity to the ionic strength is species dependent. 

Sardine surimi gel gets affected by salt concentration, blending, operation, heat treatment and moisture 

content (Alvarez et al., 1995). The effect of high hydrostatic pressure (HHP) on gel strength of Pacific 

whiting and Alaska pollock surimi has been studied by Chung et al. (1994). He pointed out that there is 

three fold increase in strain and stress for HHP treated whiting gels made without inhibitor. Decrease in 

microorganism, enzymatic activity and change in rheological characteristics in several food systems are 

caused by high hydrostatic pressure. (Farr, 1990; Okamoto et al. 1990; Hoover, 1993). 

Shiba (1992) and Shiba and Numakura (1992) studied the advantage of ohmic heating over 

ordinary heating with respect to higher gel strength. They also reported that the gel strength of Walley 
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pollock, White croaker, Threadfin bream and Sardine was improved by ohmic heating compared to 

heating at 900C in a water bath. Ohmic heating not only inactivates the endogenous enzyme but also 

improves the gel without enzyme inhibitor and produces a surimi with high shear stress and strain 

(Yongsawatidigul et al., 1995; Yongsawatidigul and Park, 1996). 

Two-step heating is much more effective in order to improve the gel strength than that of one 

step heating. The effect of two-step heating is more at lower temperature from 250C to 30oC. Nowsad et 

al. (2000) observed the species variation in the disintegration of the gel. The association or 

disassociation between actin and myosin and changes in species conformations of myofibrillar protein 

is referred as Modori (Sano et al., 1988). The proteolytic degradation of fish myofibrillar protein by heat 

stable proteinase groups is attributed to Modori phenomenon (Makinodan et al., 1987; Toyohara et al., 

1990). Klesk et al. (2000) reported that the optimum heat treatment for tilapia surimi appeared to be 

400C for 1 hour followed by cooking at 900C for 15 minutes. 

Proteolytic degradation of fish proteins can also impair their ability to gel, thus effectively 

reduces functionality. In particular, a heat activated alkaline protease activity is often found in surimi 

(Lin and Lanier, 1980; Lanier et al., 1981). Several physical factors such as freshness, fishing method, 

season, size and species also determine the gel forming ability of fish muscle protein. In general white­

fleshed fish possess a better gelling ability than fatty fish (Shimizu et al., 1981). 

2.7.2.2. Viscosity 

Bourn (1982) defined viscosity as the internal friction of fluid or its tendency to resist flow. It is 

usually denoted by ~=fJ/y, where ~ is the viscosity, fJ is the shear stress and y stands for shear rate. 

Protein denaturation and aggregation during frozen storage can be measured by viscosity (Colmenero 

et al., 1988). Viscosity can be used as an index of fish protein quality and it is more reliable than protein 

solubility and emulsifying capacity (Colmenero et al., 1988; Gandhi et al., 1968; Groninger et al., 1983). 

Viscosity also provides important information on physico-chemical interaction of the protein molecule 

(Kinsella, 1976; Rha and Pradpasena, 1986). 

Tejada et al. (1984) reported the role of myofibrillar and sarcoplasmic protein on viscosity of 

marine fish muscle homogenate. Ued.a et af.. (1968 a,b) studied the mechanism of actomyosin heat 

denaturation by viscosity measurement and reported that actomyosin of some fish species are more 

easily denatured than those of others. The changes in apparent viscosity of muscle homogenate are 
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related to change in actomyosin (Borderias at al., 1985). Depending on the origin of myosin and type of 

meat, the protein functionality differs significantly. (Matsumoto, 1980; Colmenero and Borderias 1983; 

Turgut 1984; Asghar et al., 1985; Whittle et al., 1988). The viscosity is also influenced by protein 

concentration, pH and ionic strengh. Thus the viscosity plays an important role in food and it depends 

on intrinsic environmental and processing factors (Cofrades et al., 1993). 

2.7.2.3. Water holding capacity (WHC) 

The water holding capacity is defined as the water absorbed by a dried protein powder after 

equilibrium against water vapour of known relative humidity (Kinsella, 1976). Differences in water 

holding capacity are characteristic of different muscle (Bouton et al., 1971). The water retention 

properties of protein include expressible moisture (EM) and water binding potential (WBP). These 

factors have influence on the texture, juiciness and flavour of meat (Gerald et al., 1983; Regenstein and 

Regenstein, 1984). 

Protein source, composition and presence of carbohydrate, lipid, pH and salt are considered 

as important factors which have significant influence on the water holding capacity of protein 

(Hermansson et al., 1972). The change in water holding capacity may take place due to a change in 

value of myofibrillar protein (Gerald et al., 1983). Shindo et al. (2000) established the relationship 

between the critical water content and denaturation of myofibrillar protein in fish surimi. The ability to 

hold the added moisture can be predicted on the basis of original proportion of moisture and protein 

content (Swift and Berman, 1959). Hamm and Deatherage (1960) reported that water retention is 

inversely related to protein content and increase in pH enhances the water holding capacity. 

Kosiba and Jawarek(1979} found that mechanically deboned cooked meat had a very limited 

water holding capacity when compared to the mechanically deboned raw meat because of denatured 

proteins. The thermogravimetry analysis (TGA) showed that the surimi and surimi/tapioca/carrageenam 

had higher water retention ability when heated (Barreto et al., 2000). 

2.7.2.4. Protein solubility 

Proteins are widely used as functional ingredients in manufacture of processed foods. The 

functionality of protein influences the sensory properties of food (Hung and Zayas, 1992). The protein 

solubility (PS) is an excellent index of protein functionality. PS has a great influence on the textural 

properties of fish indicating the potential applications (Kinsella, 1976). According to Hermansson and 
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Akesson (1975), the knowledge of solubility of protein is a good index about its application and also 

helps to optimize the processing condition. 

Kinsella (1982) reported that the extractibility of protein is a function of pH. Therefore, it is 

better to study the solubility of that protein in different ionic strength (Mattil, 1971). The denaturation of 

myofibrillar protein can be measured by the quantity of extracted myofibrillar protein from the muscle by 

salt solution with 0.45-0.6 ionic strength (Bate and Smith, 1948; Zender et al., 1958; Migita, 1961). pH 

and temperature of meat have great influence on the solubility of myofibrillar protein. Konagaya and 

Konagaya (1979) reported that low pH and high temperature cause protein denaturation resulting in low 

solubility. 

Bigelow (1967) pointed out that protein with lower average hydrophobicity and higher charge 

frequency would have higher solubility. Some scientists found a decrease in the solubility of myofibrillar 

protein during the rigor process. Whereas some other found a higher solubility during rigor in the case 

of muscle of Red sea bream, Yellow tail and Goby (Suzuki and Migita, 1962). 

2.7.2.5. Foaming 

Foam can be defined as a two-phase system, consisting of air cells separated by thin liquid 

lamellar phase due to its large liquid gas interfacial area. Nakai (1983) reported that protein surface 

properties are mainly responsible for foam development. Energy is required during the formation of 

foam and it is fundamentally unstable (Halling, 1981). 

Foaming properties at different level of protein have been investigated (Cherry and McWatters, 

1981; Kasaric and Ng, 1983; Multilangi and Kilara, 1985; Patel and Fry, 1987). Foaming properties of 

protein can be determined by various methods based on shaking, spurging and whipping (Hailing, 

1981). The effect of pH (Bera and Mukhe~ee, 1989; LeMeste et al., 1990; Phillips et al., 1990), 

presence of additives (Phillips et al., 1990; Poole, 1989) and ionic composition and strength (Richert, 

1979) on the foaming properties of protein has also been studied. Changes in foam expansion with 

increasing concentration are similar in most animal proteins (Brittle and Lavoie, 1992). In Japan surimi 

obtained form shark are utilized for the production of marshmallow textured surimi based product 

because the shark muscles have an excellent foaming properties (Suzuki, 1981). 
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2.7.2.6. Emulsifying capacity 

Kinsella (1982) defined the emulsifying capacity as the volume of oil (ml) that can be emulsified 

by protein before phase inversion or collapse of emulsion occurs. The emulsifying capacity of protein is 

usually determined by emulsion stability (ES), Emulsion capacity (EC) and emulsion activity index 

(EAI). The emulsion stability refers to the ability of protein to form an emulsion that remains unchanged 

for a particular duration, under specific condition. However, emulsification is one of the important 

functional properties in wide variety of food proteins. 

David (1978) reported that emulsification is brought about by homogenetion of two immiscible 

phases normally oil and water. In the first stage, for oil-water emulsion, small spherical droplets are 

formed by homogenetion. In the second stage, for a stabilized emulsion, the oil droplets formed during 

homogenetion must remain suspended in the continuous phase. 

Tejada et al. (1984) studied the role of myofibrillar and sarcoplasmic protein on emulsifying 

capacity of marine fish muscle homogenates. Salt soluble proteins are more suitable for emulsification 

than that of watersoluble protein (Saffles, 1968; Schut, 1976). Gaska and Regenstein (1982 a, b) 

reported that watersoluble proteins do not take part in emulsion formation. Emulsifying capacity of fish 

meat largely depends on protein solubility (Grabowska and Sikorski, 1976). A defined correlation exists 

between the water oil absorption index (WOAI) and the emulsifying capacity and on the basis of this 

relationship it is possible to predict emulsifying capacity (Dekantrewiez et al., 1987). Strength 

compactness, elasticity and electrical properties of the interfacial film around the oil droplets also 

influence emulsion stability (Powrie and Tung, 1976). The protein molecules have high molecular 

weight and they possess both hydrophilic and hydrophobic properties simultaneously, which enable the 

protein to be absorbed at the oil-water interface and decrease interfacial tension between the two 

phases. This reduces the mechanical energy required to produce a given emulsion droplet size (Cante 

et al., 1979). The use of microscopical methods for quick and accurate measurement of EC has been 

suggested by Swift et al. (1961). But this may consequently affect the other parameters such as pH, 

ionic strength, concentration of a disperse phase and added surfactants in emulsion. 

2.8. Changes in surimi during frozen storage 

Oxidative rancidity of fat, denaturation of protein, ice crystallization, dehydration, changes in 

intramolecular conformation, changes in pH and ionic strength are some of the common deterioration 

processes which take place during frozen storage of minced meat and their products. Crawford et al. 
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(1972) studied the change in protein and fat of minced fish meat during frozen storage. The 

denaturation of protein during frozen storage is responsible for decrease in gel forming ability, water 

holding capacity and fat emulsifying capacity (Park et al., 1988; Matsumoto, 1980; Hsu, 1990). Simpson 

et al. (1994) reported that the loss of salt soluble protein, gel functionalities, stress an strain decrease 

notably during frozen storage of surimi because of he use of cryoprotectant in surimi. However, the 

quality changes, which occur during frozen storage, are of great economic importance (Mills, 1975). 

2.8.1. Degradation of fat 

Washing step of minced meat significantly reduces the level of lipid in surimi. Tiwari (1995) has 

reported a reduction of 73.5% fat after 3 washing cycle. The residual lipid is the main cause of quality 

deterioration of surimi during frozen storage. The large proportion of unsaturated fats in many fish 

(Standal et al., 1975) is responsible for oxidative rancidity of the products and thereby develops an off­

flavour. The lipid oxidation is influenced by the factors such as the amount of lipids, their susceptibility 

to autooxidation (Ke et al., 1982), the level of heme compounds (Castell and Bishop, 1969; Fischer and 

Deng, 1977), the level of microsomal system associated with lipid oxidation present (McDonand et a/., 

1979) and the presence of metal ions (Allen et al., 1979). Non-enzymatic oxidation is predominat in 

frozen stored mince (Broderias et al., 1978). Polyphosphates are added to the minced meat to enhance 

the protein functionality and water binding capacity. They also have antioxidant properties, particularly 

in combination with other additives (Morris and Dawson, 1979; Tableros, 1980). 

2.8.2. Changes in protein 

Frozen storage is associated with the denaturation of fish meat protein functionality 

(Matsumoto, 1979, 1980; Park et al., 1987). The structural and chemical properties of muscle proteins 

are profoundly affected by the extended frozen storage. As a result the quality attribute of muscle tood 

products are affected significantly. Fish mince ~as a shorter frozen storage life than intact fillets or 

whole fish (Babbitt et a/., 1972; Hiltz et al., 1976). 

Protein denaturation occurs due to the formation of ice crystals, surface dehydration and cell 

rupture (Mishra and Srikar, 1989). Protein denaturation affects the textural quality of breaded sticks or 

portion made form the affected blocks. It also reduces the functional property (binding), which is a 

critical factor for manufacturing heat-gelled products (Sorenson, 1975). According to Anon (1976), the 

storage changes in frozen minced fish can be suppressed considerably at low temperature, but it is not 

maintained commercially. 



24 

Lanier et al. (1980) reported that the solubility and gel forming ability of myofibrillar proteins are 

found to be optimum when they are in an undenatured state. Fluctuating temperature during frozen 

storage reduces the gel forming ability of fish proteins (Suzuki, 1981). At freezing temperature the 

myosin of fish muscle protein denatures at a faster rate (Suzuki 1981). The aggregation of denatured 

fish muscle proteins occurs mainly on myosin (Sikorsky et al., 1976), actin (Jiang, 1984), tropomyosin 

and troponin (Irisha et al., 1978). Wagner and Anon (1986) reported that the denaturation of protein 

occurs during freezing and frozen storage due to the unfold of myosin head region by weakening of the 

actomyosin which result· in loss of protein functionality. The solubility of the myofibrillar protein also 

depends on the freezing rate, frozen storage temperature and prefreezing conditions (Dyer et a/., 1956; 

Reddy and Srikar, 1991). High frozen storage temperature causes insolubilization of myofibrillar protein 

(Fukuda et al., 1981). 

The changes in conformation, aggregation and cross-linking of the myofibrillar proteins are 

known to be accelerated by mincing (Tsuchiya et al., 1975). Solubility in 0.6 M NaCI or KCI and ATPase 

activity are used to measure the extent of myofibrillar protein denaturation (Matsumoto, 1980; Wagner 

and Anon, 1985). Koning et al. (1985) reported that there was a considerable reduction in soluble 

protein with a simultaneous decrease in organoleptic rating from 4.5 to 0.5. They also pointed out that 

the formation of free fatty acids (FFA) and denaturation of protein are related phenomenon. Infact 

myosin molecules are prerequisite to produce strong and elastic gel and such characteristics are 

affected by the degree of intra and inter strand cross linkage (Schmidt, 1981). 

Myofibrillar protein of fish is less heat stable than mammalian muscle (Takashi, 1973; Arai et 

al., 1973). Johnston et al. (1975) reported that myosin from tropical fish is mare stable than cold water 

fish. Park et al. (1988) and Sych and Carrier (1991) have reported a loss of salt soluble protein in 

cryoprotected surimi during frozen storage. The aggregation of protein during frozen storage results in 

firmer fillets with low water holding capacity (Sikorski et al., 1976). However, the stability and shelf life of 

surimi depend on the frozen storage condition (Matsumoto and Noguchi, 1992) and freshness (Lin and 

Morrissey, 1995). 

Trimethylamine oxide (TMAO) is found in the flesh of Gadoid variety (Dingle et al., 1974). It 

breaks down further in the presence of kidney tissue, blood and subcutaneous brown flesh to produce 

dimethylamine (DMA) and formaldehyde (FA) (Tokunaga, 1974; Castell et aI., 1971; Bremner, 1980). 

FA then attacks the myofibrillar muscle protein rendering it insoluble and thereby toughening the texture 
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and reducing water holding capacity. (Sikorski et a/., 1976; Matsumoto, 1979). Toughening of the flesh 

due to protein denaturation has been suggested to be caused by cross-linking of proteins produced by 

FA during the enzymatic degradation of TMAO to DMA and FA. (Gill et al., 1979). This reaction is more 

pronounced in Alaska pollock mince compared to its muscle (Babbitt et al., 1984). 

The morphological changes of Common carp (Cyprinus carpio) during frozen storage have 

been studied by Okada et al. (1986) by measuring the ATPase activity, viscosity and total-SH groups in 

myosin B in the presence of 0.1 or 0.6 M KCI when stored at _20DC. The deformation of the filaments 

observed is attributed to denaturation. Shaban et al. (1985) reported a decrease in the ratio of 

myofibrillar protein to total protein from 80% at the beginning to 30% after 12 months in case of Alaska 

pollock surimi during frozen storage at -20DC, while the levels of sarcoplasmic protein and NPN 

substances remained almost constant throughout the one-year period of storage. 

Verma and Srikar (1994) suggested a Significant inverse correlation between salt soluble 

nitrogen (SSN) and peroxide value (PV), free fatty acid (FFA), trimethyl amine (TMA) as well as total 

volatile base nitrogen (TVBN). Emulsifying capacity and protein solubility have significant relationship to 

the native structure of protein (Srikar and Reddy,1990; Valkert and Klein,1979). A relationship between 

change in viscosity, protein solubility (PS) and emulsifying capacity (EC) are influenced by time elapsed 

before freezing, type of freezing and seasonal variation of fish. Denaturation induced by freezing 

process reduces the EC (Grabowsaka and Sikorski, 1974). High correlation was found between EC, 

viscosity and PS in frozen fish during frozen storage (Colmenero and Borderias, 1983). Salt soluble 

proteins are responsible for emulsion formation (Gaska and Regenstein, 1982 b). Temperature, pH, 

protein source, solubility type of oil used, salt, equipment design and shape of container, speed of 

blending and rate of oil addition are some of the critical factors which influence the EC. Change in the 

viscosity is minimum at -30DC and maximum at _10DC in presence of KCI whereas in the presence of 

NaCI the value is maximum between -200C to -100C (Takahashi et al., 1993). 

A loss of salt soluble proteins during frozen storage of minced meat obtained from Cucumber 

fish was observed (Bremner, 1977). Abdullah and Yu (1985) observed a similar reduction in the 

solubility of muscle protein in 5% NaCI solution in Chub mackerel. Agarwal et al. (1986) observed a 

rapid decrease in salt soluble nitrogen during the first 16 weeks, water-soluble nitrogen during the first 

24 weeks of storage (at -200C) in the minced meat of Lacterius and Dhoma, following a gradual 

decrease in the subsequent period up to 32 weeks. 
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2.9. Microbiology of surimi·and surimi based seafoods 

The initial step in the transformation of mince to surimi is a thorough washing. This step can 

have several microbiological effects. The wash water removes significant number of bacterial cells from 

the mince (Licciardello and Hill, 1978). Traditionally, the temperature of the wash water is no less than 

10oC. Thus, psychrotrophic bacteria present in the mince may be capable of growth during the wash 

step. 

Another step in surmi making that has microbiological ramification is the addition of 

carbohydrate antidenaturant compounds. These compounds may occasionally be contaminated with 

bacterial spores and constitute an abundant carbon source in addition to the proteins and amino acids 

already present. It is well known that many bacteria grow best in carbohydrate-rich media, and it has 

been found that the APC of Atlantic pollock surimi rises slightly faster than that of Atlantic pollock mince 

during storage at SoC and 130C (Ingham and Potter, 1987). 

The native microbial load of surimi varies depending on length of time the fish is held before 

processing. About 90% of the bacteria isolated form the sample of surimi were Gram-negative and the 

predominat genera were Pseudomonas, Acinetobacter and Moraxella (Elliot, 1986). Similarly, Japanese 

researchers reported that total viable cell counts for blocks of frozen surimi were 105-106 cfu/g. One 

prolific strain of Enterobacter cloacae was found to cause browning of surimi (Fujita et al., 1974). 

Genera of bacteria isolated from kamaboko include Pseudomonas, Flavobacterium, Corynebacterium, 

Lactobacillus, Bacillus and Micrococcus (Sasayama 1973). 

One type of spoilage reported to affect Kamaboko was softening and slime production resulting 

from growth of Bacillus licheniformis. The slime was a levan made from sucrose in the surimi (Mori et 

ai, 1973 b). The source of B.licheniformis was found to be potato starch used in the preparation of the 

Kamaboko (Mori et al.1973a). Leuconostoc has also been found to produce dextran slime on 

kamaboko (Uehiyama and Amano, 1959). C. botulinum toxin production was found to occur in 

inoculated Kamaboko stored at 300C (Sasajima et al., 1978). 

Several preservation techniques for surimi-based foods have been studied. Modified 

atmosphere packaging (MAP) may find use with surimi-based foods. An additive mix of refined 

alcoholic rice fermentation products and amino acids was tested as a preservative for smoked 
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Kamaboko and was found to inhibit growth of coiiforms (Ishida and Watanabe 1981). Dipping of 

Kamaboko in lysozyme solution has also been found to increase shelf life (Akashi and Oono, 1972). 

2.10. End products of surimi 

Surimi is the intermediate raw material from, which the end products called NERISEIHIN 

(Surimi-based products) are manufactured (Wu, 1992). About 90% of surimi-based products are 

various types of fish cakes called KAMABOKO. Less than 10% of surimi-based products are 

represented by fish sausage, fish ham, and fish bur-gers. Imitation crab and other surimi-based 

shellfish analogs may be included under Kamaboko type. Such products are mainly known as analogs 

and imitation products. In addition to white colour and bland taste, gel-forming properties of surimi is the 

most important quality attribute for such products (Flick et al., 1990). 

Kamaboko products are divided among three major categories: steamed, boiled and fried. 

Typical streamed Kamboko is called ITATSUKI (board-mounted) KMABOKO, but the variety also 

includes imitation seafood, naruto, hapen and spongy marshmallow-like products, which contain 

entrapped air. The typical boiled Kamaboko is CHIKUWA, which has the shape of a hollow bamboo 

stem. Typical fried Kamaboko products are SATSUMA AGE and TEMPURA. Kamaboko is also given 

various names depending on product shape, such as SASA (bamboo leaf shaped), SOBA (noodle 

shaped), DATE-MAKI (whirled or rolled) and so on (Flick et al.,1990). 

The main ingredient of Kamaboko is about 85% of surimi (Miyake et al., 1985). The raw or 

frozen surimi with salt (Ka-en) or without salt (Mu-en) is grounded into a paste with sugar, potato­

starch, sodium glutamate and egg white to obtain Kamaboko (Suzuki, 1981). Surimi based imitation 

scallop products contain 60% surimi, 25% water, 5% egg white, 4.3% starch, 1.5% scallop essence, 1 % 

salt, 0.5% sweet sake and 2.7% chemical sea soning (Flick et al., 1990). Surimi-based products are 

prepared by extruding the surimi paste into various shapes resembling such shell fish meat as king or 

snow crab legs, crab claws, lobster tails, scallops or shrimp. The closer the analog resembles the 

natural product, the greater the extraction sophistication (Flick et al., 1990). According to the 

fabrication and structural features, Flick et al. (1990) divided surimi-baesd products into four categories 

as follows. 
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1) Molded products 

Molding the chopped surimi into the desired shape and allowing it to set and form an elastic gel 

makes molded products. Molding may be accomplished by either a single extrusion or a co-extrusion. 

Co-extrusion gives a meat like texture, where as the single extrusion results in a uniform and rather 

rubbery mouth feel (Flick et al., 1990). The molding process of lobster and shrimp can be carried out 

under atmospheric pressure (Kawana, 1988) or reduced pressure (Nishimura et al., 1986) or elevated 

pressure (Hice and Webb, 1985). Restructured shrimp from broken or odd-shaped shrimp of low value 

and shrimp flavored surimi-based products are included in this category. 

2) Fiberized products 

Fiberized products are made by extruding the paste into a thin sheet through a rectangular 

nozzle having a narrow opening. The extruded sheet is then partially heat set and cut into strips of 

desired width by a cutter, similar to a noodle cutter. Surimi used in this process should be of top grade 

so that the paste remains sufficiently cohesive and elastic while it is stretched, cut and pulled. Fine 

strips are preferred for the fibrous crab-leg product, whereas wider strips are more suitable for the 

simulated shellfish in the form of sea flake or chunk. The crab-leg product is produced by a straight cut, 

but the flake and chunk types are formed by an oblique cut (Miyake et al., 1985; Flick et al., 1990; Wu, 

1992). Crab analog and scallop analog are two main examples of fiberized product. 

3) Composite-molded products 

For composite-molded products, the strings of desired length are mixed with or without surimi 

paste and extruded into a desired shape. Strings are produced by slicing a block of surimi gel into thin 

rectangular sheet, followed by stripping into a desired width. This type of product gives a better bite 

than the strictly molded variety, which tends to be rubbery and uniform in texture. Composite-molded 

products are found in chunk form and sold mixed with fiberized products. Another type of composite­

molded product called "fish ham" is prepared by mixing the dice of cured tuna and pork into fish paste 

before extrusion (Flick et al., 1990; Wu, 1992). 

(4) Emulsified products 

To make the emulsified type of product, surimi is treated similarly to meat when it is processed 

for emulsion products. The level of fat added is usually less than 10%, and the type of fat used is not 

limited to animal fat. In fact, vegetable oil is often added, because, unlike mammal and bird meat, fish 
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meat readily produces a stable emulsion with oil. Sausage-type and wiener-type of products mainly 

belong to this category (Flick et al., 1990). 

2.11. Quality assurance of surimi 

The producers are committed to create and maintain a system to ensure customers 

satisfaction through quality product by continuous quality improvement, elimination of wastes and 

development of professional skills and expertise. Conventionally the quality of surimi is examined 

against a criteria or specification. However, this method is considered inefficient, impractical and 

expensive. Corrective or preventive action is applied to the degree appropriate to the magnitude of the 

problem and commensurate with the risks encountered. To avoid the limitation of end product quality 

control and to assure microbiological safety of the product, a new concept named Hazard Analysis 

Critical Control Point (HACCP) has been developed by ICMSF (1988). It is a rational and logical 

approach to identity and control hazards at various points of production. The key elements of HACCP 

are the identification of hazards and assessment of risks. ISO 9000 series is the basis of HACCP 

approach of quality assurance. Huss (1992) studied the developments and use of HACCP in fish 

processing. HACCP assures the control at source and hence results in a defect free product (Kenney, 

1992; Jakobsen1993). 



MATERIALS AND METHODS 
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~iiiiii3i!!i!3~iiiiii3i!!i!3~iiiiii3i!!i!3iiiiii3i!!i!3~~~!!3 3. MATERIALS AND METHODS 

3.1. Material 
3.1.1. Raw Material 

Fresh and live Common carp (Cyprinus carpio) caught off the pond in Kanchrapara, 24 

Parganas (N) were used in the present study. The fishes were processed within 3 h of harvesting and 

the processing was carried out under hygienic condition. During processing the temperature of the raw 

material was kept as low as possible by using sufficient amount of chilled water. The materials were 

divided into three groups. One group (Control) i.e. whole fish was kept as such in frozen storage at -

350C and its freshness was analyzed for 120 days with an interval of 15 days. From second group, 

dewatered mincemeat was made and kept at -350C for similar analysis. From the third group surimi was 

prepared and also analyzed for its freshness. 

3.1.2. Chemicals used 

All the chemicals used in the analysis were either of 'Analytical or Guarantied reagent' grades. 

3.1.3. Bacteriological media 

Nutrient agar obtained from 'Hi-Media', Mumbai was used for estimating total plate count 

(TPC). 

3.1.4. Glasswares 

The glassware's used were all 'Barosii' made. 

3.1.5. Equipments 

3.1.5.1. Processing equipments and accessories 

• Meat picking machine: To separate meat from skin and bones of dressed fish, single phase 

motor driven, Roll type (belt and drum type), fish meat picking machine supplied by 'Stadler 

Corporation' was used. The drum of the machine is made of stainless steel and belt is of food grade 

synthetic material. The capacity of the machine is 20 kg/h (approximately). 

• Fish meat mincer: Model S-1, cast-graded stainless steel, 304 housing with double cutting 

system meat mincer supplied by , Stadler Corporation' was used. The capacity is 30 kg/h 

(approximately) with gear drive. 
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• Bowl chopper: Model SB-2, laboratory model with 3 blades in ox, cast stainless steel bowl 

and covers single speed motor with 2 speed controls bowl chopper supplied by 'Stadler Corporation' 

with batch capacity of 61 L was used. 

• Hand operated screw press (Traditional type) 

• Deep freezer: Horizontal model deep freezer supplied by 'Anonym' with a capacity of 380 L 

and temperature range of -350 ± 10C was used. 

• Vessels and utensils: All the vessels and utensils were made of stainless steel. 

• Processing tables (Stainless steel) 

3.1.5.2. Analytical instruments: 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

Kjeldahl digestion system (BorosH) 

Kjeldahl distillation unit (Borosil) 

Muffle furnace (BIT A) 

Hot air oven (Instrumentation India) 

IIC, Bacteriological incubator 

REMI, RBC Laboratory centrifuge 

Microprocessor based spectrophotometer with column dot matrix printer 

(Systronics) 

Sterilizer (Instrumentation India) 

pH meter (Systronics) 

Electronic single pan balance (Ohona 100 OS) 

Vacuum oven (Anonym) 

3.1.5.3. Packaging material 

Low-density polyethylene (LOPE) bags were used for packing the fish as well as surimi. 

3.2. Methods 

3.2.1. Study of Raw material characteristics 

3.2.1.1. Physical characteristics 

Total length, standard length and weight of 30 fish selected at random, were measured. The 

yield of picked meat was calculated based on the whole fish and dressed fish separately. 
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3.2.1.2. Chemical characteristics 

Methods used to assess the freshness of the fish are described in the section 3.2.4., 3.2.5. and 

3.2.6. 

3.2.1.3. Sensory characteristics 

Fresh Common carp were evaluated for freshness by using descriptive scoring for appearance, 

texture, colour and odour of raw fish on 9-point hedonic scale (Shewan et aI., 1953). The overall 

acceptance of the fish was also assessed. The mean score of 8 trained panelists was calculated for 

each attribute. 

3.2.1.4. Microbiological characteristic 

The microbiological characteristic of fresh fish was carried out according to the standard 

method recommended by APHA (Speck, 1976). Appropriate dilution of homogenate were made in a 

physiological saline (0.85%) and plated into duplicate on nutrient agar, by pour plate method. 

Incubation was done at 370C temperature for 48 h. 

3.2.2. Standardization of washing procedure 

In the present study, the minced meat was subjected to water washing, using chilled water 

(50C), in order to remove blood, pigment, fat and components with low molecular weight. Minced meat 

was subjected to repeated washing and settling. In order to improve the colour, as many as four times 

washing were done with 5 minutes of soaking in between washings. In the present study the ater to 

After each wash, meat was gently squeezed in a muslin cloth to remove as much water as possible and 

the meat was almost devoid of fishy odour after the last washing. 0.1 % NaCI solution was used during 

the last washing in order to facilitate easy removal of water in further processing steps. There after, the 

meat was subjected to pressing and the moisture content of the product was maintained about 80%. 

3.2.3. Production of surimi 

After dewatering the partially dehydrated meat was mixed with 4% sorbitol and 0.3% sodium 

tripolyphosphate in a bowl chopper for 2 minutes at 15-18oC. This washed mince and surimi were 

packed in LOPE bags and stored at -350C temperature. The procedure used for production of surimi is 

given in the Figure-II. The dewatered mincemeat and whole fish were also stored at same temperature. 



Raw material (Fresh Common carp) 

• Washing with fresh water 

• Heading & Gutting 

• Washing 

• Meat separating and mincing 

• Washing of minced meat using chilled water (Water: Mince=5: 1) for 4 times 

• Water washed minced meat 

• Dewatering 

• Dewatered minced meat 

• Mix with cryoprotectant [sorbitol (4%) and polyphosphate (0.3%)] 

• Surimi 

• Packing 

+ 
Freezing 

+ 
Storage [at -350C± 2°C] 

Figure-II Flow diagram of surimi production 
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The quality characteristics of all the 3 groups were analyzed. The effect of freezing or frozen 

storage on the quality change of minced meat and surimi, in comparison with whole fish were studied. 

The beneficial effect of preservatives likes sorbitol, salt and sodium tri-polyphosphate in improving the 

shelf life of the product was assessed. 

3.2.4. Chemical composition 

3.2.4.1. Moisture 

Moisture content was determined by the standard hot air oven method (AOAC, 1995). About 5 

g of sample from whole fish and minced meat were taken in moisture bottles and dried in a hot air oven, 

maintained at 1050C± 2°C for 12 hours. The weight loss was expressed as moisture content 

percentage of the samples. 

3.2.4.2. Crude protein 

The total nitrogen was estimated by Kjeldahl method (AOAC, 1995). Crude protein value was 

calculated by multiplying the total nitrogen value by a factor of 6.25. 

About 1 g of meat sample was transferred to 250 ml of digestion tube and 10-12 ml of 

concentrated. sulphuric acid and 0.2 g of digestion mixture were added-and the sample was digested 

on digestion chamber till a clear digest was obtained. After cooling, the volume was made up to 100 ml 

with distilled water. Then 2 ml of digested solution was taken for distillation in Kjeldahl distillation unit 

with 40% sodium hydroxide solution. The liberated ammonia was absorbed in 2% boric acid solution 

containing mixed indicator (2% methyl red and 2% methylene blue in 1:1 ratio and dissolved in ethyl 

alcohol), the pink colour of the boric acid turns green. The boric acid was titrated against N/140 

standard hydrochloric acid until the solution turned pink. Total nitrogen was calculated and expressed 

as g/100 9 of sample. 

3.2.4.3. Crude fat 

Fat content of the moisture free sample is determined by extracting the fat with a suitable 

solvent as recommended by AOAC (1995). Petroleum ether can be used as the solvent. Extraction is 

done by using Soxhlet apparatus. 

10 g of the moisture free sample is transferred carefully to an extraction thimble. The thimble is 

placed inside a Soxhlet apparatus along with petroleum ether. The electrical heating unit is adjusted 
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properly so that the solvent siphons over 5-6 times per h and extract the fat in the solvent for 16-20 h. 

The extraction thimble is removed and placed in a glass dish. The remaining solvent is evaporated at 

1000C in an oven (about 2 h). With the aid of a spatula, the entire residue from the thimble was 

transferred to a glass dish. The weight of the glass dish containing the fat free residue is measured. 

The fat content of the sample was expressed as g/1 00 g of samples. 

3.2.4.4. Total ash 

The ash content was measured by the method of AOAC (1995). 

Moisture free samples were incinerated in a muffle furnace at a temperature of 60QOC± 500C for 4-5 

hours and the values expressed on wet weight basis as percentage. As content of the sample was 

expressed as g/100 g of sample. 

3.2.5. Quality changes during storage 

3.2.5.1. Total volatile base nitrogen (TVB-N) 

The TV8-N an index of spoilage of fish of all the samples was determined by the method 

recommended by EIC (1995). 

100 g of sample was blend with 300 ml of trichloro acetic acid (5%) solution and then filtered to 

obtain a clear extract. 5 ml of extract was distilled with 5 ml 2(N) sodium hydroxide. The distillate was 

collected in 15ml 0.01 (N) hydrochloric acid containing 0.1 ml rosolic acid indicator. After distillation, 

excess acid was titrated by using 0.01 (N) sodium hydroxide to a pale pink end point. A blank was also 

determined. The TV8-N of the sample was expressed as mg/100 g of sample. 

3.2.5.2. Alpha amino nitrogen (AAN) 

The AAN in the sample was estimated following the copper method of Pope and Stevens 

(1939). The amino acids react with excess copper present in the form of cupric phosphate and the 

amount of copper taken into solution by amino acid or similar materials is determined iodometrically. 

About 20 g of sample was ground thoroughly with 40 ml of 7% Trichloro acetic acid (TCA) solution and 

filtered and made up to 100 ml in volumetric flask and 50 ml of the extract was taken for estimation. The 

results are expressed as mg/100 g of sample. 
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3.2.5.3. Salt soluble nitrogen (SSN) 

The SSN was estimated by the method of Dyer et al. (1950). 5 g of sample was homogenized 

at about 40C in a tissue homogeniser for 3 min using chilled 5% sodium chloride solution, buffered with 

0.02 M sodium bicarbonate and pH was adjusted between 7 and 7.5 using O.1(N) HC!. The total volume 

of the homogenate was made up to 100 ml. It was centrifuged at 4000 rpm for 10 min and then nitrogen 

content of 2 ml supernatent was determined by Kjeldahl method and expressed as percentage of total 

nitrogen. 

3.2.6. Determination of lipid quality 

3.2.6.1. Peroxide value (PV) 

The peroxide value (PV) of the lipid was determined from the lipid extract, as described by 

Jacobs (1958), iodometrically. 10 g sample was taken and ground well with 15 g anhydrous sodium 

sulphate. Then transferred to a 100 ml stoppered flask and 30-50 ml of chloroform was added and 

placed in dark place for about 15-20 min with occasional shaking. 10 ml of chloroform extract, 25 ml of 

solvent (2 volume of glacial acetic acid and 1 volume of chloroform). 1 ml of potassium iodide solution 

and 35 ml of water were added. The liberated iodine was titrated against standard sodium thiosulphate 

solution and expressed as mili equivalent of peroxide/kg of lipid. 

3.2.6.2. Thiobarbituric acid (TBA) value 

This test, developed by Bernheim et al. (1948) was refined and adopted by Yu and Sinnhuber 

(1957) and was considered to correlate more closely than the peroxide number with sensory 

measurements of qxidative rancidity.10g of blended fish was mixed with 50 ml distilled water in a 

blender. It was then transferred into a flask. Then blender was washed with 47.5 ml distilled water and 

washing was also transferred to the flask. 25 ml of 1:2 HCI was added to the solution and then distilled. 

1 ml of distillate was taken in a test tube and 1 ml of TBA reagent and 5 ml of distilled water were added 

and then heated in water bath for 30 min. Then cooled and red color developed was measured at 538 

nm using a spectrophotometer. TBA value was expressed as mg of malonadehyde/Kg of sample. 

3.2.7. pH 

The pH of the sample was determined by method described by Suzuki (1981). About 10 g of 

the sample were blended with 90 ml of distilled water and pH of the blend or homogenate was 

measured directly by the help of a pH meter. 
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3.2.8. Changes in sensory quality 

Sensory attributes like appearance, texture and odour of whole fish, dewatered mince meat 

and surimi were analyzed during four months of storage with an interval of 30 days on 9-point hedonic 

sacle (Shewan et al., 1953). The mean scores of 8 trained panelists were calculated for each attribute. 

3.2.9. Statistical analysis 

Analysis of variance (ANOVA) (Snedecor and Cochran, 1962) were calculated to find out the 

significant difference in the sensory characteristics of samples. The Duncan's Multiple Range Test 

(DMRT) was followed to identify the homogenous subsets of treatemt. To find out the relationship 

between various methods used to assess the quality changes during storage, correlation co-efficient (r) 

was also calculated. 

3.2.10. Development of HACCP concept in surimi 

The Hazard Analysis Critical Control Point (HACCP) was applied to the surimi processing line. 

The strategy as outlined in ICMSF (1988) was used for the identification of critical control point in surimi 

production. 



RESULTS 
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Fresh Common carp (Cyprinus carpio) used in present work were analyzed for physical, 

chemical, microbiological and sensory characteristics. Experimental trials were conducted on quality of 

whole fish, dewatered mincemeat and surimi to assess the changes of the above mentioned samples 

stored over a period of four months. The results of these analyses are given in following sub-sections. 

4.1. Characteristics of raw material 

4.1.1. Physical characteristics 

The physical characteristics of fresh fish studied are shown in Table-I. The average weight and 

average total length of the Common carp were found to be 535.38 g and 28.8 cm respectively. The 

average standard length of fish was measured to be 24.3 cm. The yield of dressed fish was found to be 

62.53% and yield of picked meat was 35.88% from whole fish and 57.38% based on dressed fish. 

4.1.2. Chemical characteristics 

4.1.2.1. Freshness evaluation 

The result of freshness evaluation such as TV8-N, AAN, SSN as well as lipid quality of fresh 

fish such as PV, TBA values are outlined in Table-II. 

4.1.2.2. Proximate composition 

The proximate composition of the fillet and dewatered mincemeat are delineated in Table-III. 

The moisture and protein contents of fillet were found to be 76.90% and 17.78%, respectively. The 

dewatered mincemeat had higher moisture and lower protein content. The lipid content of the fillet was 

measured to be 3.16% on w/w basis. The lipid content was also less in dewatered mincemeat as 

compared to the fillet. As the fillets was used for analysis, the ash content was less than 1 %. 

4.1.3. Microbiological characteristics 

Only the TPC of the raw material was determined. The result is shown in Table-IV. The TPC of 

the raw material was 5.2 x 105 / g of sample. 



38 

4.1.4. Sensory characteristics 

Results of the sensory evaluation for all attributes of both uncooked and cooked fishes depicted 

in Table-V. The results of both samples were between 'like very much' and 'like moderately' based on 

9-point hedonic scale. 

4.2. Analysis of samples 

The surimi prepared from fresh fish was analyzed to compare with dewatered mincemeat 

(DWM) and whole fish with an interval of fifteen days for four months. 

4.2.1. Nitrogenous compounds 

The various nitrogenous compounds analyzed during frozen storage are TVB-N, AAN and 

SSN. The results are delineated in Table-VI, VII, and VIII, respectively. 

4.2.1.1. TVB·N 

The Table-VI and Figure-III represent the TVB-N value of all samples during storage. The TVB­

N value of all the samples increased gradually during storage. TVB-N ranged from 2.78 mg% to 16.64 

mg% in whole fish after four months of study. The DWM and surimi also exhibit similar kind of 

characteristics like whole fish. The TVB-N value of surimi (13.95 mg%) was less as compared to the 

whole fish (16.64 mg%) and DWM (17.38 mg%) after four months of storage period. 

4.2.1.2. Alpha amino nitrogen (AAN) 

The AAN increased significantly during storage in all the samples (Table-VII and Figure-IV). 

During four months study the AAN content increased from 5.54 mg % to 28.41 mg% for whole fish. 

After four months the AAN contents of surimi and dewatered mincemeat was 26.58 mg % and 32.41 

mg %, respectively. 

4.2.1.3. Sait soluble nitrogen (SSN) 

SSN contents of all the samples during storage period are outlined in Table-VIII and Figure-V. 

In fresh fish the SSN content was about 73.34% of the total nitrogen with a steady decrease to about 

40.92% after four months. The DWM showed slightly lower value (60.34%) at the end of fifteen days 

than whole fish (64.82%). But the rate of decrease during storage was much lower in surimi as 
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compared to whole fish and DWM. After four months the SSN content of surimi was found to be 

49.20%. 

4.2.2. Lipid characteristics 

4.2.2.1. Peroxide value (PV) 

The peroxide values for whole fish dewatered minced meat (DWM) and surimi are presented in 

Table-IX and Figure-VI. PV ranged from 17.1 to 44.48 milliequivalent of peroxide per Kg of total lipid 

after three months and showed decline at the end of four months in whole fish. The DWM (49.03 

milliequivalenUKg of fat) and surimi sample (42.23 milliequivalenUKg of fat) also showed similar kind of 

characteristics like whole fishafter four months of storage. 

4.2.2.2. TBA value 

The changes in TBA value of whole fish, dewatered mince meat (DWM) and surimi are 

depicted in the Table-X and Figure-VII. The highest TBA value of 6.95 mg of malonaldehyde per Kg 

sample was observed in DWM after three months. The increase in TBA value was more in dewatered 

mincemeat than surimi. After four months of study the TBA value of DWM and surimi were 3.82 and 

3.13, respectively. 

4.3. pH 

Table-XI and Figure-VIII show the pH value of whole fish, dewatered mince meat (DWM) and 

surimi during frozen storage of four months. pH values are almost constant during the entire storage 

period. The range of pH values in whole fish, DWM and surimi are 6.78 to 6.88,6.68 to 6.86 and 6.84 to 

6.85, respectively. 

4.4. Sensory characteristics 

Table-XII gives the average panel mean score for whole fish, dewatered mince meat (DWM) 

and surimi. The average mean score for appearance, texture and adour showed sudden decline after 

90 days. The DWM sample was acceptable when it was initially prepared using fresh fish but the score 

decreased with increase storage period. 

4.5. Statistical analysis 

To know the relationship between the various methods used for quality assessment, correlation 

coefficients were calculated and shown in the Table-XV. The mean panel scores of different treatment 
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for various attributes on different sampling days were analyzed using two-way analysis of variance 

technique (ANOVA). Table-XIII depicts the results of ANOVA. No significant variation (p>O.05) was 

observed between days and attributes. But significant difference (p<O.01) was observed between days 

and treatment and between treatment and attributes. The DMRT of sensory scores due to treatment 

showed dewatered mince meat and whole fish as homogenous subsets as they did not show any 

significant difference (P>O.05). In contrary, surimi showed significant difference (p<O.05) with whole fish 

and dewatered mincemeat. The results of DMRT are shown in Table-XIV. 

4.6. Hazard Analysis Critical Control Point (HACCP) 

The critical control point in the production of surimi is presented in Figure-IX. 
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T able-I Physical characteristics of raw material 

SL.NO. CHARACTERISTICS MEAN 

1. Average length (cm) 28.80 

2. Average standard length (cm) 24.30 

3. Average weight (g) 535.38 

4. Yield of dressed fish (%) 62.53 

5. Yield of picked meat (Based on whale fish) (%) 35.88 

6. Yield of picked meat (Based on dressed fish) (%) 57.38 

Table-II Chemical characteristics of raw material 

SL.NO. CHARACTERISTICS MEAN 

1. TVB-N (mg %) 2.78 

2. AAN (mg%) 5.54 

3. SSN (g%) 73.34 

4. PV (milliequivalent IKg of fat) 19.10 

5. TBA (mg of malonaldehyde/Kg of sample) 1.14 

Table-III Proximate composition of fresh common carp and dewatered mincemeat 

PROXIMATE 
FILLET DEWATERED MINCE MEAT. 

COMPOSITION (%) 

Moisture 76.90 80.34 

Protein 17.78 14.57 

Total lipid 3.16 1.12 

Total ash 0.93 0.75 



42 

Table-IV Microbiological characteristics of raw material. 

TPCI gm of sample 5.2 X 105 

Table-V Sensory characteristics of raw and cooked meat of Common carp. 

SENSORY A TIRIBUTES RAW COOKED. 

Appearance B.2 B.6 

Odour 7.4 B.2 

Texture B.4 7.5 

Colour B.3 B.B 

Overall acceptability B.O B.4 
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Table-VI Change in total volatile base nitrogen (TVB-N mg%) in whole fish (WF), 

dewatered mincemeat (OWM) and surimi (8) during frozen storage 

DEWATERED 
STORAGE PERIOD WHOLE FISH 

MINCE MEAT SURIMI (8) 
(DAYS) (WF) 

(DWM) 

0 2.78 -

15 3.50 3.85 3.27 

30 5.93 6.10 5.45 

45 7.31 8.94 6.46 

60 8.57 10.31 7.32 

75 10.16 12.27 9.60 

90 12.78 13.35 10.20 

105 14.98 15.83 11.32 

120 16.64 17.38 13.95 
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Figure-III Change in total volatile base nitrogen (TVB-N mg%) in whole fish (WF), dewatered mincemeat (OWM) and surimi (8) during 

frozen storage. 
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Table-VII Changes in a-amino nitrogen (AAN mg%) content in whole fish (WF), 

dewatered mincemeat (OWM) and surimi (S) during frozen storage 

DEWATERED 
STORAGE PERIOD WHOLE FISH 

MINCE MEAT SURIMI (S) 
(DAYS) (WF) 

(DWM) 

0 5.54 - -

15 9.33 11.50 9.10 

30 13.12 15.33 12.73 

45 16.10 18.76 15.62 

60 19.13 22.20 18.71 

75 21.13 25.50 20.60 

90 23.10 27.83 22.60 

105 25.75 29.10 24.54 

120 28.41 32.41 26.58 
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Figure IV Changes in a -amino nitrogen (AAN mg%) content in whole fish (WF), dewatered mincemeat (OWM) and surimi (8) during 
frozen storage. 
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Table-VIII Changes in salt soluble nitrogen (SSN g% of total protein) in whole fish (WF), 

dewatered mincemeat (OWM) and surimi (S) during frozen storage 

I 
I 

DEWATERED 
STORAGE PERIOD WHOLE FISH 

MINCE MEAT SURIMI (S) 
(DAYS) (WF) 

(DWM). 

0 73.34 -

15 64.82 60.34 69.84 

30 57.31 53.95 67.43 

45 55.75 51.32 64.48 

60 52.86 48.93 61.32 

75 51.05 46.82 59.88 

90 49.43 42.46 58.43 

105 45.89 40.37 53.31 

120 40.92 38.31 49.20 



Figure-V Changes in salt soluble nitrogen (SSN g% of total protein) in whole fish (WF), dewatered mincemeal (OWM) and surimi (S) 

during frozen storage. 
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Table-IX Changes in peroxide value {PV MilliequivalenUKg of fat} in whole fish (WF). 

dewatered mincemeat (OWM) and surimi(S) during frozen storage. 

DEWATERED 
STORAGE PERIOD 

WHOLE FISH (WF) MINCE MEAT SURIMI (S) 
(DAYS) 

(DWM) 

0 17.1 - -

15 26.38 30.63 28.57 

30 33.23 38.23 35.93 

45 35.55 42.42 37.82 

60 39.86 46.31 40.84 

75 42.02 49.55 45.43 

90 44.48 54.67 49.36 

105 41.76 51.39 44.17 

120 37.15 49.03 42.23 
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Figure-VI Changes in peroxide value (PV milli equivalent/Kg of fat) in whole fish (WF), dewatered mince meat (OWM) and surimi (S) 
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Table-X Changes in TBA (mg of malonaldehyde/Kg of sample) in frozen whole fish (WF), 

dewatered mincemeat (OWM) and surimi (S) during frozen storage 

DEWATERED 
STORAGE PERIOD WHOLE FISH 

MINCE MEAT SURIMI (S) 
(DAYS) (WF) 

(DWM) 

0 1.14 - -

15 1.98 2.62 2.32 

30 2.76 4.03 3.05 

45 3.86 5.98 3.49 

60 4.03 6.35 3.74 

75 5.69 6.87 4.08 

90 6.03 6.95 4.53 

105 5.46 5.08 3.82 

120 4.28 3.82 3.13 



Figure- VII Changes in TBA (mg of malonaldehyde/Kg of sample) in frozen whole fish (WF) , dewatered mince meat (OWM) and surimi(S) 

during frozen storage. 
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Table-XI Changes in pH in frozen whole fish (WF), dewatered mincemeat (OWM) and 

surimi (S) during frozen storage. 

DEWATERED 
STORAGE PERIOD 

WHOLE FISH (WF) MINCE MEAT SURIMI (S) 
(DAYS) 

(DWM) 

0 6.78 - -

15 6.75 6.68 6.84 

30 6.69 6.60 6.78 

45 6.65 6.59 6.73 

60 6.62 6.58 6.70 

75 6.60 6.62 6.72 

90 6.65 6.73 6.74 

105 6.72 6.81 6.79 

120 6.88 6.86 6.85 



Figure- VIII Changes in pH in frozen whole fish (WF) , dewatered mince meat (OWM) and surimi (S) during frozen storage. 
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Table-XII Mean sensory score of frozen whole fish (WF), dewatered mincemeat (DWM) 

and surimi (8) during frozen storage 

SAMPLE 
DEWATERED 

WHOLE FISH 
DAYS MINCE MEAT SURIMI (S) 

(WF) 
(DWM) 

ATTRIBUTES 

0 Appearance 8.2 8.4 8.5 

Texture 8.4 8.6 8.7 

Odour 7.4 8.2 8.4 

30 Appearance 8.0 7.9 8.2 

Texture 8.1 8.2 8.3 

Odour 7.1 7.2 8.1 

60 Appearance 7.7 7.5 8.0 

Texture 7.8 7.6 8.1 

Odour 6.8 6.9 7.8 

90 Appearance 7.4 7.1 7.8 

Texture 7.6 7.2 7.9 

Odour 6.5 6.3 7.3 

120 Appearance 6.6 6.2 7.2 

Texture 6.7 6.5 7.4 

Odour 6.1 5.7 6.9 
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Table- XIV DMRT 

Treatment N Subset 
1 2 

DWM 15 
7.3000a 

WF 15 7.3600a 

S 15 7.9067b 

Values with different superscripts are significant at 5% level. 



Samples 

Whole fish 
(WF) 

Oewatered 
mince meat 
(OWM) 

Surimi (S) 

* P < 0.05 
** P < 0.01 

SSN x PV 

-0.873** 

-0.913** 

-0.708* 

Table -XV Correlation coefficient between analytical methods. 

Correlation between the analytical methods. 

SSN x SSN x SSNx TVB-N x TVB-N x TVB-N x 
TBA AAN TVB-N PV TBA AAN 

-0.834** -0.983** -0.946** -0.766* -0.804** -0.981 ** 

-0.394 -0.989** -0.989** 0.883** 0.360 0.993** 

-0.439 -0.974** -0.984** 0.780* 0.516 0.982** 

AAN x PV AANx PVxBA 
TBA 

-0.857** -0.866** -0.952** 

0.913** 0.415 0.717* 

0.847** 0.692 0.932** 
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F.igure- IX Application of HACCP: The critical control point in the production of surimi. 
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5. DISCUSSION 

5.1 Raw material characteristics 

The average total length and weight of 30 number of Common carp used in the present study 

were 28.80 cm and 535.38 g, respectively. The typical size of this species has been recorded 100 cm 

and 35 Kg (Frimodt, 1995). 

Dressing yield of Common carp was 62.53%. Bhat (1983) has reported a dressing yield of 68.04% 

from medium sized Mrigal. The yield of picked meat was 35.88% based on the whole fish. However, a 

picked meat yield of 26.1 % was observed in Tilapia (Finne et al., 1980). Generally the yield of picked 

meat directly relate to the size of the fish. The fairly high yield obtained in the present study may be due 

to the comparatively bigger size of fish used. 

The proximate composition of fillet of Common carp is outlined in Table-III. The result of this study 

showed moisture content of 76.90% and protein content of 17.78%. Similar results were reported from 

Common carp (Frimodt, 1995). The fat content is highly variable (2 to 25%) in Common carp (Rippen, 

1990). In the present study the fat content (3.16%) appeared to be low (5.6%) as compared to the study 

of Frimodt (1995) but high (1.9 ± 0.6%) as compared to the study of Vacha et al. (1993). The variation 

may be attributed to the feeding and spawning cycle of fish. However, a low fat content is very 

important to get good quality gelled or emulsion type and analog products (Suzuki, 1981; Flick et al., 

1990). The proximate composition of fish depends on the diet, size, sex, physiological state of fish and 

also the ecological conditions. The results obtained in the present study are in concurrence with above 

reports within reasonable limits. 

All the chemical parameters of the samples such as TVB-N, AAN were within the limit of 

acceptance (2.78 mg%, 5.54 mg% respectively). Connell (1980) recommended a TVB-N value of 20 

mg% as the safe level for the raw material. The SSN content of fresh fish usually varies between 70 

and 85% of total protein (Dyer et al., 1950). In the present study the SSN content was 73.34% 

indicating high quality of raw material. This observation is also reflected in mean sensory evaluation 

score (Table-V). The overall score of fresh and cooked fish were 8.0 and 8.4, respectively on a 9-point 

hedonic scale. 



54 

The PV is regarded as an useful and reliable method to estimate the extent of auto oxidation in 

early state or storage (Olley and Lovern, 1960). The PV upto 30 milli equivalent of oxygen/Kg of fat is 

considered acceptable without any objectionable off taste and odour (Lojolina et al., 1983). The present 

study showed a PV of 17.1 mill equivalent of oxygen IKg of fat. In an attempt of confirming this value, 

the TBA was determined which is an index of secondary oxidation of lipid. However, the TBA value of 

1.14 mg malonaldehyde IKg of fish, was within the acceptable limit. Connell (1980) suggested the safe 

level of TBA to be 1 to 2 mg malonadehyde/Kg of sample. 

The TPC/g of whole fish (including skin. gill and intestine). observed in the present study 

(Table-IV) was found to be in conformity with the results as described earlier (Liston et al., 1976). 

5.2. Standardization and preparation of surimi 

The fresh Common carp were processed immediately without any kind of inordinate delay. The 

whole fish were manually dressed. Particular care was taken to keep the fish in chilled condition during 

evisceration. The dressed fishes were subjected to mechanical separation of fish flesh. The separated 

Common carp mince was grayish white in colour. After separation the meat was subjected to repeated 

washing with chilled water (50C). Hassan and Mathew (1999) reported three washing cycles with mince 

to water ratio' of 1:5 for Common carp. They also used 0.3% sodium chloride solution for the last 

washing to ease the removal of water in the further processing steps. Nowsad et al. (1999) 

recommended 0.1 % NaCI solution for final washing for tropical major carp minced meat. In the present 

study the number of washing cycles were increased to four but the proportion of mince to water (1 :5) 

remained same. Last washing was done by using 0.1 % solution of sodium chloride. Five minutes of 

setting time between each washing was found to be adequate for tropical major carp minced meat 

(Nowsad et al., 1999). The above recommendation was also followed in the present study. 

The washing of minced meat enables the removal of sarcoplasmic protein. which inhibits 

gelation (Roussel and Cheftel. 1988; Shamasundar et al., 1988). Therefore. increase in number of 

washing cycle was found to be advantageous in removing fat. colour pigments, odour bearing 

components and also results in the concentration of rnyofibrillar protein. The serious disadvantage in 

surimi production is the requirement of large amount of water. Among many alternatives. a 3:1 

proportion of water to picked meat was found satisfactory. Babbitt (1986) has made similar observation. 

Suzuki (1981) has recommended a ratio of 1:2 to 1:8 (mincemeat: water) depending on the species. 
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In the present study the moisture content of minced meat was increased from 76.90% to 

80.34% after 4 washing cycles. Hydrophilic nature of myofibrillar protein is responsible for such an 

increase in moisture content. The dewatering is an important step to maintain the moisture content of 

surimi around 80%. Good quality surimi usually contains less than 85% moisture (Lee, 1985). In the 

present study the screw press was used and moisture content was maintained at less than 81%. 

Therefore, it can be said that the screw press will serve the purpose of dewatering during small-scale 

surimi production. 

After washing the fat content decreased from 3.16% to 1.12%. Four washing cycles reduced 

the lipid levels by 64.5%. Lin and Morrissey (1995) reported a 39% reduction of lipid in fresh water 

squawfish mince after third wash. The high level of lipid reduction in the present study might be 

associated with the characteristic of mince that contained less fatty muscle. 

Washing resulted in the decrease in protein content due to removal of sarcoplasmic protein 

(Lin and Park 1996). The dewatered sample contained 14.57% protein, which is less as compared to 

the initial protein content. Many authors have reported the decrease in protein content during washing 

(Bligh and Regier, 1976; Grantham, 1981; Roussel and Cheftel, 1988). 

The unwashed mince was grayish white in colour having a fishy odour. Washing resulted in 

blunt colour and notable reduction in odour of the mince due to removal of pigments and odour 

producing components. Similar result was observed by Nowsad et 81. (1999) in tropical major carp 

mince. 

Surimi is used as frozen material and the denaturation of protein involving loss of solubility, 

water retention capacity, gelling ability and lipid emulsifying capacity are the major problems. This 

problem necessitates a stabilization step against the freeze denaturation, which is an irreversible 

change in the myofibrillar protein namely actomyosin. This occurs due to formation of intramolecular 

cross-linkage caused by ions and ice crystals, chemical interaction of protein with formaldehyde 

generated from TMAO, binding of fatty acids and lipid oxidation product and formation of disulphide 

bond. In the present study sorbitol (4%) and sodium tri-polyphosphate (0.3%) were mixed with the 

dewatered minced meat in order to control the deteriorative changes. 



5.3. Quality changes during storages 

5. 3.1. Nitrogenous compounds 

5.3.1.1. Total volatile base nitrogen (TVB-N) 
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Volatile base nitrogen indicates the production of ammonia, mono-di and trimethylamine 

nitrogen and is found in the common pattern of spoilage. Kimura and Kiamakura (1934) recommended 

a level of 10 mg% or less for fresh fish, 20-30 mg%. at the beginning of spoilage and over 30 mg % for 

spoiled fish. In the present study the TV8-N of fresh fish (2.78mg%) is in concurrence with the above­

mentioned recommendation. It indicates the high quality of raw material. During four months storage 

the TV8-N content of all samples increased gradually (Table-VI). Siddaiah at al. (1999) observed 

increasing trend in the frozen silver carp mince both untreated and treated with sugar, sorbitol and 

sodium tri-polyphosphate. In the present study the increase was more pronounced in whole fish (16.64 

mg%) and dewatered mince meat (17.38 mg %) than the surimi (13.95 mg %) after four months storage 

period. However, the above-cited values indicate that all the samples are in acceptable condition. 

5.3.1.2. Alpha amino nitrogen (AAN) 

The AAN content showed a gradual increasing trend during the storage period in all the 

samples (Table-VII). In the present study AAN content of all samples varied between 26.58 mg% to 

32.41 mg% after four months of storage. Dora (1992) reported that AAN value of Pink perch was 14.33 

mg.% after four months of storage. The increase in AAN indicates the hydrolysis of protein during frozen 

storage (Rao, 1989). Free amino acids produced as a result of hydrolysis of tissue protein may be due 

to the action of muscle proteinase (Myasoedova at al., 1972). The AAN content of surimi is less after 

four months of study as compared to other samples. The effect of cryoprotectants in surimi may be 

responsible for this. 

5.3.1.3. Salt soluble nitrogen (SSN) 

SSN is considered as an index of protein denaturation in fish (Joseph and Perigreen, 1986; 

Shamasundar and Prakash, 1994). There was a gradual fall in the SSN throughout the period of 

storage for all the samples (T ableNnJIhe decrease was more in the dewatered mincemeat. This 

decrease in SSN content can be attributed to the aggregation leading to the insolubilization of 

myofibrillar protein fraction during frozen storage. The beneficial effect of cryoprotectant is indicated by 

higher SSN content (49.20% after four months) in surimi. Sarkar (1997) reported that SSN value of 

Sardine surimi decreased from 74.08% to 50% after four months of frozen storage. 
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The protein denaturation has been effectively minimized by using a combination of sodium tri­

polyphosphate and sorbitol. The phosphate treatment reduces driploss and increases tenderness 

(Ellinger, 1972; Suzuki, 1981) whereas sorbitol protects the ability of surimi to form deformable gels 

(Park et al., 1988). The preferential hydration of protein molecules results in growth of ice particles and 

lesser the extent of protein denaturation (Arakawa and Timasheff, 1982). 

5.3.2. Lipid 

5.3.2.1. Peroxide value (PV) 

Lipid deterioration during frozen storage is one of the most important factors, which affects the 

quality of food directly or indirectly. Auto oxidation by atmospheric oxygen is the major cause of 

oxidative rancidity in fish products, although enzymatic (Iipoxigenase) action and photo oxidation cannot 

be ruled out (Wheaton and Lewson, 1985). The lipid oxidation during storage is monitored by estimating 

the PV, which increased markedly in all the samples (Table-IX). Peroxide value reached a peak after 

three months storage and thereafter decreased. Labuza (1971) stated that the PV is being highly 

unstable, get decomposed to secondary oxidation products accounting for a decrease in its value. 

5.3.2.2. Thiobarbituric acid (TBA) value 

The estimation of malonaldehyde is suggested as a dependable index of the further 

decompostion of peroxides in fish and fishery products (Yu and Sinnhuber, 1957). The TBA value 

showed an increasing trend in all the samples (Table-X). Sinn huber and Yu (1958) reported that good 

quality fish had a TBA number less than 3 whereas products of poor quality had value from 4 to 27. The 

initial TBA value of whole fish (1.14 mg of malonaldehydeikg) indicates high quality of raw material. In 

the present study the TBA value of surimi showed an unacceptable limit along with the other samples at 

the later stage of storage. The disuse of any suitable antioxidant in surimi probably responsible for this. 

However, all the samples showed a sudden decrease of TBA value at the end of four months as 

secondary oxidation products under go further decomposition (Labuza, 1971). 

5.4. pH values 

pH of the fish muscle is considered as an index of its freshness. However, it is not a very useful 

index for frozen stored samples (Botta and Richards, 1973). The pH value of all the samples showed an 

increasing trend after an initial decrease (Table-XI). Similar trend was observed in Silver carp mince 

treated with sugar, sorbitol and sodium tri-polyphosphate (Siddaiah et al., 1999). The increase in pH 

was probably due to the production of basic volatiles. The choice of cryoprotectants determines the pH 
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of surimi. Verma (1992) has recorded a low pH of 5.2 in surimi samples treated with ascorbic acids. 

Generally pH does not vary during the frozen storage. In the present study the variation of pH was very 

less during the storage. The slight fluctuation ranged between 0.1 and 0.3 pH units. The use of 

polyphosphate at 0.3% level did not markedly increase the pH. 

5.5. Sensory characteristics 

The mean sensory scores of whole Common carp, dewatered mince and surimi decreased 

gradually in first three months of storage. But, thereafter, the sensory scores of whole fish and 

dewatered mince decreased abruptly. Whereas, the sensory score of surimi did not decrease 

significantly during entire period of storage and it was in acceptable condition after the experimental 

period. Similar observation has been reported by Siddaiah et al. (1999) for Silver carp mince treated 

with sugar, sorbitol and sodium tri-polyphosphate. 

5.6. Statistical analysis 

The result of ANOVA after four months of storage showed a significant difference (p<0.05) 

between days, attributes and treatment. There was no significant difference (p>O.05) between days and 

attributes. In order to confirm the results of ANOVA, DMRT was performed. Significant difference 

(p<0.05) in sensory scores was found between surimi and other samples (Table-XIV). This might be 

due to the fact that surimi was prepared using cryoprotectants and it had better quality as compared to 

others. Negative correlation was found between SSN and other chemical parameters, whereas PV and 

TBA had positive correlation between them. From the correlation coefficient it can be inferred that it is 

necessary to use different methods to assess the quality of surimi and it is not safe to depend' on a 

single method for quality assessment. It is also important to compare the chemical characteristics with 

sensory characteristics to determine the overall acceptance of surimi. 

5.7. Use of HACCP concept in surimi production 

HACCP is becoming popular as a tool for assurance of quality of fish and fishery product. The 

hazards of each step of surimi production are analyzed and three preventive measures have been 

suggested (Figure-IX). The raw material quality, washing and addition of cryoprotectants are the steps 

that have been identified as critical control point. With respect to product quality the storage 

temperature and packaging are important. In order to prevent the production of defective product 

sufficient care should be taken in monitoring water quality, sanitation of plant and personal hygiene. 



SUMMARY 



59 

~~~~~~~~~==~~~~~ 6. SUMMARY 

The fish consumption pattern in many countries is changing and development of technology 

has helped to produce a variety of fishery products, which can be served after minimum processing. A 

growing field of application is the manufacture of surimi which originated in Japan. It is made by mincing 

the fish flesh, thorough washing, refining, dewatering and stabilizing it. Surimi is prepared using mostly 

white fleshed fish specially Alaska pollock. Still now freshwater fish species have not been used 

considerably as a basic raw material of surimi. A brief summary of the present investigation is given 

below. 

» The present work was taken up to process Common carp (Cyprinus carpio), one of the widely 

cultured freshwater fish. The physical, chemical, microbiological and sensory characteristics of the 

fresh fish were analyzed. 

» The fishes were of the average total length of 28.8 cm and average weight of 535.38 g. 

» The chemical indices such as TVB-N, AAN, SSN, PV and TBA were found well within the limits 

of acceptance. 

» The number of washing cycle, the ratio of water to picked meat and setting time were 

standardized with respect to Common carp minced meat. 

» A repeated washing for 4 times with water to picked meat ratio of 5: 1 and a setting time of 5 

minutes between each washing was found to be sufficient to get a bland, odour free product and 

achieve a 64.5% reduction of fat content. The last washing was done with 0.1% solution of NaCI for 

the easy removal of water during further processing steps. 

» Screw press (traditional type) was used to press out as much water as possible preferably to 

retain less than 80% moisture. The dewatered sample contained 14.57% protein, which is less as 

compared to the picked meat (17.78%). Removal of water-soluble protein during washing is 

responsible for this. 
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~ Two cryoprotectants namely sorbitol and sodium tri-polyphosphate were mixed with dewatered 

mincemeat at a level of 4% and 0.3%, respectively. Since the fat content of the raw material was not 

oJery high (3.16%), no antioxidant was used. 

~ The storage study of whole fish, dewatered mincemeat (OWM) and surimi indicated certain 

9xtent of deteriorative changes in nitrogenous constituent resulting in increase of TV8-N and AAN 

Nhere as the decrease in SSN. The deteriorative changes in lipid fraction ware considerable resulting in 

Increase of PV and TBA. 

~ Substantial benefit was observed in cryoprotectant treated samples during storage. 

~ The decrease in sensory score especially flavour can be attributed to lipid changes during 

storage as no antioxidant was used. 

~ The statistical analysis of the sensory scores confirmed the above-cited findings. 

~ The raw material quality, washing, cryoprotectants and condition of freezing and frozen storage 

have been found to be the critical steps during surimi production. 

~ The present investigation indicates that production and freezing of Common carp surimi could 

offer a potential means of processing fresh water fish. Addition, of suitable cryoprotectants can improve 

the stability of Common carp surimi significantly. 



REFERENCES 



61 

ABDULLAH, M.I. and YU, S.Y., 1985. Effect of freezing and frozen storage on the quality of chub 

mackerel (R. kanagurta). FAO Fish.Rep., No. 317. 

ACTON, J.C., ZIEGLER, G.R. and BURGE, D.L., 1983. Functionality of muscle constituents in the 

processing of comminuted meat products. GRG Grit. Rev. Food Sci. Nutri., 18 (2) : 99. 

ADU, GA, BABBITT, J.K. and CRAWFORD, D.L., 1983. Effect of washing on the nutritional and 

quality characteristics of dried minced rockfish flesh. J.Food Sci .. 48 (4) : 1053-1055. 

AGARWAL, A., RAGHUNATH, M.R and SOLANKI, K.K., 1986. Frozen storage studies of composite 

fish mince from Dhoma (Sciaenid sp.) and Lactarius (Lactarius lactarius). Fish. Technol., 23 (2) 

: 129-133. 

AGGELOUSIS, G. and LAZOS, E.S., 1991. Fatty acid composition of the lipids from eight fresh water 

fish species from Greece. J. Food Compos. Anal. 4 : 68-72. 

AGUILAR PACHECO, R, CRAWFORD, D.L. and LAMPILA, L.E., 1989.Procedure for the efficient 

washing of minced whiting (Mer/uccius productus) flesh for surimi production. J.Food Sci .. , 54 

(2) : 248-252. 

*AJINIMOTO, 1978. Fish Paste Product. Japanese Patent 78023388. 

*AKAHANE, T., 1982. Freeze denaturation of fish muscle proteins, D.Sc. thesis, Sophia. Univ., Tokyo, 

Japan. 

AKAHANE, T., 1983. Processes and formulations for surimi-based products. In : "Pastries to Peanuts". 

Alaska Fisheries Development Foundation, Alaska. (USA) :19-20pp. 

AKASHI, A. and OONO, A., 1972. The preservative effect of egg white lysozyme on unpackaged 

Kamaboko. J. Agric. Chern. Soc. Jap., 47: 177-183. 

ALLEN, J.C., FARAG, RS. and CROOK, E.M., 1979. The metal catalyzed oxidation of aqueous 

emulsion of linoleic acid and trilinolein. J. Appl. Biochem., 1 : 1. 

ALVAREZ, C., COUSO, I. and TEJADA, M., 1995. Sardine surimi gels as affected by salt 

concentration, blending, heat treatment and moisture. J. Food Sci., 60 (3) : 62-626. 

*ALVAREZ, C., COUSO, I., TEJADA, M., SOLAS, M.T. AND FERNANDEZ, K.B., 1992. Action of 

starch and egg white on the texture, water- holding capacity and micro structure in surimi gels. 

In : Quality assurance in the fish industries. Proceedings of an International Conference, 

Copenhagen, Denmark, 26-30 Augus 1991 Huss, H., Jokalesen, M. and Liston, J. (Eds.). 



62 

AN, H., CHUNG, Y.C. and MORRISSEY, M.T., 1992. Prpteolysis of pacific whiting and its inhibition. In : 

Pacific whiting: Harvesting, processing, marketing and qualitY,Sylvia, G. and Morrissey, M.T. 

(Eds.): 36-37pp. 

ANON, 1976. Frozen storage of minced fish muscle as raw material for fabricated foods. In : The 

Swedish Food Institute (Goteborg) Annual Report 75f76. SIK Rapport, No. 403: 14-15 pp. 

ANON, 2001. 1999 World Fish Catch 92.86 mill t. : FAO. Fishing Chimes, 21 (3) : 37-38. 

AOAC, 1995. Official methods of analysis, 16h ed. Association of Official Analytical Chemists. 

Washington D.C. 

ARAI, K., KAWAMURA, K. and HAYASHI, C., 1973. Relative thermostability of actomyosin ATPase 

from the dorsal muscle of various fish species. Bull. Jap. Soc. Sci. Fish., 39 : 1077. 

ARAKAWA, T. and TIMASHEFF, S.N., 1982. Stabilization of protein structure by sugars. Biochem., 21 : 

6536-6544. 

ASGHAR, A., SAMEJIMA, K. and YASUI, T. 1985. Functionality of muscle proteins in gelation 

mechanism of structured meat products. CRC Crit. Rev. in Food Sci. and Nutr., 22 (1) : 27. 

BABBln, J. K., KOURY, B., GRONIGER. H. and SPINELLI, J., 1984. Observations on reprocessing 

frozen Alaska Pollock (Theragra cha/cogramma). J. Food Sci., 49 : 323-326. 

BABBln, J.K., 1986. Suitability of seafood species as raw materials. Food Techno/., 40 (3) : 97-100, 

134. 

BABBln, JK, CRAWFORD,D.L. and LAW, DK, 1972. Decomposition of Trimethylamine oxide and 

changes in protein extractability during frozen storage of minced and intact hake (MerJuccius 

productus) muscle. J. Agric. Food Chem., 20 (5) : 1052-1054. 

BADONIA, R.D. and DEVADASAN, K., 1980. Frozen storage characteristics of ribbon fish. Fish. 

Techno/., 17: 125-126. 

BAILEY, R.S., 1976. Review of the resources available to British' Fisheries with particular reference to 

minced fish technology. In: Proceeding of the Conference on the Production and utilization of 

mechanically recovered fish flesh (Minced fish). J.N. Keay (Ed.). Aberdeen, MAFF, Torry 

Research Station. 9-17 pp. 

BARBUT, S., JOSEPHSON, D.B. and MAURER, A.J., 1985. Antioxidant properties of rosemary 

oleoresin in Turkey sausage. J. Food Sci., 50 : 1359-1363. 

BARRETO, P.L.M., BEIRAO, L.H., SOLDI, M.S: and SOLDI, V., 2000. Studies on differential scanning 

calorimetry-and thermogravimetry of Tilapia (Oreochromis niloticus) surimi, surimi/starch and 

surimi/.starch/carrageenum systems. J. Aquat. Food Prod. Techno/., 66 (4) : 726-730. 

*BATE -SMITH, E.C., 1948. Advances in Food Res., 1 : 1-38. 

*BAUTE, S., 1994. Personal Communication. Pfizer, Inc., New York. 



63 

BEAS, V.E. and CRUPKIN, M., 1990. Protein-protein interactions in gel of pre and post spawning fish 

actomyosin. In : Chilling and Freezing of New Fish products, International Institute of 

Refrigeration Paris, France. 269-275 pp. 

BERA, M.B. and MUKHERJEE, RK., 1989. Solubility, emulsifying and foaming properties of Rice bran 

protein concentrates. J. Food Sci., 54 (1): 142-145. 

*BERNHEIM, F., BERNHEIM, M.L.C. and WILBUR, K.M., 1948. J. Bioi. Chem., 174,257. 

BHAT, G.A., 1983. Canning of Indian major carp, Mrigal (Cirrhunas mriga/a). Master's Thesis, Univ. of 

Agric. ScL, Bangalore. 

*BIGELOW, C.C., 1967. On the average hydrophobicity of proteins and the relation between it and 

protein structure. J. Theor. Bio/., 16: 187-211. 

BIMBO, AP., ANDERSON, C.F., HURLEY, T., MOORE, R, MEANS, R and KORHONEN, R, 1988. 

US Manhaden surimi production: a progress report. In : Fatty fish utilization: upgrading from 

feed to food. Proceeding of a national technical conference in Raleigh. N. Davia (Ed.), UNC. 

Sea Grant College Publication 80-04, North Carolina State University. 41-76 pp. 

*BLlGH, E.G. and REGIER, L.W., 1976. The potential and limitations of minced fish. In : Proceeding of 

the conference on the production and utilization of mechanically recovered fish flesh (minced 

fish), J.N. Key (Ed.), Aberdeen, MAFF, Torry. 

BODERIAS, AJ., COLMENERO, J.F., and TEJADA, M., 1985. Viscosity and emulsifying ability of fish 

and chicken muscle protein. J. Food Techno/., 20 : 31-42. 

*BORDERIAS, AJ. and TEJADA, M., 1981. Report of the technical consultation of the utilization of 

small pelagic species in the Mediterranean Area, Madrid. 

BORDERIAS, AJ., MORAL, A, TEJADA, M. and GAREIA MATAMOROS, E., 1978. Studies on the 

stability of frozen minced fish obtained from blue whiting (Michromesistius poutassou) by the 

'cutor'extrusion and mincing methods. In : Abstracts of the Congress fifth International 

Congress of Food Science and Technology, Kyoto, Japan, 17-22 September 1978, 126 pp. 

BOnA, T.R and RICHARDS, J.F., 1973. Flesh, pH, color, thaw drip and mineral concentration of 

pacific halibut (Hippog/ossus stenoJepis) and chinook salmon (Oncorhynchus tschawytscha) 

frozen at sea. J. Fish. Res. Bd. Can., 30 : 71. 

*BOURN, M.C., 1982. Food texture and viscosity. In : Food Science and Technology. A series of 

Monographs. Stewart, G.F., Schweigert, B.S. and Hawthorn, J. (Eds.). 

BOUTON, P.E., HARRIS, P.V. and SHORTHOSE, W.R, 1971. Effect of ultimate pH upon the water 

holding capacity and tenderness of mutton. ). Food Sci., 36 : 435. 

BREMNER. H.A. and SNELL, P.J.I., 1978. Chemical and taste panel tests on the mechanically 

separated flesh of six tropical fish species. In: Proceedings of Indo-pacific fishery commission, 



64 

18111 Session Symp. On fish utilization technology and marketing in the IPFC region, Manila, 

Philippines, 8-17, March 1978, 288-302 pp. 

BREMNER, HA, 1980. Processing and freezing of the flesh of the blue grenadier (Macruronus 

kavaezelandiae). Food Technol. Aust., 32: 385. 

BREMNER, HA,1977. Storage trials on the mechanically separated flesh of three Australian mid-water 

fish species. Food Technol. Aust., 29 (3) : 89-93. 

BRITTLE, M. and LAVOIE, L., 1992. Foaming properties of proteins as affected by concentration. J. 

Food Sci., 57 (5): 1219-1222, 1241. 

BROTSKY, G.B., 1-980. Ingredients for product development. I. Polyphosphates. In: The Third National 

Technical Seminar on the_mechanical recovery and utilization of fish, (Abstracts). Organized by 

Brooker, J.R and Martin, RE., Raleigh, USA, 1-3 December 1980, No.25. 

BURGARELLA, J.C., LANIER, T.C. and HAMANN, D.o., 1985. Effects of added egg white or whey 

protein concentrate on thermal transitions in rigidity of croaker surimi. J. Food Sci., 50 : 1588-

1594,1606. 

BURGES, G.H.O., 1975. Fish in the nations diet. Community Health, 7 (2) : 86-93. 

BUTTKUS, H., 1970. Accelerated denaturation of myosin in frozen solution. J. Food Sci., 35: 558-562. 

CANTE, C.J., FRANZEN, RW. and SALULE, FL, 1979. Protein as emulsifiers: methods for 

assessing the role. J. Am. Oil Chern. Soc., 56 :71a. 

CARVAR, J.H. and KING, F.J., 1971. Fish serap offers high quality protein. Food Eng., 43 (1) : 75-76. 

CASTELL, C.H. and BISHOP, D.M., 1969. Effect of hematin compounds on the development of 

rancidity in muscle of cod, flounder, scallop and lobster. J. Fish. Res. Bd. Can., 26 : 2299. 

CASTELL, C.H., 1971. Metal catalyzed lipid oxidation and changes of protein in fish. J. Am. Oil Chern. 

Soc., 48:_ 645-649. 

CHAN, J.K., GILL, TA and PAULSON, A.T., 1993. Thermal aggregation of myosin subfragments from 

cod and herring. J. Food Sci., 58: 1057-1061. 

CHANG-LEE, M.V., LAMPI LA, L.E. and CRAWFORD, D.L., 1990. Yield and composition of surimi from 

Pacific Whiting (Mer/uccius productus) and the effect of various protein additives on gel 

strength. J. Food Sci., 55 : 83-86. 

CHANG-LEE, M.V., PACHECO - AGUILAR, R, CRAWFORD, D.L. and LAMPILA, L.E., 1989. 

Proteolytic activity of surimi from Pacific Whiting (Mer/uccius productus) and heat-set gel 

texture. J. Food Sci., 54: 1116-1119, 1124. 

CHEN, H.H., 1995. Thermal stability and gel forming ability of Shark muscle related to ionic strength. J. 

Food Sci., 60 (6) : 1237-1240. 



65 

CHERRY, J.P. and McWATIERS, KA, 1981. Whippability and aeration. In : Protein functionality in 

foods, Cherry, J.P. (Ed.). ACS Symposium series, 147: 149. 

CHUNG, K.H. and LEE, C.M., 1990. Relationships between physicochemical properties of nonfish 

protein and textural properties of protein incorporated surimi gel. J. Food Sci., 55 : 972-979. 

CHUNG, KH. and LEE, C.M., 1991. Water binding and Ingredient dispersion pattern effects on surimi 

gel texture. J. Food Sci., 56 (5): 1263-1266. 

CHUNG, Y.C., GEBREHIWOT, A, FARKAS, D.F. and MORRRISSEY, M.T., 1994. Gelation of surimi 

by high hydrostatic pressure. J. Food Sci., 59 (3) : 523-524, 543. 

COFRADES, S., CARECHE, M., CARBALLO, J. and JIMENEZ COLMENERK, F.J., 1993. Protein 

concentration, pH and Ionic strength affect apparent viscosity of actomyosin. J. Food Sci., 58 

(6) : 1269-1272. 

COLMENERO, F.J. and BORDER lAS, AJ., 1983. A study of the effects of frozen storage on certain 

functional properties of meat and fish protein. J. Food Technol., 18 : 731. 

*COLMENERO, F.J., TEJEDA, M. and BORDERIAS, AJ., 1988.Effect of seasonal variations on 

proteins functional properties of fish during frozen storage. J. Food Biochem., 12 : 159-170. 

CONNELL, J.J., 1980. Control of fish quality. Fishing News Books Ltd., Survey, England, 177 pp. 

CRAWFORD, D.L., LAW, DK, BABBln, J.K and McGill, L.S., 1972. Yield and acceptability of 

machine separated minced fish from some marine food fish. J. Food Sci., 37 : 551. 

*DASSOW, J.A. and STEINBERG, M.A., 1973. The technological basis for development of aquaculture 

to produce low-cost food fish. Mar.FishRev., 35 (11) : 6-13 (FSTA 74-05R0250). 

*DASSOW, J.A., 1980. Resources. 1. North Pacific/Alaska. In : The third National technical Seminar on 

the mechanical recovery and utilization of fish. Abstracts. Organized by J.R. Brooker and R.E. 

Martin. Raleigh, USA, 1-3 December 1980,No.2. 

DAVID, S.R, 1978. Functional properties of proteins including emulsification 1FT Section symposium. 

Procter department of food and leather science, University of heads. 168 -170 pp. 

*DAWSON, L.E. and PRICE, J.F., 1979. Increasing the economic value of Michigan commercial fishery 

through the utilization of carp. (SSIE GBP-4390). 

*DECKER, E.A and HULTIN, H.O., 1990 b. Nonenzymic catalysts of lipid oxidation in Mackeral muscle. 

J. Food Sci., 55: 951. 

DeKANTREWICZ, RJ., ELIZALDE, B.E., PILOSD, A.M.R and BARTHOLOMAI, G.l.B., 1987. Water-oil 

absorption index (WOAI) : a simple method for predicting the emulsifying capacity of food 

proteins. J. Food Sci., 52 : 1381. 



66 

DENG. J.C .. MATTHEWS, RF. and WATSON, C.M., 1977. Effect of chemical and physical treatments 

on rancidity development of frozen mullet (Mugi/ cepha/us) fillets. J. Food Sci., 42 (2) : 344-

347. 

DINGLE, J.R. AUBUT, W.D., LEMON, D.W. and ROBSON, W., 1974. Measurement of the bone 

content in minced fish flesh. Fisheries and Marine Service New Series Circular, NO.44. 

DOEBBLER, G.F. and RINFRET, A.P., 1962. The influence of protective compounds and cooling and 

warming conditions on haemolysis of erythrocytes by freezing and thawing. Biochem. Biophys. 

Acta .. 58 : 449. 

DORA, K.C.. 1992. Preparation and preservation of fish mince from low fatty fishes (Nemipterus 

japonicous and Johnius spp) suitable for high gelly paste product. Ph.D. Thesis, Univ. of Agric. 

Sci.. Bangalore. 

DOUGLAS- SCHWARZ, M. and LEE, C.M., 1988. Comparison of the thermostability of Red hake and 

Alaska pollack surimi during processing. J. Food Sci., 53 (6): 1351. 

1rDYER, D.J., FRENCH, H.V. and SNOW, J.M., 1950. Proteins in fish muscle. I. Extraction of protein 

fraction in flesh. J. Fish. Res. Bd. Can., 7 : 585-593. 

EIC. 1995. Manual of Analytical Methods for Fish and Fishery Products. Quality Development Centre. 

Minstry of Commerce, Govt. of India, Madras. 

DYER, W.J., MORTON, M.L., FRAZER, 0.1. and BLIGH, E.G., 1956. Storage of frozen rase fish fillets. 

J. Fish. Res. Bd. Can., 13:569-579. 

ELLINGER, RH., 1972. Phosphaytes in food processing. In : Handbook of Food additives. Furia, T.E., 

(Ed.). Part I, 2nd Ed. CRC Press. Cleveland. 617 pp. 

ELLIOT, E.L., 1986. Microbiological quality of Alaska Pollock surimi. In.: Seafood Quality Determination, 

proceedings of an International Symposium held 10-14 November, 1986. Kramer D.E. and 

Liston J. (Eds.). Elsevier Science Publishers, Amsterdam, Netherlands. 

FAO, 2000. Year book of fishery statistics: Aquaculture Production (Rome: 2000) 

FAO, 1992. The marine resources, Part 1. Fishery Resources and Environment Division, Marine 

Resources Service, Fisheries Department, FAO Fisheries Circular, 710, 53 pp. 

FARR, D., 1990. High pressure technology in the food industry. Trends Food Sci. Techno/., 1(1) : 14-

16. 

FENNEMA, O.R., 1973. Nature of the freezing process. In : Low temperature preservation of foods and 

living matter. Fennema, O.R, Powrie, W.O. and Marth, E.H. (Eds.) Marcell dekker. New York 

151-239 pp. 



67 

FINNE, G., NICKELSON, R, QUIMBY, A. and CONNALLY, N., 1980. Minced fish flesh from non­

traditional Gulf of Mexico finfish species: Yield and Composition. J. Food Sci., 45 (5) : 1327-

1329. 

FISCHER. J. and DENG, J.C., 1977. Catalysis of lipid oxidation: a study of mullet (MugiJ cepha/us) dark 

flesh and emulsion model system. J. Food Sci., 42 : 610. 

FLICK, G.J., BARUA, M.A. and ENRIQUEZ, L.G., 1990. Processing finfish. In: The seafood industries. 

Martin, RT. and Flick, G.J. (Eds.). Van Nostrand Reinhold. 139-142 pp. 

FRIMODT, C., 1995. Illustrated multilingual guide to the world's commercial warmwater fish. Fishing 

News Books. 48-49 pp. 

FUJITA, Y., MIYAMOTO, M., and MATSUDA, T., 1974. The brown discoloration in fish jelly products. 

VI. A new browning bacteria isolated from frozen surimi. Bull. Jap. Soc. Sci. Fish, 40 : 825-833. 

*FUJIWARA, 1976. Minced fish product. Japanese patent 1054943. 

FUKUDA, Y., KAKEHETA, K and ARAI, K., 1981. Denaturation of myofibrillar protein in deep-sea fish 

by freezing and frozen storage. Bull. Jap. Soc. Sci. Fish., 47 : 683-672. 

FUNATSU, Y. and ARAI, K, 1992. Changes in gel forming ability and myosin heavy chain of salt 

ground meat by acid treatment of surimi from Walleye pollack. Nippon Suisun Gakkaishi, 58: 

349-357. 

GANDHI, SK. SCHULTZ, J.R, BOUGHEY, F.W. and FORSYTHE, RH., 1968. Chemical modification 

of egg white with 3,3-dimethyglutaric anhydride. J .Food Sci., 33 :163. 

GASKA, M.T. and REGENSTEIN, J.E., 1982a. Timed emulsification studies with cheicken breast 

muscle soluble and insoluble myofibrillar proteins. J. Food Sci., 47 : 1438-1443. 

GASKA, M.T. and REGENSTEIN, J.M., 1982b. Timed emulsification studies with cheicken breast 

muscle: Whole musce, low salt washed muscle and low salt soluble proteins. J. Food Sci., 47 : 

1450-1462. 

GERALD, 0., DAVID, R And JOHN, T., 1983. In : Recent advances in the chemistry of meat. Allen 

Baisley (Ed.). ARC Meat Research Institute Langford, The Royal Society of Chemistry, 

Burlington House, London. 71-86 pp. 

GILL, T.A., KEITH, RA. and SMITH-LALL, B., 1979. Textural deterioration of red hake and haddock 

muscle in frozen storage as related to chemical parameters and changes in the myofibrillar 

proteins. J. Food Sci., 44 : 661-667. 

GNASAMBANDAM, R. and ZAYAS, J.F., 1992. Functionality of wheat germ protein in comminuted 

meat products' as compared with com. The emulsifying capacity of fish proteins. In: 

Proceedings of the Fourth Intrernational Congress of Food Science and Technology. 

Brabowska, J. and Sikorski, Z.E. (Eds.). Madrid, Topic 2, 5-7 pp. 



68 

GRABOWSKA, J. and SIKORSKI, Z.E., 1974. The emulsifying capacity of fish proteins. In: Proceeding 

of the Fourth International Congress of Food Sci. Tech. Madrid, 2 pp. 

GRABOWSKA, J. and SIKORSKI, Z.E., 1976. The gel forming capacity of fish myofibrillar proteins. 

Lebensm Wiss U. Techno/., 9 : 33. 

GRABOWSKA, J. et a/.,1975. Effect of processing on rheological properties of minced fish. przemysl. 

Spozyus., 29 (2) : 76-8 (Cited: Grantham, 1981). 

GRANTHAM, G.J., 1981. Mince fish technology. A Review. FAO Fisheries Technical paper, 216. 

GRONINGER, H., HAWKER, J.W. and BABBITT, J.K., 1983. Functional and morphological changes in 

processed frozen fish muscle. J. Food Sci., 48 : 1388-1390. 

GRONINGER, H., KUDA, G., PORTER, R and MILLER, R, 1985. Preparation and evaluation of surimi 

from Pacific whiting (Merliccius productus). In : Proceedings of the International Symposium on 

Engineered Sea-food including surimi. R. Martin and R. Collette (Eds.). 199-210. National 

Fisheries Institute Washington D.C. 

*HALLlNG, P.J., 1981. Protein Stabilized foams and emulsions. CRC Crit, Rev. Food Sci., 15: 55. 

HAMANN, D.o., AMATO, P.M., WU, M.C., and FOEGEDING, E.A., 1990. Inhibition of modori (Gel 

weakening) in surimi by plasma hydrolysate and egg white. J. Food Sci., 55 : 665-669. 

HAMM, R. and DEATHERAGE, F. E., 1960. Changes in hydration, solubility and charges of muscle 

proteins during heating of meat. Food Res., 25 : 587. 

HASHIMOTO, A., KABAYASHI, A. and ARAI, K., 1982. Therrnostability of myofibrillar CaATPase and 

adaptation to environment temperature. BUll. Jap. Soc. Sci. Fish., 48 : 671-684. 

HASSAN. F. and MATHEW. S .• 1999. Physico-chemical, mierobiological and sensory characteristics of 

wased fish mince prepared from some selected species of fish. J. Food Sci. Techno/ .. 236 (5) : 

459-462. 

HASTING. RF., KEAY, F.N. and YOUNG, KW .. 1992. Properties of surimi and derived gels from 

pelagic fish. In: Pelagic fish. The resource and its explOitation. Burt, J.R., Hardy, R. and Whittle. 

K.J. (Eds.). Fishing News books. 317-324 pp. 

HERMANSSON, A.M., SRVIK, B., SKJOLDEBRAMD. C., 1972. Functional properties of protein: 

Swelling of fish protein concentrates, Chern. Abs, 76 : 981-994. 

HERMANSSON. A.M. and AKESSON, C., 1975. Functional properties of added proteins correlated with 

properties of meat systems. Effect of various parameters. J. Food Sci., 40 : 595-603,611. 

*HICE, J. and WEBB. G., 1985. Method for producing a restructured food product. U.S. Patent 4 : 

497,844. 



70 

ISHIKAWA, S., 1978. Fish jelly product (Kamaboko) and frozen minced meat (frozen surimi) made of 

sardine. III Influence of the temperature during the manufacturing process on the jelly strength 

of Kamaboko. Bull. Tokai Reg. Fish. Res. Lab.,. 94: 37-44. 

ISHIKAWA, S., NAKAMURA, K. FUJII, Y., YAMANO, G., SUGIYAMA, T., SHINOZAKI, K., TOBITA, K. 

and YAMAGUCHI, Y., 1979. Fish jelly product (Kamaboko)and frozen minced meat (frozen 

surimi) made of sardine. Influence of treatment methods for materials just after catching on the 

Kamaboko forming ability of sardine meat. Bull. Tokai Reg. Fish. Res. Lab., 99 : 31-42. 

ISHIKAWA, Y., 1996. World surimi market out look. Infofish International 1/96 : 16-20 pp. 

ISMOND, MAH. and TONOGAI, J.R., 1994. Manitoba whitefish (Coregonus c/upeaformis) potentials 

for fabrication of texturized seafood analogs. J. Food Sci., 59 (3) : 501-503. 

ISO, N, MIZUNO, H., SAITO, T., LIN, C.Y., FUJITA, T. and NAGASHISA,E., 1985. The effect of 

additives (egg white and soy protein) on the rheological properties of Kamaboko. Nippon 

Suisan Gakkaishi, 51 : 485-488. 

ITOH, Y., YOSHINAKA, R. and IKEDA, S., 1979. Effects of cysteine and cystine on the gel formation of 

fish meat by heating. Bull. Jap. Soc. Fish., 45: 341-345. 

JACKOBSEN, M., 1993. Quality management-ISO 9000.lnfofish International, 2: 31-36. 

*JACOBS, M.B., 1958.The chemical analysis of foods and food products. New York Krieger Publishing 

Co. Inc. 393-394 pp. 

*JIANG , S.T., 1984. Effect of free amino acid and freezing conditions on the protein denaturation of 

frozen fish. Doctoral Dissertation University of Rhode Island. 

JOHNSTON, I.A., DAVISON, W., and GOLDSPRUNK, G., 1975. Adoptations in Mg2+ activated 

myofibrillar ATPase activity induced by temperature acclimation. FEB's Lett., 50 : 193-195. 

JOSEPH, J. and PERIGREEN, P.A., 1986. The effect of washing on the quality of minced catfish during 

frozen storages. Fish. Technol., 23 (1) : 49-51. 

JOSEPH, J., GEORGE, C. and PERIGREEN, P.A., 1989. Studies on minced fish storage and quality 

improvement. J. Mar. BioI. Assoc. India., 31 : 247-251. 

KAMATH; G.G., LANIER, T.C., FOEGEDING, E.A. and HAMANN, D.O., 1992. Non-disulfide covalent 

cross-linking of myosin heavy chain in selling of Alaska pollock and AUantic croaker surimi. J. 

Food Biochem., 16 :151-172. 

KARMAS, E. and LAUBER, E. 1987. Novel products from under utilized fish using combined 

processing technology. J. Food Sci., 5 : 79. 

*KASARIC, N. and NG, D.C.M.,1983. Some functional properties of milk protein calcium co­

precipitates. Can. Inst. Food Sci. Technol., 16: 141. 

*KAWANA, F., 1988. Crustacean farming process. U.S.Patent. 4: 120-391. 



71 

KE, P. J., LINKE, B. A and SMITH-LALL, B., 1982. Quality preservation and shelf life estimation of 

frozen fish in terms of oxidative rancidity development. Lebensm -Wiss. U-Technol .,15: 203. 

KE, P.J., ACKMAN, R.G., LINK, BA and NASH, D.M., 1977. Defferentiallipid oxidation in various parts 

of frozen mackerel. Food Technol., 12: 37-47. 

KEAY, J.N., 1979. Minced fish. Torry advic Note, (79). 

*KENNEY, AP., 1992. Hazard Analysis Critical Control Point (HACCP) implementation-Making it 

works. In : Seafood Sci. and Technology. Bligh, E.G., (Ed.), Fishing News Books. 

*KIM, B. Y., HAMANN, D.O., LANIER, T.C. and WU, M.C., 1985. Effect of cyclic freezing -thawing on 

the viscosity and gel forming properties of surimi (Abstr.). 45th Ann. Meet. Inst. Food Technol., 

Atlanta. 

KIM, B.Y., HAMANN, D.o., LANIER, T.C. and WU, M.C., 1986. Effect of freeze thaw abuse on the 

viscosity and gel forming properties of surimi from two species. J. Food Sci., 51 (4) : 951-956. 

KIM, J.M., L1U, C.H., EUN, J.B., PARK, J.W., OSHIMI, R., HAYASHI, K., OTT, B., ARAMAKI, T., 

SCKINE, M., HORIKITA, Y., KUJIMOTO, K. ALKAWA, T., WELCH, I. and LONG., 1996. Surimi 

from fillet frames of channel catfish. J. Food. Sci., 61 (2) : 428-488. 

KIMURA, K. and KIAMAKURA, S., 1934. Detection of the onset of decomposition in fish meat as shown 

by the content of ammonia. Proc. 5th Pacific Sci. Congr., 5: 3709-3712. 

*KING, F.J., ANDERSON, M.L. and STEINBERG, MA, 1971. Mechines for recovery of fish flesh from 

bones (NTIS Com-72-1 0718). 

KINSELLA, J.E., 1976, Functional properties of protein in foods. A survey. CRC Crit. Rev.Food Sci. 

Nutr., 1 : 219. 

KINSELLA., J.E., 1982. Relationship between structural and functionalo properties offood proteins. In : 

Food protein. Fox, P.F. and Condon, J.J. (Eds.). Applied Science Publisher, New York, 51-103 

pp. 

KLESK, K., YONGSAWATDIGUL, J; PARK, J.W., VIRATCHAKUL, S. and VIRULAKUL, P., 2000. Gel 

forming ability of tropical Tilapia surimi as compared with Alaska Pollock and Pacific whiting 

surimi. J.Aquat. Food Prod. Technol., 9 (3) : 91-104. 

*KONAGAYA, S. and KONAGAYA, T., 1979.Bull. Jap. Soc. Sci. Fish. 45: 245. 

KONAGAYA, S., 1985. Proteases responsible for softening lysing of meat of chum salmon caught 

during spawning migration. Bull. Tokai Reg. Fish. Res. Lab., 116: 39-47. 

KONING, De, AJ., MILKOVITCH, S. and MOL, T., 1985. Quantitative quality tests for frozen fish: Part I. 

Changes in the proteins and lipids of frozen hake fillets and mince stored at -50C. In : Thirty­

ninth Annual Report of the Director, Fishing Industry Research Institute, University of Cape 

Town, Rondebosch, South Africa. 



72 

*KOSIBA, E. and JAWAREK, R.A., 1979. Technological properties of meat mechanically separated 

from cooked bones. Proc. fur. Meat Res. work, 871 pp. 

KOTAH, H., HASHIMOTO, A. NAKAGAWA, N. and ARAI, K., 1989. A New attempt to improve the 

quality of frozen surimi from pacific mackerel and sardine by underater mincing of raw 

materials. Bull. Japan Soc. Sci. Fish., 55 : 507-513. 

KRZYNOWEK JUDITH, DENISE PETON and KATE WIGGIN. 1984. Proximate composition, 

cholesterol, and calcium content in mechanically separated fish flesh from three species of the 

gadidae family. J. Food Sci., 49 : 1182-1185 pp. 

LABUZA, T.P., 1971. Kinetics of lipid oxidation in foods. Crit. Rev. Food Techno/ .• 2 : 355-395. 

*LAJOLINNA, P., LAINE, J. and LlNKO, P., 1983. Quality changes in minced fish during cold and 

frozen storage. In : Thermal processing and quality of foods. Zerthan et a/., (Eds.). Elsevier 

Applied Science Publishers Ltd. 

LANGMYHR, F., OPSTVEDT, J., OFSTAD, R., SORENSEN, N.K. and FIDE, 0., 1988. Potential 

conversion of North Atlantic fatty species into surimi and surimi-derived products. In : Fatty fish 

utilization. Upgrading from feed to food. Proceedings of a National Technical Conference in 

Raleigh, Davis, N. (Ed.).UNC.Sea Grant College Publication 88-04. North Crolina State 

University. 79-117 pp. 

LANIER, T.C. and AKAHANE, T., 1984. Antidenaturant for food products. U.S. patent 675145. 

LANIER, T.C. and LEE, C.M., 1992 Surimi Technology. Marcel Dekker. Inc. (Pub): New York, 520 pp. 

LANIER, T.C. and REGENSTEIN, J.M., 1986. Surimi boon or boondoggl. Two food scientists offer 

differing views. Seafood leader (winter), 152,154-155,157-158,160-162 pp. 

LANIER, T.C., 1984. Suitability of red hake (Urophycis chuss) and silver hake (Merluccius billinearis), 

for processing into surimi. Mar. Fish Rev., 46 (2) : 43. 

LANIER, T.C., 1986. Functional properties of surimi. Food Techno/., 40 (3): 107-114. 

LANIER, T.C., HAMANN, D.O. and WU, M.C., 1985. Development of methods for quality and 

functionality assessment of surimi and minced fish to be used in gel-type food products. Final 

report. Alaska Fisheries Development Foundation. Anchorage, AK. 

LANIER, T.C., LIN, T.S., HAMANN, D.O. and THOMAS, F.B., 1981. Effects of alkaline protease in 

minced fish on texture of heat-processed gells. J. Foods Sci., 46: 1643-1645. 

LANIER, T.C., LIN, T.S., LlU, Y.M. and HAMANN, D.O., 1982. Heat gelation properties of actomyosin 

and surimi prepared from Atlantic croaker. J. Food Sci., 47 : 1921. 

LANIER, T.C., LIN., T.S., HAMANN, D.O. and THOMAS, F.B., 1980. Gel formation in comminuted fish 

systems. 3rd National Technical Seminar on Mechanical Recovery and Utilization of Fish 

Flesh,181 pp. 



73 

LARMOND, E., 1977. Laboratotry methods for sensory evaluation of food. Canada Department of 

Agriculture, Publication 1637. 

*LE MESTE, M., COLAS, B., SIMATOS, D., CLOSS, B., COURTHAUDEN, J.L. and LERIENT, D., 

1990. Contribution of protein flexibility to the foaming properties of casein. J. Food Sci., 55 (5) : 

1445-1447. 

*LEE, C.M, and CHUNG, K.H., 1989. Analysis of surimi gel properties by compression and penetration 

tests. J. Text. Stud., 20 : 363. 

LEE, C.M., 1984. Surimi process technology. Food Techno/., 38 : 69-80. 

LEE, C.M., 1985. A pilot plant study of surimi-making properties of Red hake. Paper no. 20., presented 

at International Symposium on Engineered Sea Food including surimi, Seattle, Washington, 

Nov. 19-21 pp. 

LEE, C.M., 1986. Surimi manufactUring and fabrication of surimi-based products. Food Techno/., 40: 

115-124. 

LEE. C.M. and KIM, J.M., 1985. Texture and freeze thaw stability of surimi gel in relation to ingredients 

and formation. In : Proceeding of the Intemational Symposium on Engincered Seafood 

Including Surimi, National Fisheries Institute, Washington D.C.168 pp. 

LEINOT, A., OZENNE, C. and CHEFTEL, F.C., 1992. Influence of chilled and frozen storage of 

sardines on the gelling properties of surimi. Pelagic Fish. 214-221 pp. 

LEMMERS, HAM., 1991. Optimization of ingredients in processed poultry products, milk protein 

additives for improvement of quality. Fleischerei, 42 : 766-768,773-775. 

L1CCIARDELLO, J.J. and HILL, W. S., 1978. Microbiological quality of commercial frozen minced fish 

block. J. Food Protect., 41 : 948-952. 

LIN, D., and MORRISSEY, M.T., 1995. Northern squawfish (ptychocheilus oregonensis) for surimi 

production. J. Food Sci., 60 (6) : 1245-1247. 

LIN, T.M. and PARK, J.W., 1996. Extraction of proteins from pacific whiting mince at various washing 

conditions. J. Food Sci., 61 : 432-438. 

LIN, T.M., PARK, J.W. and MORRISSEY, M.T., 1995. Recovered protein and reconditioned water from 

surimi processing waste. J. Food Sci., 60 : 4-9. 

L1~, T.S. and LANIER, T.C., 1980. Properties of an alkaline protease from the skeletal muscle of 

Atlantic croaker. J. Food Biochemistry, 4 :17. 

LISTON, J., STANSBY, M.E. and OLCOTT, H.S., 1976. Bacteriological and chemical basis for 

deteriorative changes. In : Industrial Fishery Technology. Stansby, M.E. (Ed.) Robert E. 

Krieger, New York. 345-358 pp. 



74 

MacDONALD, G.A. and LANIER. T.C., 1991. Carbohydrates as cryoprotactant for meats and surimi. 

Food Technol., 45 (3) :150-159. 

MacDONALD, GA, LEVLlEVRE, J. and WILSON, N.D.C., 1990. The strength of gels prepared form 

washed and unwashed minced of Hoki (Macruronus novaezelandial) stored in ice. J. Food Sci., 

55 : 976-978,982. 

MAl, J. and KINSELLA, J.E., 1979. Changes in lipid composition of cooked minced carp (Cyprinus 

carpio) during frozen storage. J. Food Sci., 44: 1619-1624. 

MAKINODAN, Y. and IKEDA, S., 1971. Studies on fish muscle protease. Bull. Jap. Soc. Sci. Fish., 37 : 

518. 

MAKINODAN, Y., KITAGAWA, T. TOYOHARA, H. and SIMUTZU, Y., 1987. Participation of muscle 

alkaline protinase in Modori of Kamboko. Nippon Suisan Gakkaishi, 53:49-101. 

MARTIN, RE., 1976. Mechanically-deboned fish flesh. Food Technol., 30:64-70. 

MATSUMOTO, J.J., 1979. Denaturation of muscle proteins during frozen storage. In: Proteins at low 

temperatures, O.Fennema (Ed.), ACS Symp. Series 180, Am. Chem. Soc., Washington D.C. 

205-224 pp. 

MATSUMOTO, J.J. 1980. Denaturation of fish muscle proteins during frozen storage. In : Chemical 

detioration of proteins. Whitaker, J.R, and Fugimaki, M.(Eds.). ACS sympseris, No. 123, 

Washington D.C. 95-127 pp. 

MATSUMOTO, J.J. and NOGUCHI, S.F., 1992. Cryostabilization of protein in surimi. In : Surimi 

Technology. T.C. Lanier and C.M. Lee (Eds.). Marcel Dekker, Inc., New York. 357-388 pp. 

MATTIL, K.T., 1971. The functional requirements of proteins in foods. J. Am. Oil Chem. Soc., 48: 477. 

McDONALD, RE., KELLEHER, S.D. and HULTIN, H.O., 1979. Membrane lipid oxidation in a 

microsomal fraction of red hake muscle. J. Food Biochem., 3 : 125. 

MESTIRI, F., VERREZ, V., HAN-CHING, M., CARDINAl, and FEROME, M., 1992. Oxidation of frozen 

sardine mince. Effect of washing and antioxidants addition. In : Pelagic Fish: The resource and 

its exploitation. Burt, J.R. et. al., (Eds.). Fishing News Books Ltd., London. 148-156 pp. 

*MIGITA, M., 1961. Bull. Jap. Soc. Sci. Fish. 27 : 934-945. 

MILLS, A., 1975. Measuring changes that occur during frozen storage of fish. A review. J. Food 

Technol., 10 : 483. 

MISHRA, Rand SRIKAR, L.N., 1989. Shelf-life of frozen stored clam (Meretrix casta) meat. J. Food 

Sci. Tech., 26 : 201-204. 

MIYAKE, M. and HAYASHI, K., 1956. Studies on fish jellies. 2. Content of the myosin fraction in fish 

muscle. Bull. Jap. Soc. Sci. Fish. ,22: 48. 



75 

MIYAKE, Y., HIRASAWA, Y. and MIYANABE, M., 1985. Surimi : Technology of Surimi manufacturing. 

Infofish International,S: 29-32 pp. 

MIYAUCHI, D. and STEINBERG, M., 1970. Machine separation of edible flesh from fish. Fishery 

Industrial Res., 6 : 165. 

MIYAUCHI, D., KUDO, G. and PATASHNIK, M., 1973. Surimi (A semiprocessed wet fish protein). 

Marine Fisheries Research Paper, 1026, Mar. Fish. Rev., 35 (12) : 7-9. 

MONTEJANO, J.G. HAMANN, D.o. and LANIER,T.C., 1984. Thermally induced gelation of selected 

comminuted muscle systems. Rheological changes during processing, final strengths and 

microstructure. J. Food Sci., 49: 1496-15505. 

*MONTIEL, M.J., MORRISEY, M.T. and ARGON, T., 1987. Proceso, Mejora miento de propiedades 

functionals Y. Application E.N. Alimentos de surimi de sardina Y. Liza. Premio naicol de 

sciencia Y. Technologia de alimentos. (organizado por consejo. Nacional de ciencia. Y., 

Teendia, Y., Coca cola, SA Mexico, OF). 

MORI, K., SAWADA. H .• NABETANI. 0 .. MARUO. S. and HIRANO, T.. 1973a. Studies on the spoilage 

of fish jelly products. I. Softening spoilage of film packaged Kamaboko due to Bacillus 

Iicheniformis. Bull. Jpn. Soc. Sci. Fish. 39: 1063-1069. 

MORI. K.. NABETANI. 0 .. MARUO. S .• and HIRANO. T .• 1973b. Studies on the spoilage of fish jelly 

products. II. The inner slimy substance in softened spoilage parts of Kamaboko. produced by 

Bacillus licheniformis. Bull. Jap. Soc. Sci. Fish. 39: 1071-1076. 

MORRIS. D.M. and DAWSON. L.E., 1979. Storage stability of mechanically de boned sucker 

(Catastomidae) flesh. J. Food Sci .• 44 (4) : 1093-6. 

MORRISSEY. M.T.. PETERS. G. and SYLVIA, G .. 1992. Quality issues in the Pacific Whiting fisheries. 

In : Pacific Whiting harvesting, processing. marketing and quality assurance. G. Sylvia and 

M.T. Morrissey (Eds.). Oregon Sea Grant, Corvallis. OR. 9-16 pp .. 

MORRISSEY, M.T .. WU. J.W .. LIN, D.O. and AN, H .• 1993. Protease inhibitor effects on torsion 

measurements and autolysis of pacific whiling surimi. J. Food Sci., 58 : 1050-1054. 

*MUTILANGI, WAM. and KILARA, A., 1985.Functional properties of heat denatured whey proteins II. 

Emulsifying and foaming properties. Milchwissonschaft. 40 : 391. 

MYASOEDOVA, V.M .• MIKHALEVA, V.F. and CHIZHOVA. T.V .• 1972. Curing and stroing whole Pacific 

mackerel. Lzv. Jikhookean Nauchno- Issled. Insf. Rybn. KhOI., 83 : 121-131. 

NAGAHISA, E., NISHINWRO, S. and FUJETA, T., 1981. Kamaboko - forming ability of the jellied meat 

of pacific hake. Bull. Jap. Soc. Sci, Fish., 49 : 901-906. 

*NAKAI, S., 1983. Structure function relationships of food proteins with an emphasis on the importance 

of protein hydrophobicity. J. Agric. Food. Chem. 31 : 676. 



76 

NASH, T., 1966. Chemical constitution and physical properties of compound able to protect living cells 

against damage due to freezing and thawing J. Gen. Physio., 46: 167. 

*NETTLETON, J.A., 1985. Seafood nutrition fats, issues and marketing of nutrition in fish and shellfish. 

Design Hammond, Cambridges, Massachusetts. 

NICKELSON, 1.l.R., FINNE, G., HANNA, M.O. and VANDERZANT, C., 1980. Minced fish flesh from 

non-traditional Gulf of Mexico finfish species., J. Food Sci., 45 : 1321-1326. 

NISHIMURA, K., OHTSURU, M. and NIGOTA, K., 1990. Mechanism of improvement effect of ascorbic 

acid on the thermal gelation of fish meat. Nippon Suisan Gakkaishi, 53: 959-966. 

NISHIMURA, T., SUGAWARA, R., ICHITAN, T. and OBATA, S., 1986. Method for preparing a shrimp 

like fish meat products. U.S. patent 4584204. 

NISHIOKA, F., 1984. Leaching treatment. In : Science and Technology of fish paste products. H. 

Shimizu (Ed.) .. Koseisha-Koseikaku Publishing Co., Tokyo, Japan. 62-73 pp. 

NISHIYA, K., TAKEDA, F., TAMOTO, K., TANAKA, O. FUKUMI, T., KITABAYASHI, T. and AIZAWA, 

S., 1961. Studies on freezing of surimi (fish paste) and its application. Studies on manufacture 

of frozen surimi for the material of Kamaboko and sausage, Mon. Rep. Hakkaide Municipal fish. 

Exp. Stn., 18 : 122-135. 

NIWA, E., 1992. Chemistry of surimi gelatin. In : Surimi Technology. T.C. Lanier and C.M., Lee (Eds.). 

Marcel Dekker, Inc., New York. 429-501 pp. 

NIWA, E., KOSHIBA, M., MATSUZAKI, T., NAKAYAMA, T. and HAMADA, I., 1980. Species 

specificities of myosin heavy chain in setting and returning. Nippon Suisan Gakkaishi, 55 : 

1497-1500. 

NOBLE, J., 1972. Wasteful processing robs producer of profits, the world of nutrients. The Fish Boat, 

17: 39. 

NOGUCHI, S., 1974. The control of denaturation in fish muscle proteins during frozen storage. Ph.D. 

thesis, Sophia University, Tokyo, Japan. 

NOMATA, H., TOYOHARA, H., MAKINODAN, Y. and IKEDA, S., 1985. The existence of proteinases in 

chum salmon muscle and their activities in the spawning stage. Bull. Japan. Soc. Sci. Fish. , 51 : 

1799-1804. 

NONAKA, M., HIRATA, F., SAEKI, H., NAKAMURA, M. and SASAMOTO, Y., 1989. Gel forming ability 

of highly"nutritional fish meal for foodstuff from sardine. BUll. Japan. Soc. Sci. Fish., 55 : 2157-

2162. 

NOWSAD, A. AKM., CHANDA, S.C., KANOH, S. and NIWA, E., 2000. Gel forming ability and other 

properties of eleven under utilized marine fish species. J. Aqua. Food Prod. Techno/., 9 (3) : 

71-90. 



77 

NOWSAD, A. AKM., KHAN, A.H., KAMAL. M., KANOH, S. and NIWA, E., 1999. The effect of heating 

and washing on gelling properties of tropical major carp muscle. J. Aquat. Food Prod. 

Techno/., 8 (2) : 5-23. 

NUMAKURA, T., MIZOGUCHI, R., KIMURA, I., TOYODA, K, FUJITA, T., SEKI, N. and ARAI, K., 1989. 

Changes in gel forming ability and cross linking ability of myosin chain of Alaska Pollaok. 

Surimi denatured by heat treatment. Nippon Suisan Gakkaishi, 55 : 1083-1090. 

NUMAKURA, T., NAKAMURA, T., TAKAMA, KF., FUJIE, T. and ARAI, K, 1983. Preparation offrozen 

surimi from Pacific pomfret muscle. Bull. Jap. Soc. Sci. Fish., 49 (12) : 1863-1870. 

*NUMAKURA, T., SEKI, N., KIMURA, I., TOYODA, K., FUJITA, T., TAKAMA, K. and ARAI, K., 1987. 

Changes in the SDS gel filtration pattern of muscle protein in salted fish meat paste during 

setting. Nippon Suisan Gakkaishi, 53 : 2045. 

OFSTAD, R., MADSEN, E. G., GUNDERSEN, B., LAURITZEN, K, SOLBERG, T. and SOLBERG, C., 

1993. Stability of Cod (Gadus morhua) surimi processed with CaCI2 and MgCI2. Int. J. Food 

Sci. Techno/., 28: 419-427. 

OKADA, M., 1985. Ingredients on gel structure. In : Proceeding of the International Symposium 

Engineered Seafood including Surimi. (seattle, Wa). Martin R.E., Callete, R.L. (Eds.). National 

Fisheries Institute. Washington D.C. 515-530 pp. 

OKADA, T., INOUE, N. and AKIBA, M., 1986. Electron microscopic observation and biochemical 

properties of carp myosin B during frozen storage. Bull. Jap. Soc. Fish., 52(2) : 345-354. 

OKAMOTO, M., KAWAMURA, Y. and HAYASHI, R., 1990. Application of high pressure to food 

processing textural comparison of pressure and heat induced gels of food proteins. Agric. Bioi. 

Chem., 54 :183-189. 

OKAMURA, K., 1961. Studies on the "Kamaboko" and fish sausage products-XVIII. Jelly-formation at 

various temperatures of raw pastes from various fishes. Bull. Jap. Soc. Sci. Fish., 27 (8) : 755. 

*OLLEY, J. and LOVERN, J., 1960. Phospholipid hydrolysis of cod flesh stored at various 

temperatures. J. Sci. Food Agric., 11 (1) : 664. 

ONIBALA, H., TAKAYAMA, T., SHINDO, J., HAYASHI, S. and MIKI, H., 1997. Influence of freshness 

on occurrence of setting and diSintegrating in heat-induced gels from tilapia. Fisheries Science, 

63 (2) : 276-280. 

OZILGEN, S. and OZILGEN, M., 1990. Kinetic model of lipid oxidation in foods. J. Food Sci., 55 (2) : 

498-501,536. 

PACHECO-AGUILAR, R., CRAWFORD, DL and LAMPILA, L.E. 1989. Procedures for the efficient 

washing of minced whiting (Mer/uccius productus) flesh for surimi production .J. Food Sci., 54 

(2) : 248-252. 

. . .. .., 



78 

PARK, J.W. and LANIER, T.C., 1987. Combined effects of phosphates and sugars or polyol on protein 

stabilization of fish myofibrils. J. Food Sci., 52 : 1509-1512. 

PARK, JW., LANIER, T.C., KEETON, J.T. and HAMANN, 0.0, 1987. Use of cryoprotectants to 

stabilize functional properties of prerigor salted beef during frozen storage. J. Food Sci., 52 : 

537. 

*PARK, J.W., 1985. Effects of cryoprotectants on properties of beef protein during frozen storage, Ph.D 

dissertation, North Carolina State University, Releigh, N.C. 

PARK, J.W., 1994. Functional protein additives in surimi gels. J. Food Sci., 59 (3) : 525-527. 

*PARK, J.W., and MORRISSEY, M.T., 1994. The need for developing the surimi standard. In : Quality 

control and quality assurance for seafood. Sylvia, G., Shrivor, A. and Morrissey, M.T. (Eds.). 

Oregon Sea Grant, Corvallis, OR. 

PARK, JW., LANIER, T.C. and GREEN, D.P., 1988. Cryoprotective effects of sugar, polyols and lor 

phosphates on Alaska pollock surimi. J. Food Sci., 53 : 1-3. 

PARK, J.W., LANIER, T.C., SWAISGOOD, H.E., HAMANN, D.D. and KEETON, J.T., 1986. Effect of 

cryoprotectants in minimizing physico-chemical changes of bovine natural actomyosin during 

frozen storage. tnt. Food Biochem., 11 : 143-161. 

PATEL, P.D. and FRY, J.C., 1987. The search for standardized methods for assessing protein 

functionality. In : Development in food proteins-5, Hudson, B.J.F. (Ed.). Elsevier Applied 

Science Publisher, London, UK 

PHILLIPS, L.G., SECHULMAN, W. and KINSELLA, J.E., 1990. pH and heat treatments effects on 

forming of whey protein isolate. J. Food Sci., 55 : 1116-1119. 

PIGOTI, G.M. and TUCKER, B.W., 1990. Seafood: Effects of technology on nutrition. Marcel Dekker, 

Inc., 270 Madison Avenue, New York, 227-257 pp. 

PIPATSATIAYANUWONG, S., PARK, J.W. and MORRISSEY, M.T., 1995. Functional properties and 

shelf life of fresh surimi from pacific whiting. J. Food Sci., 60 (6) : 1241-1244. 

POOLE, S., 1989. Review. The foam-enhancing properties of basic biopolymers. Int. J. Food. Sci. 

Techno/., 24 : 121. 

*POPE, C.G. and STEVENS, M.F.,1939. The determination of amino nitrogen using a copper method. 

Biochem. J., 33 : 1070. 

PORTER, R.W., 1992. Use of potato inhibitor in Pacific whiting surimi. In : Pacific whiting: Harvesting, 

processing, marketing and quality. Sylvia,G. and Morrissey, M.T. (Eds.). Oregon Sea Grant 

Publication, Corvallis, OR. 33-35 pp. 



79 

PORTER, RW., KOURY, B. J. and KUDO, G., 1990. Method for treating fish meat contaminated with 

sporozoa and potato product for improving meat gelation of fish muscle. U.S. patent, 4 : 935-

192. 

POWRIE, W.o. and TUNG, M.A., 1976. Food dispersions. In : Principles of Food Science and Food 

Chemistry. Fennema, O.R (Ed.). Marcel Dekker, New York, 1539 pp. 

RAO V.S.P., 1989. Development of ready to serve frozen fish curry. Master Thesis, Univ. Agric. Sci., 

Bangalore. 

*RASEKH, J. and MELZA, 1977. Effect of frozen storage on the functional and organoleptic properties 

of minced fish made from several under-utilised species harvested from the Gulf of Mexico. In : 

Proceeding of the Second tropical and sub-tropical fisheries technological conference of the 

Americans, April 17-20, 1977. Texas A & M University sea grant programme, TAMU-SG-7S· 

101 : 103-121. 

REDDY, G.V.S. and SRIKAR, L.N., 1991. Preprocessing ice storage effects on functional properties of 

fish mince protein. J. Food Sci., 56 : 965-968. 

REGEINSTEIN, J.M. and REGEINSTEIN, C.E., 1984. Food protein chemistry. An introduction for food 

scientist. Academic Press New York. 194-206 pp. 

REGEINSTEIN, J.M. and REGEINSTEIN, C.E., 1991. Special processing procedure, surimi. In : 

Introduction to fish technology. Van Nostrand Rainhold, New York. 139-147 pp. 

REGEINSTEIN, J.M., 1984. Protein-water interactions in muscle food. Reciprocal meat conference 

proceedings, 37: 44-51. 

REPPOND, K.o. and BABBITT, J.K., 1993. Protease inhibitors affects physical properties of Arrow 

tooth flounder and Walleye pollock surimi. J. Food Sci., 58 (1) : 96-98. 

RHA, E. and PRADPASENA, P., 1986. Viscosity of proteins Ch : 2. In : Functional properties of food 

macromolecules. Mitchell, J.R and Ledward, DA (Eds.). Elsvier Applied Science Publisher, 

London. 79-120 pp. 

RHEE, N.C.,1985. Peanut (groundnuts). New Protein Food, 5: 159. 

RICHERT, S.H., 1979. Physical-chemical properties of whey protein foams. J.Agric. Food Chern., 27 : 

665. 

RIPPEN, T.E., 1990. Fresh-water fish. In : The seafood industries. Martin RT. and Flick. G.J. (Eds.). 

Van Nostrand Reinnhold. 191 pp. 

ROCKOWER, RK., DENG, J.C., ATWELL, W.S. and CORNELL, JA, 1982. Evaluation of the textural 

attributes of minced fish patties made from fish (turbot and pollack), soy flour, soy protein 

concentrate, and sodium alginate. In : Proceeding of the 71t1 Annual Tropical and Subtropical 



80 

Fisheries Technological Conferences of the Americas, Univ. of Florida, Gainesville, F.L. 36-47 

pp. 

RODGER, G., WEDDLE, RB. and CRAIG, P., 1980. Effect of time, temperature, raw material type, 

processing and use of cryprotective agents on minced quality. In : Advance in fish science and 

technology. Connel, J.J (Ed.). Fishing News Books Ltd., 199-217 pp. 

ROUSSEL, H. and CHEFTEL, J.C., 1988. Characteristics of surimi and Khamabokao from sardines. Int. 

J. Food. Sci. and Tehonol., 23 (6) : 607-624. 

ROUSSEL, H. and CHEFTEL, J.C., 1990. Mechanisms of gelatin of sardine proteins. Influence of 

thermal processing and of various additives on the texture and protein solubility of Kamaboko 

gels.lnt. Food Sci. Technol., 25: 260-280. 

SAEKI, H., HIRATA, F., MATSUKAWA, M., KITANOMA, K and NONAKA, M., 1991. Gel forming ability 

of highly nutritional fish meat for foodstuff prepared from frozen sardine. Bull. Jap. Soc. Sci. 

Fish, 57 : 2089-2094. 

SAEKI, H., WAKAMEDA, A., OZAKI, H., NONAKA, M. and ARAI, K, 1986. Effect of CaCI2 on water­

holding capacity of Alaska Pollack myofibrils and on their thermal stability. Bull. Jap. Soc. Sci. 

Fish, 52: 1771-1777. 

*SAFFLES, RL., 1968. Meat emulsions. Park, J.W. and Lanier, T.C., (Eds.). chichestes, C.O., Mark. 

SALDE, L. and LEVINE, H., 1988. Structural stability of intermediate moisture foods. A new 

understanding. In : Food structure its creation and evalution., Blanshara, J.M.V. and Mitchell, 

J.R (Eds.). Butter worth, London. 115 pp. 

*SANO, T., NOGUCHI, S.F., TSUCHIYA, T. and MATSUMOTO, J.J., 1988. Dynamic viscoelastic 

behaviour of natural actomyosin and myosin during thermal gealtion. J. Food Sci., 53 : 924. 

SARKAR, S., 1997. Studies on the preparation of surimi from oil sardine (Sardinella !ongiceps) and its 

utilization. Master Thesis, Univ. of Agric. ScL, Bangalore. 

SASAJIMA, M., SHIBA, M., MATSUSHITA, A., ARAT, K, YOKOSEKI, M. and TAKAMIZAWA. M., 

1978. The effect of packagine style on the production of Clostridium botulinum Type A toxin in 

Kamaboko. Bull. Tokai Reg. Fish. Res. Lab., 95: 85-89. 

SASA Y AMA, S., 1973. Irradiation preservation of fish meat jelly proudtcs. II. Classification of spoilage 

bacteria in irradiated Kamaboko. Bull. Tokai Reg. Fish. Res, Lab., 75: 39-46 

SCHMIDT, RH., 1981. Gelation and coagulation. In : Protein functionality in foods. Cherry, J.P. (Ed.). 

ACS.Symposium series. 147, American Chemical Society Washington D.C. 131 pp. 

SCHUT, J., 1976. Meat emulsions. In : Food emulsions. Fribergo, S. Marcel Dekker, Inc., New York, 

385-458 pp. 



81 

SEYMOUR, TA, MORRISSEY, M.T., PETERS, M.Y. and AN, H., 1994. Purification and 

characterisation of Pacific whiting proteases. J. Agri. Food Chem., 42 : 2421-2427. 

SHABAN, 0., OCHIAI, Y., WATANABE, S. and HASHIMOTO, K., 1985. Quality changes in Alaska 

Pollack meat paste (Surimi) during frozen storage. Bull. Jap. Sci. Fish., 51 (11) : 1853-1858. 

SHAHIDI, F. and SYNOWIEEK, J., 1990. Seal Meat: The ultimate in surimi technology. In : Fifteenth 

Annual Conference Tropical and Subtropical Fisheries Technological Conference of the 

Americas, Second Joint Meeting with Atlantic Fisheries Technology Conference. December 2-

5,1990. Publ. By Fla. Sea, Grant Program En. 

SHAMASUNDAR, BA, and PRAKASH, V., 1994. Physico-chemical and functiaonal properties of 

proteins from prawns (Metapenaeus dobsoni). J. Agric. Food Chern., 42: 169-173. 

SHAMASUNDAR, B.A., KRISHNAMURTHY. B.V., PRABHU, R.N. and CHANDRASHEKAR, P.C., 

1988. Effect of washing on the nutrition and gel characteristof three marine fish. In : Joseph, 

M.M. (Ed.). Proc. First Indian Forum. Asian Fish Society. 

SHENOUDA, S., 1980. Theories of protein denaturation during frozen storage of fish flesh. Adv. Food 

Res., 26 : 275-311. 

SHEWAN, J.M., MACINOTOH, R.G., TUCKER, C. G., and EBERENGBER, A.S.C., 1953. The 

development of a numerical scoring systems for the sensory assessment of the spoilage of wet 

white fish stored in ice. J. Sci. Food Agric., 6: 283-298. 

SHIBA, M. and NUMAKURA, T., 1992. Quality of heated gel from walleye pollock surimi by applying 

joule heat. Nippon Suisan Gakkaishi, 58 (5) : 903-907. 

SHIBA, M., 1992. Properties of Kamaboka gels prepared by using a new heating apparatus. Nippon 

Suisan Gakkaishi, 58 (5) : 895-901. 

SHIMIZU, Y. and KOGURI, A., 1986. Influence of death condition and freshness on the gel forming 

property offish. Bull. Jap. Soc. Sci. Fish., 52: 1837-1841. 

SHIMIZU, Y., MACHIDA, R. and TAKENAMI, S., 1981. Species variation in the gel forming 

characteristics offish meat paste. Bull. Jap. Soc. Sci. Fish., 47 (1): 95. 

SHIMIZU, Y., TOYOHARA, H. and LANIER, T.C., 1992. Surimi production from fatty and fleshed fish 

species. In : Surimi technology. Lanier, T.C. and Lee, C.M. (Eds.). Marcel Dekker, New York. 

185-207 pp. 

SHINDO, J., UESHIN, M. and MIKI, H., 2000. Relationship between critical water content and 

denaturation of myofibrillar protein in fish surimi. Nippon Suisan Gakkaishi. 66 (4) : 726-730. 

SIDDAIAH, D., REDDY, G.V.S. and RAJU. C.U., 1999. Effect of cryoprotectants an the keeping quality 

of silver carp (Hypophthalrnicthys molitrix) mince during frozen storage. Environment and 

Ecology, 17 (2) : 359-365. 



82 

SIDWELL, V., 1980. Nutritional quality of minced fish products. In : The third national technical seminar 

on the mechanical recovery and utilization of fish. Abstracts. Organized by Brooker, J.R and 

Martin, RE., Raleigh, USA, 1-3,December 1980, No. 37. 

SIKORSKI, Z., OLLEY,· J., and KOSTUCH, S., 1976. Protein changes in frozen fish. GRG Grit. Rev. 

Food Sci., Nutri., 8 (1): 97-129. 

SILBERSTEIN, DA and LILLARD, D.A., 1978. Factors affecting the auto oxidation of lipids in 

mechanically deboned fish. J. Food Sci., 43 : 764-766. 

SIMPSON. R, KOLBE, E., MACDONALD, G., LANIER, T.C. and MORRISSEY, M.T. 1994. Surimi 

production from partially processed and frozen Pacific whiting (Merluccies productus) . J. Food. 

Sci., 59 : 272-276. 

SINNHUBER, RO. and YU, T.C., 1958. 2 - thiobarbituric acid methods for the measurement of 

rancidity in fishery products. 2. The quantitative deterioration of mononaldehyde. Food Tchnol. 

2: 9. 

SNEDECOR, GW. and COCHRAN, W.G., 1962. Factorial experiments. In : Statistical methods. Oxford 

and IBH Publishing Co., Calcutta, 339-380 pp. 

*SONU, S., 1986. Surimi. National Oceanic and Atmospheric Administration Technical Memorandum 

NMFS-SWR-013. 

SORENSON, T., 1975. Separated cod mince. Deterioration of functional properties during frozen 

storage. Arsberetning 1975. fiskeriministeriets Forsogs- Laboratorium Bygning. DTH. 2800 

Lyngby, 28-38 pp. 

SORENSON, T., 1980. Biological and processing factors affecting functional properties. 1. Textural 

properties of fibrous minced fish. In : The Third national technical seminar on the mechanical 

recovery and utilization of fish. Abstracts. Organized by Brooker, J.R and Martin, RE., 

Raleigh, USA, 1-3 December,1980, No. 19. 

*SPECK. M.L., 1976. Compedium of methods for the microbiological examination of foods prepared by 

APHA (American Public Health Association). Washington D.C. 

SPENCER, K.F., BLIGH, F.G., CHANDRA, C.v. and LEMON, D.W., 1988. Canadian testing of fatty 

species for surimi. In : Fatty fish utilization upgrading from feed to food. Proceedings of a 

National Technical Conference in Raleigh. Davis, N. (Ed.). UNC Sea Grant College publication 

80-04, North Carolina State University. 121-139 pp. 

SRIKAR, L.N. and REDDY, G.V.S., 1990. Protein solubility and emulsifying capacity in frozen stored 

fish mince. J.Sci. Food Agric., 55: 447-453. 



83 

STANDAL, B.R., BASSETT, D.R., POll CAR, P.B. and THOM, M., 1975. Fatty acids, cholesterol and 

proximate composition of certain prepared and unprepared foods in Howaii. Hi. Agri. Exp. Stn. 

Res. Bull. , No. 146. 

STOKNES, I. And RUSTAD, T., 1995. Proteolytic activity in muscle from Atlantic salmon (Sa/mo safar). 

J. Food Sci., 60 (4) :711-714,726. 

SUN, C.T. and WANG H.H., 1984. Cryoprotective mechanism of polyols and monosodium glutamate in 

frozen fish mince. 3rd Int. Congo Eng. Foods, Dublin. 

SUZUKI, T., 1981. Fish and Krill protein. Processing Technology Appl. Sci. Pub. Ltd., London. 

*SUZUKI, T. and MIGITA, M., 1962. Ibid., 28 : 61-72. 

SUZUKI, T. and WATABLE, S., 1986. New processing technology of small pelagic fish protein. Food 

Rev. Int. 2 : 271-307. 

SWAFFORD, T.C., ZETTERLlNG, T.KA, RILEY, C.C., BABBITT, J, REPPOND, K. and HARDY. A., 

1985. Processing Alaska fisheries development foundation, Suirimi meeting, Kodiak, AK, 

March 7-9. 

SWIFT, C.F. and BERMAN, M.D., 1959. Factors affecting the water retention of beef, variation in 

composition and properties among light muscles. Food Techno/., 13: 365. 

SWIFT, C.F., LOCKETT, C. and FRYAR, A.S., 1961. Comminuted meat emulsion. The capacity of 

meats for emulsifying fat. Food Technol., 15: 468-473. 

SYCH, J and CARRIER, M., 1991. Determination of optimal level of lactitol for surimi. J. Food. Sci., 56 

: 2 85-290,298. 

SYCH, J., LACROIX, C., ADAMBOUNOU, L.T. and CASTAIGNE, F., 1990a. Cryoprotective effects of 

lactitol, palatinit and poly dextrose on cod surimi proteins during frozen storage. J. Food Sci., 

55 : 356-360. 

SYCH, J, LACROIX, C., ADAMBOUNOU, L.T. and CASTAIGNE, F., 1990b. Cryoprotective effects of 

some materials on cod surimi protein during frozen storage. J. Food Sci., 52: 1222-1227, 

1263. 

*SYCH, J., LACROIX, C., ADAMBOUNOU, L.T. and CASTAIGNE, F., 1990 C. Effect of low and non 

sweet additives on the stability of protein functional properties of frozen cod surimi. Int. J. Food 

Technol. In press. 

*TABLEROS, M.A. and YOUNG, R.H. 1981. Behavior of the mechanically separated flesh of some 

common fish species of the Mexican shrimp by-catch during storage at - 200 C. J.FoodTecno/., 

16 (2) : 199-212. 

*TABLEROS, MA, 1980. Use of shrimp by-catch : storage stability of freezing of mechanically 

separated flesh. M.Sc. Thesis, ITESM, Guayms, Songras, Mexico, (Cited: Grantham, 1981). 



84 

TAKAHASHI, R., INQUE, N. and SHINANO, H., 1993.Effect of storage temperature on freeze 

denaturation of carp myofibrils with KCI or NaCI. Nippon Sui san Gakkaishi, 59 : 519-527. 

TAKASHI, R., 1973. Studies on muscular protein of fish VIII. Comparative studies on the biochemical 

properties of highly purified myosins from fish dorsal and rabbit skeletal muscle. 

Bull. Jap. Soc. Sci. Fish. , 39 : 197. 

lAMOlO, T., 1971. Effect of leaching on the freezing denaturation of surimi proteins. New Food 

Industry, 13 (12) : 61-69. 

TEJADA, M., BORDERIAS, A.J. and COLMENERO, F.J., 1984. Myofibriller and sarcoplasmic proteins. 

Their role in alterations in certain functional properties of muscle during frozen storage.!n: 

Chemical changes in food processing. Poveda, B.S. (Ed.). Cosejo Superior do Investigations 

Sientificas. Spain, 103-111 pp. 

TIWARI, S.N., 1995. Functional and rheological properities of proteins from fish (Sardinella /ongiceps). 

Effect of physical and chemical treatment. Master thesis, Univ. Agric. ScL, Bangalore. 

TOKUNAGA, T. and NISHIOKA, F., 1988. The improvement of technology for surimi production from 

fatty Japanese sardines. In : Fatty fish utilization, ungrading from feed to food. Processing of 

National Technical Conference in Releigh. Davis, N. (Ed.). UNC Sea Grant College Publication 

80-04, North Carolina State University.143-158 pp. 

TOKUNAGA, T., 1974. The effect of decomposed products of trimethylamine oxide on quality of frozen 

Alaska pollock fillet. Nippon Suisan Gakkaishi ,40 : 167-174. 

TOYOHARA, H., SAKATA, T., YAMASHITA, K., KINISHITA, M. and SHIMIZU, Y., 1990. Degradation of 

oval-filefish meat gel caused by myofibriller proteinase(s). J. Food Sci., 55: 364-368. 

TSUCHIYA, T., TSUCHIYA, Y., NONOMURA, Y. and MATSUMOTO, T., 1975. Prevention of freeze 

denaturation of carp actomyosin by sodium glutamate. J.Biochem., 77 : 853. 

TSUKAMASA, Y. and SIMIZU, Y., 1990. Setting property of sardine and Pacific mackerel meat. Bull. 

Jap. Soc. Sci. Fish, 56: 11 05-1112. 

TUCKER, B.W., 1992. Aquatic products and human nutrition. J. Aquat. Food Prod. Techno/., 1(1) : 5-

7. 

TURGUT, H., 1984. Emulsifying capacity and stability of goat, water-buffalo, sheep and cattle muscle 

proteins. J. Food Sci,. 49 : 168-171,182. 

UCHIYAMA, H., and AMANO, K., 1959. The mechanism of the slime formation on sugared Kamaboko. 

Identification of dextran with enzyme preparation from Penicillium funiculosum. Bull. Jap. Soc. 

Sci. Fish, 24: 840. 

UEDA, T., SHIMIZU, Y. and SIMIDU, W., 1968 a. Species differences in fish muscle. 1. The gel 

forming ability of heated ground muscles. Bull.Jap.Soc.Sci.fish., 34 : 357. 



85 

UEDA, T., SHIMIZU, Y. and SIMIDU, W., 1968 b. Species differences in fish actomyosin. 3. The 

velocity and machanism of heat denaturing reaction. Bull. Jap. Soc. Sci. fish. , 34 : 357. 

·UENO SEIYAKU, 1979. frozen minced fish preparation. Japanese Patent 54154560. 

UENO, R, KANAYAMAM, T., TOMIYASU, K., FUJI KAMI, A. and NAKASHIMA, T., 1984. Processes 

for production of refrigerated minced flesh and fish paste product having improved quality. U.S. 

Patent No. 4,464,404. 

·UIJTTENBOOGAART, T.G., TRZISZKA, T.L. and SCNREIRS, F.J.G., 1993. Cryoprotectant effects 

during short time frozen storage of chicken myofebrillar protein isolates. J.Food Sci., 58 (2) : 

274. 

USDA., 1975. Preparation of mechanically deboned meat and meat fatty tissue. Meat and Poultry 

Inspection Bulletin 865, Animal and plant health inspection service, USDA, Washington D.C. 

VACHA, F., VAVREINOVA, S., HOLASOV, M., TVRZICKA, E.T., 1993. Analysis of fish of different 

freshwater fish species. Representative preliminary results. Production environment and 

quality. In G. Bamabe, P. Kestemont (Eds.), Bordeaux Aquaculture' 92. European 

Aquaculture Society Sup. Pulb. 18, Ghent, Belgium, 315-322 pp. 

VALKERT, MA, KLEIN, B.P., 1979. Protein dispersibility and emulsions. Characteristics of four say 

products. J. Food. Sci., 44 : 93-96. 

VERMA, JK 1992. Effect of cryoprotectant on biochemical and functional properties of fish mince 

during frozen storage. Master thesis, Univ. of Agric. ScL, Bangalore. 

VERMA, J.K. and SRIKAR, L.N., 1994. Protein and lipid changes in pink perch (Nemipterus japonicus) 

mince during frozen storage. J. Food Sci. Technol., 31(3): 238-240. 

VYNCHE, W., 1978. Influence of chilling, freezing and thowing on fish quality recent aspects. In:Food 

quality and nutrition. Dowine, WK (Ed.). Research priorities for thermal processing. 325-352 

pp. 

WAGNER, J.R. and ANON, M.C., 1985. Effect of freezing rate on the denauration of myofrbrillar 

proteins. J. Food. Technol., 20 : 735. 

WAGNER, J.R. and ANON, M.C.,1986. Effect of frozen storage on protein denaturation in bovine 

muscle II. Influence on salubility, viscosity and electrophoretic behaviors of myofibriller 

proteins. J. FoodTechnol., 2:547. 

·WASSON, D.H,. REPPOND, K.D., BABBln, JK and FRENCH, J.S., 1992. Effects of additions on 

proteolytic and functional properties of Arrow tooth flounder surimi. J. Aquatic Food Product 

Technol.,1 (3/4) : 147-165. 

WAnS, BK AND MERRILL, A.L., 1963. Composition of Foods: Raw, Processed, Prepared. United 

States Department of Agriculture, Washington D.C. 



86 

WEBB, N.B., HARDY, E.R., GIDDINGS, G.G and HOWELL, A.J., 1976. influence of mechanical 

separation upon proximate composition, functional properties and textural characteristics of 

frozen Atlantic croaker muscle tissue. J. Food. Sci., 41 : 1277-1281. 

WHEATON, K.J. and LEWSON, T.B., 1985. Processing aquatic food products. John Wiley and Sons. 

New York, 519 pp. 

WHITTLE, K.J., HASTINGS, R.J. and MURRAY, C.K., 1988.Fish proteins: Binding and structure offish 

product. In : Trends in modern meat technology 2. Kroll, B., Van Roon, P.S.and Houben, 

J.H.(Eds.). Pudoc., Wageningen, The Netherlands. 65-69 pp. 

WONG, J., LAN, Y.E. and YAMAMOTO, M., 1978. Mechanical fish deboners: Influence of various 

perforation sizes on bone content and texture of minced fish flesh. J. Food Sci., 43 (3) : 807-

809. 

WOOD, C.D. and KING, D., 1985. Recovery and yields of minces from silver belly (Leiognath spp.), 

mackerel (Scomber scombrus) and the sardine like species (Centegrauli spp.) using a Badder 

694 meat/bone seperator. In: Harvest and post harvest technology of fish. Ravindras, K et a/., 

(Eds.), Society of Fisheries Technologists, India.638-642 pp. 

WU, M.C., 1992. Manufacture of surimi-based products. In: Surimi Technology Lanier, T.C, and Lee, 

C.M. (Eds.). University of Rhode Island Kingston, Rhode Island. 245-303 pp. 

WU, M.C., AKAHANE, T., LANIER, T.C. and HAMANN, 0.0, 1985 a. Thermal transitions of 

actomyosin and surimi prepared from Atlantic croaker as studied by differential scanning 

calorimetry. J.Food.Sci., 50 : 10-13. 

WU, M.C., AKAHANE. T., LANIER, T.C. and HAMANN, D.o., 1985b. Thermal transitions of admired 

starch/fish protein systems during heating. J. Food Sci., 50 : 20-25. 

YAMANOTO, M. and WONG, J., 1974. Simple chemical method for isolating bone fragments in minced 

fish flesh. J. Food Sci., 39 (6): 1259-1260. 

YAMASHITA, M. and KONAGAYA, S., 1990. Participation of cathopsin into extensive softening of the 

muscle of chaum salmon caught during spawning migration. Nippon Suisan Gakkaishi, 56 

:1271-1277. 

YANG, T.S. and FRONING, G.W., 1992. Selected washing processes affect thermal gelation properties 

and microstructure of mechanically deboned chicken meat. J. Food Sci., 57 : 325-329. 

YONGSAWATDIGUL, J. and PAR~. JW., 1996. Linear heating rate affects gelation of Alaska pollock 

and Pacific whiting surimi. J.Food Sci., 61 (1): 149-153. 

YONGSAWATIDIGUL, J., PARK, JW., KOLBE, E., ABU DAGGA, Y. and MORRISSEY, M.T., 

1995.0hmic heating maximizes gel functionality of Pacific whiting surimi . J. Food Sci., 60 (1) : 

10-14. 



87 

YOO, B. and LEE, C.M., 1993. Rheological relationships between surimi sol and gel as affected by 

ingredients. J. Food. Sci., 58 : 880-883. 

YU, T.C. and SINNHUBER, R.O., 1957.2 -Thiobarbituric acid method for the measurement of rancidity 

in fishery products. Food Technol., 11 : 104. 

ZAIN, A.M., 1980. Spiced minced fish from tilapia.ln : Advances in fish science and technology. Papers 

presented at the Jubilee Conference of the Torry Research Station, Aberdeen, Scotland, 23-27 

July 1979, edited by J.J. Counnell et al. Farnham, Surrey, Fishing News Books Ltd.,.223pp. 

·ZENDER, R, LATASTE DOROLLE, C., COLLET, R, A., ROWNSKI, P. and MOUTON, R F., 1958. 

Food Res., 23 : 305-326. 

* Not referred to the Original. 



APPENDIX 



88 

8. APPENDIX 

ORGANOLEPTIC EVALUATION OF WHOLE FISH, DEWATERED MINCE MEAT AND SURIMI 

Please evaluate the given sample placing the appropriate score against each attribute 

Sample 

Characteristics 

Appearance 

Colour 

Taste 

Odour 

Overall acceptability 

Score 

Comments 
Name 
Date 

Whole fish 

Like extremely 
Like very much 
Like moderately 
Like slightly 
Neither like nor dislike 
Dislike slightly 
Dislike moderately 
Dislike very much 
Dislike extremely 

Minced meat 

(Signature) 

9 
8 
7 
6 
5 
4 
3 
2 
1 

Surimi 


	D 573_Page_001
	D 573_Page_002
	D 573_Page_003
	D 573_Page_004
	D 573_Page_005
	D 573_Page_006
	D 573_Page_007
	D 573_Page_008
	D 573_Page_009
	D 573_Page_010
	D 573_Page_011
	D 573_Page_012
	D 573_Page_013
	D 573_Page_014
	D 573_Page_015
	D 573_Page_016
	D 573_Page_017
	D 573_Page_018
	D 573_Page_019
	D 573_Page_020
	D 573_Page_021
	D 573_Page_022
	D 573_Page_023
	D 573_Page_024
	D 573_Page_025
	D 573_Page_026
	D 573_Page_027
	D 573_Page_028
	D 573_Page_029
	D 573_Page_030
	D 573_Page_031
	D 573_Page_032
	D 573_Page_033
	D 573_Page_034
	D 573_Page_035
	D 573_Page_036
	D 573_Page_037
	D 573_Page_038
	D 573_Page_039
	D 573_Page_040
	D 573_Page_041
	D 573_Page_042
	D 573_Page_043
	D 573_Page_044
	D 573_Page_045
	D 573_Page_046
	D 573_Page_047
	D 573_Page_048
	D 573_Page_049
	D 573_Page_050
	D 573_Page_051
	D 573_Page_052
	D 573_Page_053
	D 573_Page_054
	D 573_Page_055
	D 573_Page_056
	D 573_Page_057
	D 573_Page_058
	D 573_Page_059
	D 573_Page_060
	D 573_Page_061
	D 573_Page_062
	D 573_Page_063
	D 573_Page_064
	D 573_Page_065
	D 573_Page_066
	D 573_Page_067
	D 573_Page_068
	D 573_Page_069
	D 573_Page_070
	D 573_Page_071
	D 573_Page_072
	D 573_Page_073
	D 573_Page_074
	D 573_Page_075
	D 573_Page_076
	D 573_Page_077
	D 573_Page_078
	D 573_Page_079
	D 573_Page_080
	D 573_Page_081
	D 573_Page_082
	D 573_Page_083
	D 573_Page_084
	D 573_Page_085
	D 573_Page_086
	D 573_Page_087
	D 573_Page_088
	D 573_Page_089
	D 573_Page_090
	D 573_Page_091
	D 573_Page_092
	D 573_Page_093
	D 573_Page_094
	D 573_Page_095
	D 573_Page_096
	D 573_Page_097
	D 573_Page_098
	D 573_Page_099
	D 573_Page_100
	D 573_Page_101
	D 573_Page_102
	D 573_Page_103
	D 573_Page_104
	D 573_Page_105
	D 573_Page_106
	D 573_Page_107
	D 573_Page_108
	D 573_Page_109
	D 573_Page_110
	D 573_Page_111
	D 573_Page_112
	D 573_Page_113

