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ABSTRACT 

 

 

According to the Food Allergen Labeling and Consumer Protection Act, fish is one of the 

eight major allergen foods. Reliable analytical methods for the detection of food ingredients 

derived from fish are important for the protection of fish allergic individuals. Surimi is defined as 

a protein concentrate made of fish muscle and is usually used for the manufacture of shellfish 

analogues or substitutes. They are typically made from white-flesh fish (e.g. pollock or whiting) 

and may be a hidden ingredient in some processed foods. 

This study developed a monoclonal antibody (MAb)-based indirect competitive enzyme-

linked immunosorbent assay (icELISA) for quantitative detection of fish protein in heat-

processed crab meat. A previously developed MAb 8F5, which recognizes a 36-kDa 

thermostable fish protein, was used in this study. The icELISA was optimized and 11 sets of 

spiked samples adulterated at 0.01% to 5% were used to produce sets of standard inhibition 

curves and transformed linear curves for quantification of surimi in crab samples. The effect of 

cooking methods and cooking times on the detectability of a representative surimi product was 

also examined. 

The 50% inhibitory concentration values (IC50) of the icELISA were 4.0% (g/g)-10.0% 

(g/g) for surimi samples and 3.9% (g/g) for fish samples. Fish samples have smaller IC50 value 

than surimi samples, which means that fish samples contain a larger amount of antigenic fish 

proteins than surimi samples at the same total protein concentration. The difference in IC50 also 

indicated that the fish samples have a higher sensitivity than surimi products analyzed by this 

icELISA. This assay exhibited a linear response within a wide concentration range (0.01 to 100%) 

of all 11 sets of spiked samples. It can reliably distinguish fish products from crab meat and the 

detection limit for these spiked samples was less than 5.0% (g/g). This assay exhibited low intra-

assay variability (< 6.3%) and inter-assay variability (< 4.1%). The different effects of heat 

treatments on the detectability of a representative surimi product indicated that accurate 

quantification of fish proteins in crab meat requires a standard curve obtained from matched 

sample matrix with matched cooking methods and time. This developed immunoassay 

demonstrated its usefulness for the detection and quantification of low levels of fish ingredient in 

processed crab meat, and would help discourage the illegal practice of substituting crab meat by 
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cheaper surimi products at the retail and restaurant levels. 



1 
 

INTRODUCTION 

 

 

1.1 Background 

 

Fish plays an important role in human diet and provides a valuable source of nutrients 

such as polyunsaturated fatty acids and lipid-soluble vitamins; but together with wheat, soy, milk, 

peanuts, tree nuts, shellfish, eggs, fish is listed as one of the ―big-eight‖ major allergen foods and 

is the most common cause of food-allergic reactions in both children and adults. A study 

performed by Sampson (2004) found that fish allergy accounts for an estimated 0.1% and 0.4% 

of food allergies in US children and adults, respectively. Clinical symptoms of fish allergy 

include urticaria, angioedema, asthma, rhinitis, vomiting, diarrhea and anaphylaxis (FDA 2005; 

O'Neil and others 1993; Rosmilah and others 2005; Sicherer and Sampson 2006). According to a 

report performed by Bock and others (2001), 1 of 32 deaths was caused by fish in a national 

registry of food-induced fatal anaphylaxis, and in a report of 7 deaths caused by food allergy, 1 

was attributed to fish (Yunginger and others 1988). 

Increased levels of production of fish and fish products have been seen in recent years. 

U.S. per capita fish consumption has increased more than 50 percent since 1980 and will 

continue to increase over the next 20 years (Blisard and others 2002). This trend leads to more 

frequent cases of fish allergic reactions which have frequently occurred in coastal countries and 

areas like Japan and Florida State, United States, where a great amount of people work in the fish 

industry and fish is consumed a large quantity there (Tanabe 2008). 

Some allergenic fish proteins are heat and acid stable, resistant to proteolysis and to 

digestion (Porcel and others 2001).  Because of these properties, the Food Allergen Labeling and 

Consumer Protection Act (FALCPA) requires that any protein-containing ingredient derived from 

fish to be declared in the ingredient statement on the label of packaged foods (FDA 2005; van 

Hengel 2007). Food-allergic consumers must educate themselves about label designations and 

ingredient names because the ingredients listed on the package of food products are the only way 

they can protect themselves. The reliable analytical methods for the detection of food ingredients 

derived from fish are therefore important for the protection of fish allergic individuals (Hefle and 

http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=1EFlb5oofp2G4dKMk21&field=AU&value=Hefle%20SL&ut=000230807200007&pos=1
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Taylor 2004). 

Surimi is defined as a protein concentrate made of fish muscle and is usually used for the 

manufacture of shellfish analogues or substitutes (Okada 1992). It is produced from minced and 

thoroughly washed fish meat from different species. Alaska pollock (Theragra chalcogramma) 

and Pacific whiting (Merluccius productus) are the two most widely used fish species for the 

production of surimi and surimi seafood in the United States (Yoon and others 2004). In the 

minced fish meat, all water-soluble proteins have been washed out with chilled water. This 

washing procedure not only removes fat and undesirable materials, such as blood, pigments and 

odorous substances, but, more importantly, increases the concentration of water insoluble 

myofibrillar proteins (MPs), which are elastic and make it possible to form surimi into fish cakes 

and crab sticks through further processing (Lanier and Lee 1992). According to the USDA Food 

Nutrient Database 16-1 (2004), fish surimi contains about 76% water, 15% protein, 6.85% 

carbohydrate, 0.9% fat, and 0.03% cholesterol. 

Crab meat is usually used in many cuisines all over the world. It has a delicate taste and 

is currently sold at about $25 per kilogram in the marketplace. Because of the high cost and 

substantive demand, crab products are often being partially substituted with cheaper surimi 

products derived from pollock and whiting. Surimi products may be a hidden ingredient in some 

processed seafood products, so the analytical methods to detect fish ingredient in shellfish 

products are important in preventing the intentional or unintentional adulteration in the 

marketplace and protecting the fish-allergic consumers. 

Approximately 20 years ago, no commercial methods for the detection of allergenic 

residues in foods or processing equipment were available and few allergic incidences have been 

documented (Renaud and others 1996; Van Assendelft 1984). Before that time, food companies 

had to rely on their allergen controls and good manufacturing practices to avoid the presence of 

undeclared allergens in packaged food products. The methodology for the detection of allergenic 

residues in foods has been improving with the advent of immunoassays for allergenic foods. 

Nowadays, immunoassays are widely accepted by regulatory agencies as a rapid and sensitive 

method for screening and monitoring substances in food and agricultural products (Monaghan 

and others 2008; Rao and Hsieh 2008; Abbott and others 2010; Panda and others 2010). These 

immunoassays all employ specific polyclonal antibodies or monoclonal antibodies (MAbs) 

against the target allergens (Poms and others 2004). Furthermore, the usefulness of enzyme-

http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=1EFlb5oofp2G4dKMk21&field=AU&value=Taylor%20SL&ut=000230807200007&pos=2
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linked immunosorbent assay (ELISA) for the qualitative detection or quantification of allergens 

or target proteins of potentially allergenic food have been reported. 

Because of the serious fish allergic reactions which will lead to multiple clinical 

symptoms such as urticaria and anaphylaxis, the problem of the unintentional fish contamination 

and intentional fish adulteration should not be neglected. Therefore, in this study, we attempt to 

develop an effective and rapid MAb-based immunoassay for the detection of surimi products in 

crab meat. The results of these studies would greatly help discourage the illegal practice of 

substituting crab meat by cheaper surimi products at the retail and restaurant levels and it is also 

important for the protection of those individuals who suffer from fish allergy. A previously 

developed MAb, 8F5, will be used for this study. 

 

1.2 Rationales and Significance 

 

Recently, a competitive ELISA was developed by Reed and Park (2010) for 

quantification of Alaska pollock surimi in crabsticks; all estimations of Alaska pollock surimi 

were within 9% of the actual value. However, the polyclonal antibodies they used, which were 

raised in rabbits against a 15-amino-acid peptide determined from the myosin light chain 1 

(MLC 1) of Alaska pollock, has cross-reactivity with the MLC 1 from Pacific whiting and 

threadfin bream surimi. Although the qualification and quantification of fish protein in surimi has 

been done, there is currently no report on an anti-fish protein antibody-based ELISA for 

quantitatively detection of surimi in heat-processed crab meat samples. For public health concern 

and for prevention of economic fraud, it is urgent to develop an effective and rapid analytical 

method for quantitative detection of fish protein in heat-processed crab meat. The significance of 

this research is derived from the following rationales: 

1. The importance of developing competitive ELISA for detecting fish protein 

Immunochemical techniques, such as ELISA, immunohistochemistry (IHC) and 

immunoblotting, have been extensively utilized in this field because there are many advantages 

for using immunoassay, such as no major instruments required, simple sample preparation, and 

being user-friendly. 

ELISA will be chosen in this study for the detection of surimi products due to its multiple 

advantages. Compared with immunoblotting and IHC, ELISA not only has a large-scale 
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screening and field test capability but also is a simple, rapid, sensitive, reliable and low-cost 

technique (Crowther 2000). In addition, several ELISA formats, such as sandwich or competitive 

ELISAs, can be chosen to detect a target fish protein according to the inherent properties of the 

antibodies used. ELISA can also be used for quantification of the analyte in samples with a 

standard curve. Furthermore, ELISA can be made into commercial test kits and results can be 

obtained in few hours. If the assay format is in the form of a lateral-flow strip test, an 

inexpensive immunochromatographic method that incorporates antibodies onto a paper strip that 

contacts with the sample to form a color band, the entire time for analysis can be reduced to 3-15 

min (Schubert-Ullrich and others 2009). 

In this study, competitive ELISA will be chosen as the assay format due to its advantages. 

First, only one anti-fish protein antibody is needed in competitive ELISA, and second, it can 

quantitatively analyze the target analyte in unknown samples with a properly selected standard 

curve generated from a set of matched standards containing known amounts of the target antigen. 

(Rao and Hsieh 2008). 

2. The importance for detecting fish protein in heat-processed crab meat 

Inexpensive fish and surimi products could be adulterated in a high-valued seafood 

product such as crab meat without listing in the ingredient statement or disclosed to restaurant 

consumers. Consumers rely on the information provided by the menu, but they do not necessarily 

get what they have paid for. Crab meat adulterated with fish and surimi products not only 

constitute economic fraud but also could lead to food safety issue. Recently, the U.S. 

Government Accountability Office (GAO) has recommended the key federal regulatory agencies 

play a greater role in improving detection and preventing seafood fraud (U.S. GAO 2009). 

A reliable and rapid method for the detection of fish protein in crab meat is critical to the 

success of facilitating fair trade and enforces food labeling laws. However, at present, there is no 

commercially available anti-fish monoclonal antibody-based ELISA capable of detecting and 

quantifying the fish protein in heat-processed crab meat. It has been observed that the 

adulteration problem occurs more frequently in precooked crab meat than in fresh crab due to the 

lack of reliable analytical methods. Most of the immunoassays for fish protein identification are 

not applicable to heat-processed products because of the denaturation of protein antigen by the 

high-temperature cooking process. Consequently, the immunoreactivity and detectability of fish 

protein could be dramatically decreased or eliminated. 
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In this study, we attempt to develop an immunoassay that could detect the presence of 

fish protein in heat-processed crab meat which is urgently needed by regulatory agencies, the 

seafood industry and fish-allergic consumers. A previously developed MAb 8F5 which was 

raised against crude heat-treated protein extract from red snapper, is able to recognize heat-

resistant epitopes appearing in both native and heat-denatured antigen molecules and to 

withstand the heat treatment that food products are routinely subjected to. As a result, MAb 8F5 

can be used to develop inexpensive and rapid immunoassay, enabling fish allergic consumers or 

inspection agency to verify whether the crab meat has been adulterated by fish and surimi 

products regardless the heat treatment of the samples. 

Different processing methods and length might have different effects on food protein 

structure and the antigenic epitopes, which means the immunoreactivity and detectability of the 

target fish protein may increase, decrease, or have no change (Sathe and Sharma 2009). So we 

also attempt to examine the effects of cooking methods and cooking times on the 

immunoreactivity of a representative surimi product using both indirect noncompetitive and 

competitive ELISAs where targeted antigen in the samples in either immobilized or free forms to 

react with the detecting antibody.  

 

1.3 Objectives and Hypotheses 

 

The overall purpose of this research is to develop an enzyme immunoassay using MAb 

8F5 for the detection of fish proteins in heat processed crab meat test. 

The specific objectives are to: a) study the thermal-stable protein profiles of seafood 

samples and examine the molecule weight of target antigenic protein of MAb 8F5; b) examine 

the cross reactivity of MAb 8F5; c) develop a competitive ELISA for the detection of fish protein 

in crab meat samples; and d) study the effects of cooking methods and cooking times on the 

immunoreactivity of surimi product. 

The objectives of this research are based on the following hypotheses. 

Objective one: to study the thermal-stable protein profiles of seafood samples and 

examine the molecule weight of target antigenic protein 

• Sufficient thermal-stable proteins should be able to be extracted from seafood samples 

after cooking (e.g.: 100°C for 10 min). 



6 
 

• The MAb 8F5 should be able to recognize a thermal-stable protein in all surimi and fish 

extracts but does not react with any crab protein extracts. 

Objective two: to examine the cross reactivity of the MAb 8F5 

• The fish-specific MAb 8F5 should not have any cross reactivity with any of the meat 

samples and food additive protein samples. 

Objective three: to develop a reliable competitive ELISA for the detection of fish protein 

in crab meat samples 

• After assay optimization, the assay should be able to detect fish protein in heat 

processed crab meat samples at a desirable detection limit. 

Objective four: to study the effect of cooking methods and cooking times on the 

immunoreactivity of surimi product 

• The immunoreactivity and detectability of target protein in differently heat-processed 

surimi samples may vary because after heat processing, fish proteins may suffer 

denaturation and the antigenic epitopes may be modified.  
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LITERATURE REVIEW 

 

 

2.1 Introduction of Surimi 

 

Surimi is defined as a protein concentrate made of fish muscle and is usually used for the 

manufacture of shellfish analogues or substitutes (Okada 1992). It is minced fish in which all 

water-soluble proteins in the fish muscle have been washed out with chilled water (5-10°C). 

Typically the resulting paste, depending on the type of fish and whether it was rinsed in the 

production process, is tasteless and must be flavored artificially (Lanier and Lee 1992). 

According to the USDA Food Nutrient Database 16-1 (2004), fish surimi contains about 76% 

water, 15% protein, 6.85% carbohydrate, 0.9% fat, and 0.03% cholesterol. The washing 

procedure not only removes fat and undesirable materials, such as blood, pigments and odorous 

substances, but, more importantly, increases the concentration of water insoluble proteins such as 

myofibrillar protein (MPs), they are elastic and make it possible to form surimi into fish cakes 

and crab sticks through further processing (Lanier and Lee 1992). 

Surimi originated in Japan where it has been a traditional food source for centuries and 

the process for making surimi was developed in many areas of East Asia over 900 years ago. But 

now surimi and surimi products are also produced and consumed in Southeast Asia, Korea, 

China, Pacific Russia, North America, Chile, Argentina, and Western Europe (particularly 

France and Spain). In Japan, it is used to make the Kamaboko or cured surimi products. 

Currently, 2-3 million metric tonnes of fish from around the world, amounting to 2-3% of the 

world fisheries supply, are used for the production of surimi and surimi-based products. The 

United States and Japan are the major producers of surimi and surimi-based products (Vidal-

Giraud 2007). For many years, the industry was dependent on the supply and availability of fresh 

fish, while the discovery of adding cryoprotectants to surimi in order to prevent protein 

denaturation during freezing revolutionised the industry (Park and Lanier 2000). 

 

2.1.1 The common fish species used for surimi production 
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Surimi is typically made from white-fleshed fish that has been pulverized to a paste and 

attains a rubbery texture when cooked. The fish used to make surimi include: cold water 

whitefish like Pacific whiting, Alaska pollock, cod, milkfish, swordfish, tilapia and big-head 

pennah croaker; tropical species such as threadfin bream, bigeye snapper, lizardfish and goat fish 

/red mullet (Guenneugues and Morrissey 2005; Tan and others 1994); farmed species like 

Chinese carp and so on (Shaviklo and Gholam 2000). Alaskan pollock (Theragra chalcogramma) 

has been the major fish species used for surimi manufacturing, contributing to 80% of the surimi 

produced in the United States because it has white flesh, tends to be uniform in size, can be 

captured in large volumes by coastal vessels and factory trawlers and makes a high-quality 

surimi product (Lou and others 2000; Tan and others 1994). However, there are indications of 

pollock overexploitation. The U.S. government has established rules over pollock catching 

(Sproul and Queirolo 1994). These rules prohibit foreign companies from fishing in American 

waters and cause a significant reduction in international pollock supply. This has forced surimi 

processors to search for alternative fish species for surimi production. Pacific whiting is an 

underutilized species that has been used for surimi production late 90s of last century (Bouraoui 

and others 1998). Overall, Pacific whiting surimi is lower grade than pollock surimi because the 

lower gel strength of whiting surimi and particularly, the parasite in the whiting not only can 

trigger the endogenous proteases that induce the breakdown of myofibrilar proteins and turn the 

fish to mush, but also leave black spots in the surimi which are caused by pigment that the fish 

deposits around the larval stage of a parasitic digenetic trematode (McReynolds 1999; 

Yongsawatdigul and others 2000). To stop this biochemical breakdown, producers process 

whiting immediately and use enzyme inhibitors such as beef plasma protein (Park and Morrissey 

2000). 

Gelation of surimi occurs through the polymerization of myofibrillar proteins (Lanier 

2000; Hemung and others 2008). The species of fish is the most important factor that affects this 

process. Having considering the poor gelling ability, discoloration problems, lipid oxidation as 

well as the presence of histamine, producers seldom use pelagic fish species with high dark/red 

muscle and fat content (Park and Lanier 2000; Shimizu and others 1992). The reason for poorer 

gelling ability of products from species with darker muscle has been related to high photolytic 

activity due to rapid degradation of myofibrillar proteins, low muscle pH which can lead to 

accelerated protein denaturation, high lipid content and high concentration of sarcoplasmic 
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proteins in the muscle (Shaviklo and Gholam 2006b). 

 

2.1.2 Processing methods of surimi products 

 

Surimi processing consists of several steps that are described in Figure 1. For surimi 

production, raw material should be fresh (within 10 days) and kept chilled because the fish 

freshness affects surimi gel strength and color. Heading and gutting of fish should be done as 

soon as possible. Fish flesh is separated from the bones and skin using a fish bone separator 

machine. This should be done at a low temperature to minimize the deleterious effect of 

frictional heat on the product (Park 2000).  

The most important step of surimi processing to ensure maximum gelling, as well as to 

produce colorless and odorless surimi, is efficient washing. Minced fish meat contains 

approximately two thirds myofibrillar proteins. The remaining one third consists of blood, 

myoglobin, fat and sarcoplasmic proteins, which impede the final quality of surimi gels. 

Washing increases the quality of surimi and extends the frozen shelf life by removing the 

undesirable one third, thus concentrating the functional myofibrillar proteins. The leaching 

process involves mixing mince meat with cold water (5ºC) and removing water by screening and 

dehydration. This process is usually repeated three times. Before the final dewatering under a 

screw press, undesirable material particles, such as scales, and connective tissue are removed by 

a refiner. The screw press, which commonly has 0.5 mm perforation, squeezes water out with 

compression to leave 82-85% moisture in the pressed mince, which is similar to that in a fish 

fillet (Park 2000). The number of washing cycles and water volume varies with fish species, 

freshness of fish, type of washing unit, and the desired quality of the surimi (Shaviklo and 

Gholam 2000). The addition of cryoprotectants is important to ensure maximum functionality of 

frozen surimi because freezing induces protein denaturation and aggregation. Typical ingredients 

added to surimi for cryoprotection include sugar, sorbitol and polyphosphates (Matsumoto 1978). 

For surimi seafood production, after the metal detection, the packaged frozen surimi 

blocks are first thawed and then smashed with other food ingredients such as salt, starch, egg 

white and flavorings (Park 2005). Extruding is subsequently followed to form the various 

seafood products, such as imitation crab, lobster, scallop or shrimp (Lee 1984). There are three 

styles of surimi seafood: filament, solid, and molded (Hunt and others 2009). Crab products are 
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made in a filament style and come in the form of stick, flake, or chunk. Molded products, like 

shrimp and lobster, are made by mixing shredded surimi with surimi paste. Then the mixture can 

be cooked in the form of sticks or chunks (Park 2005). To make surimi from oily or dark muscle 

fish, such as sardine and salmon, certain steps must be applied to negate the effects of heme 

proteins such as myoglobin and hemoglobin, which account for the red color of fish muscle. 

Furthermore, fat oxidation in the dark muscle leads to the offensive and rancid odor of surimi 

products (Park and others 2005a). 

 

2.1.3 Other ingredients in surimi products 

 

Surimi is stabilized myofibrillar proteins obtained from mechanically deboned fish flesh 

that is washed with water (Hamada and Inamasu 1983). Before 1960, surimi was manufactured 

and used within a few days as a refrigerated raw material because freezing commonly 

deteriorated muscle proteins and induced protein denaturation. However, with the discovery of 

cryprotectants, the surimi product was able to be stored for a long time (Matsumoto 1978). 

Depending on the desired texture and flavor of the surimi product, the fish paste is mixed with 

different proportions of additives such as starch, egg white, salt, vegetable oil, sorbitol, sugar, 

soy protein, seasonings and chemical enhancers such as transglutaminase (TGase) and 

monosodium glutamate (MSG) (Park 2000). 

The textural properties of surimi are affected by the physico-chemical properties, 

distribution and volume fraction of the added ingredients, and also by their interactions with the 

protein gel matrix (Lee 2002). Egg white and starch are two of the major ingredients added to 

surimi (Campo-Deano and Tovar 2009). Proteins in egg white have unique functional properties 

which include gelling, foaming, heat setting and binding adhesion (Jerez and others 2007; Mine 

1995). Ovalbumin is the most abundant of egg white proteins, comprising 54% of the total egg 

white proteins (Stevens 1991). One of its important functional properties is the ability to form 

heat-induced gels. (Eleya and others 2004). Currently, the surimi industry does not have an 

identification standard for protein additives such as egg white. One method used to detect protein 

additives in surimi is SDS–PAGE (Reed and Park 2008). And the indirect ELISA has been used 

to qualify and quantify egg white in cooked surimi products (Reed and Park 2010). These 

methods can effectively avoid the abuse of protein additives in surimi which affects the quantity 
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and quality of surimi products. Starch is the most widely used filler ingredient of surimi products 

because of its high capacity to swell and hold water. Native starch granules are insoluble or 

poorly soluble in cold water, but when they are heated to a specific temperature, called the 

gelatinization temperature, they become swollen and dramatically increase the viscosity of the 

suspension (Lee and others 1992; Waniska and Gomez 1992). This helps maintain gel strength 

and ensures storage stability of surimi (Montero and Gomez-Guillen 1996; Park 2000). Thus, 

using an appropriate starch concentration is crucial to obtain a widely acceptable surimi product. 

Specifically, the stiffness and hardness of surimi product increase with increasing starch contents 

(Park 2000). According to Campo and Tovar‘s study (2008), the best starch content for Alaska 

pollock surimi and Pacific whiting was found to be 11% and 11-15%, respectively. 

As noted before, the endogenous protease in fish can induce the breakdown of 

myofibrilar proteins (Yongsawatdigul and others 2000). Research has shown the protease 

inhibitors, including chicken plasma protein, beef plasma protein, egg white, whey protein 

concentrate and potato extract, can prevent proteolysis (Park 2000; Weerasinghe and others 1996; 

Yongsawatdigul and Piyadhammaviboon 2004). However, the addition of beef plasma protein to 

human food has been banned because of the concern of bovine spongiform encephalopathy (BSE) 

or ―mad cow disease‖. Duangmal and Taluengphol (2010) have demonstrated that microbial 

transglutaminase (MTGase) could replace beef plasma protein successfully and alleviate public 

health concerns about BSE because NTGase catalyzes the formation of the extensively cross-

linked, generally insoluble protein polymers which exhibit high resistance to proteolysis. 

 

2.1.4 Surimi-based products 

 

As a source of high-protein product, surimi has been used in different countries for 

producing surimi-based products such as fish cakes, fish balls, fish burgers, fish sausages, fish 

noodles, imitation crab sticks and shrimp tails (Park and others 2005a). It has been recognized as 

a major source of nutrients and has been substantially used in response to the increasing demand 

for low-cholesterol, low-fat foods (Campo and Tovar 2008). In the West, surimi is used to 

produce imitation seafood products such as crab, abalone, shrimp and scallop; In Chinese cuisine, 

surimi is used directly as stuffing or made into balls; Surimi made from kosher fish such as 

pollock is also used to make kosher imitation shrimp and crabmeat. 
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Fish cakes. The kamaboko (Japanese fish cake) is the most typical surimi-based product 

in Japan and it often refers to all surimi-based products in this market (Shaviklo and Gholam 

2000). Kamaboko is generally produced through a multi-step process. The first step is mix the 

surimi with salt to induce dissociation of actomyosin (Mackie 1993). The second step is combine 

the surimi with functional additives such as egg white and MSG and formed into loaves (Lee and 

others 1992). After forming, the surimi paste is subjected to a low temperature setting process, 

20-40ºC for 30-60 min, depending on the species and size of product. During this process, the gel 

strength is enhanced and a strong and elastic gel is formed (Sakai and Mao 2006). Last step is 

boiling or steaming the surimi until fully cooked.  

The shape and texture of Japanese fish cakes varies in different geographical region in 

Japan. Another type of Kamaboko is called moulded Kamaboko. The process is almost the same 

as for regular Kamaboko, but surimi paste is poured into a plastic mould and cooked at 90ºC 

(baking/steaming) after setting at 10-15ºC for 1 h. The finished products are packed, pasteurized 

and chilled before on the market (Park 2005b). 

Fish balls. Fish balls are the most popular surimi-based products in Southeast Asian 

Country such as Thailand, Vietnam and Malaysia. A variety of protein additives and spices are 

used in fish ball formulation such as salt, sugar, MSG, egg white and starch (Shaviklo and 

Gholam 2006b). Once the paste has been prepared, it is formed into a ball shape using a special 

device and dropped into warm water and allowed to set for 30-60 min. Then they are placed in 

hot water for 10-30 min followed by chilling under tap water. After draining the water, the fish 

balls are then packed before checking with metal detection (Park 2005b). 

Crab sticks. The most popular surimi-based products in the U.S. are imitation crab sticks. 

Since crab sticks are already cooked during the production process, they can be eaten directly 

from the package. Crab sticks actually do not contain any crab and they are often used in seafood 

salads as a cheaper substitute for real crab meat. The primary ingredient in most crab sticks is 

minced fish flesh (Reed and Park 2008). To make the characteristic crab stick, crab flavoring is 

added to the meat (either artificial or crab-derived) and finally a layer of red food coloring is 

applied to the outside. The texture is rubbery, with a slightly salty taste and smells similar to 

steamed crab. 

Meat surimi. In recent years, there has been considerable increase in manufacturing meat 

surimi from the muscle of animal species other than fish (Antonomanolaki and others 1999). 
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Meat surimi is a common product in Chinese food although people seldom find it in Japanese 

and Western markets. Meat surimi can be shaped into meat balls which are much firmer and 

denser than fish balls. The characteristics of meat surimi from poultry, beef, pork and sheep have 

been studied (Burgen and others 1990; Yang and Froning 1992; Kenney and others 1992; Liu 

and Xiong 1996; Park and others 1996). 

 

2.2 Adulteration Associated with Surimi 

 

Seafood is one of the important high-value products and its functionalities for human 

body have been showed by researchers over the past few decades (Scorza and others 2010). With 

these properties, seafood is easily becoming the target of intentional adulteration. Seafood 

adulteration is a major concern not only for the prevention of economic fraud, but for the 

assessment of safety risks derived from the introduction of any food ingredients that might be 

harmful to human health (Brzezinski 2005; Civera 2003; Lockley and Bardsley 2000). While 

previous research has been done to detect adulteration in honey, juices and olive oil, little 

research has focused on seafood products adulteration, such as crab meat (Gayo and others 2006). 

Recently, the crab meat market in U.S. has become a target for economic adulteration due 

to the reduced production of crab meat and the increased demand of this tasty seafood from all 

over the country. To continue their business and further gain more profits, some companies have 

gone as far as economically adulterating their crab meat by cheaper surimi products; some 

retailers and buffet restaurant even use surimi products mixed into different dishes which are 

claimed to have crab meat and sold at the crab meat price. One such example is Miss Sally‘s 

Stuffed Crabs from Sam‘s Club membership stores (FDA 1995). The packages of this product 

contained pictures of crab shells stuffed with chunks of white meat and the product claimed to 

have ―more crab meat than ever‖ (Gayo and others 2006). However, it was found to contain 

surimi-based imitation crab meat upon United States Food and Drug Administration (FDA) 

inspection (Gayo and others 2006). 

February 2011, a food product named "Golden Crab" was added to the KFC menu in 

China mainland. It was described as ground crab meat served fried and stuffed in a crab shell. 

After people visited KFC and tried the new product, complaint quickly spread among customers 

because the taste and smell of ―Golden Crab‖ was unpleasant and could be adulterated by much 
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cheaper seafood products such as surimi. One of the consumers even uploaded a picture of a 

half-finished "Golden Crab" which showed the presence of fish bones. As a consequence, ―some 

KFC branches have stopped selling the product and removed their advertising posters‖, reported 

Beijing Youth Daily. However, KFC said in a statement that ―the crab used is called Ovalipes 

Punctatus, a wild ocean crab dwelling in the East and South China seas. And all the crabs are 

purchased in bulk from Zhoushan in Zhejiang Province‖. They insisted that their cooking process 

strictly followed the quality control rules. 

These crab meat adulteration incidents convinced us that surimi, the raw material used for 

the manufacture of shellfish analogues or substitutes, for example ―crab stick‖ has the potential 

for adulteration and substitution (Lanier and lee 1992; Mackie 1992). To better protect those 

individuals who suffer from fish allergy and prevent of economic fraud, Taylor and Leighton 

Jones (1992) have developed an immunoassay based on an indirect noncompetitive ELISA to 

detect the adulteration of high-value crustacean tail meat products with lower value fish. They 

used rabbit polyclonal antisera which were raised against water soluble extracts of canned 

sardine, albacore tuna, yellowfin tuna, skipjack tuna and bonito. However, these antisera only 

can exhibit relatively high cross-reactivity with a wide range of fish extracts and relatively low 

cross-reactivity with crustacean tailmeat extracts (Taylor and Leighton Jones 1992). To develop a 

rapid assay that could be used routinely to quantitatively detect, with low detection limit, the 

adulteration of high value crab meat with fish and surimi products, further study would also be 

needed. 

 

2.3 Relevant Regulations of Surimi 

 

In the United States and other countries, recalls due to undeclared allergens have been 

increasing. In 1999, a total of 68 recall actions involving 236 food products were recalled by the 

FDA for undeclared allergens (Vierk and others 2002). In 2000, the number of recalls because of 

unlabeled allergens rose to 121. Ingredient statement omissions or errors and contamination 

caused by shared equipment are two most common problems leading to undeclared allergens 

recalls. Food allergy is an important health problem and over 160 food materials have been 

identified so far to be allergenic. According to several European and American authors, food 

allergies affect up to 2% of the adult population and up to 8% of children (Ortolani and others 
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2001; Sicherer and others 2003; Woods and others 2002). For the allergic consumer it is 

particularly important to obtain full information about potential allergens contained in a food 

product from clear and accurate labeling because the undeclared allergens as contaminants in 

food products pose a major risk for sensitized persons (Arjon and van Hengel 2007; Poms and 

others 2004). 

In United States, legislation has been carried out to achieve a high level of health 

protection for allergic consumers (Arjon and van Hengel 2007). On January 1, 2006, The US 

Congress enacted a new labeling law-the Food Allergen Labeling & Consumer Protection Act 

(FALCPA) and many of the provisions of this law will benefit food-allergic consumers by 

requiring a clearer labeling of the ingredients in allergic food and list the ingredients in 

descending order of predominance. It recognizes milk, eggs, fish, shellfish (shrimp, prawns, crab 

and lobster), peanuts, soy, wheat, and tree nuts as the most common allergenic foods and requires 

the use of ‗plain English language‘ to identify the sources of ingredients derived from commonly 

allergenic sources (FDA 2004). The presence of common allergenic foods or ingredients derived 

from such foods can be provided in one or more ways: (1) The ingredient can simply be 

identified on the ingredient list, for example fish, peanuts and wheat starch; (2) The source of the 

ingredient can be identified parenthetically in the ingredient list, for example natural flavor 

(milk), lecithin (soy), casein (milk); and (3) A ‗contains‘ statement can be used immediately 

below the ingredient statement, for example ‗Contains: fish, shellfish, and soybean‘ (FDA 2004). 

While the implementation of the FALCPA makes sense for principal components, it creates 

potential confounding issues with certain ingredients. Firstly, the source of some ingredients is 

not readily apparently from the name that is designated on the ingredient statement. For example, 

a consumer might not recognize, until educated, that casein and whey are milk-derived 

ingredients that must be avoided by those allergic to milk. Secondly, the FALCPA requires the 

designation of the species on labels for fish and crustacean shellfish. Fish gelatin is primarily 

composed of proteins derived from fish; it might be made from the skins, bones and fins of 

multiple fish species such as cod, flounder or haddock (Hansen and others 2004). The 

identification of fish gelatin could lead to serious restriction of the diets of allergic consumers 

and create potential confusion. Thirdly, the use of shared equipment and facilities, the packaging 

and formulation errors can lead to rather hazardous levels of hidden allergens in some cases 

(Jones and others 1992; Warner 2005; Yunginger and others 1983). 
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February 2011, Canadian Minister of Health has announced regulations to strengthen the 

country‘s labeling of food allergens. This will help Canadians who with food allergies be able to 

make more informed choices about the foods they buy. The new regulations will require 

additional labeling and strengthen the labeling requirements through clearer language and the 

declaration of otherwise ―hidden‖ allergens (Health Canada 2011). Because of the complexity of 

the changes and the shelf-life of foods, the coming into force date of the regulations is set for 

Aug. 4, 2012 to allow the food industry implementing the new allergen labeling regulations. 

Some food companies in certain countries such as the U.S. and UK also provide 

consumers with precautionary labeling such as ―may contain fish‖ to alert them the products are 

subject to adventitious contamination (Hefle and Taylor 2004). The form of such labeling varies 

from country to country. This might confuse food-allergic consumers as they travel to another 

country or purchase imported packaged foods. There is no standard form for such labeling in the 

U.S., but three different formats predominate: (1) ‗may contain‘, (2) ‗manufactured on shared 

equipment with‘, and (3) ‗manufactured in shared facility with‘. Precautionary labeling also 

decreases the food choices of food-allergic consumers and this can have a serious impact on their 

quality of life. Thus, food companies should be urged to use precautionary labeling only in 

situations where a risk to allergic consumers is plausible and potentially hazardous (Taylor and 

Hefle 2001, 2006). 

According to the Codex Alimentarius Commission amendment to the Codex General 

Standard for the Labeling of Prepackaged Foods, prepackaged food such as surimi products, 

shall not be described or presented in a manner that is misleading or deceptive by words, 

pictorial or other devices. Moreover, as an imitation product, FDA regulations require that all 

packages of surimi must include the term ―imitation‖ (Park 2000b; SeaFood Business 1997, 

2000). The National Fisheries Institute (NFI) and surimi producers have argued over the past 10 

years that the word "imitation" was misleading customers into thinking that the product they 

bought wasn't real seafood. Surimi products now can be sold in packaging that says "flavored 

seafood, made with surimi, a fully cooked fish protein". 

In addition to regulatory labeling of pre-packaged food, there is a need to address allergen 

information about foods sold from retailers and catering outlets. Because many of the most 

serious allergic reactions occur in restaurants and other food-service establishments where full 

label disclosure of ingredients is typically not practiced (Sampson 1992; Yunginger 1988). These 
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foods represent a considerable risk to allergic consumers when they eat out. In the U.S., the 

Hospitality Institute of Technology and Management have produced three guidelines for caterers 

and retailers to completely avoid the specific allergens (Snyder 2005). The first guideline is 

customers need to know their food allergies or intolerances and be able to communicate this 

information to the server or other staff member. Second, servers and staff can listen to a 

customer's statements that he/she has an allergy to a specific ingredient and then find out from 

the chef or manager if that ingredient is in the menu item that the customer would like to eat. The 

third and final is the chef/manager must assure that GMPs/SSOPs control the chance of cross-

contamination of allergenic ingredients during food preparation (Snyder 2005). 

Ingredient labeling regulations differ significantly from one country to another and some 

labeling still remains confusing (Arjon and van Hengel 2007). Food-allergic consumers cannot 

completely rely upon the information presented on food labels; they must educate themselves 

about label designations and ingredient names and always perform diligent reading of labels to 

make wise choices. Furthermore, effective and rapid detection methods of fish and surimi 

products are urgently needed to provide more complete and accurate labeling of food. 

 

2.4 Methods for the Detection of Fish Proteins 
 

The detection of allergenic ingredients in food products has received increased attention 

from the regulatory agencies over recent years. Consumers demand quality products that are 

labeled honestly in order to assure food safety and fair pricing. Therefore, there has been a need 

for the improvement of detection and quantification methods for food allergens to ensure 

compliance with food labeling and to improve consumer protection.  

Mass spectrometry (MS) is a powerful tool with several advantages. Including the 

possibility to perform quantitative analysis, great sensitivity for structural identification and 

molecular separation based on the mass to charge ratio of analtyes (Mohamed and Guy 2011). 

Although identification of trace evidence of drugs and toxins in biological matrices using MS 

detection are common, its application has not been extensively applied to the direct detection of 

fish protein (Lucker and others 2004). Traditionally, fish protein detection has been established 

through one of five approaches: Electrophoresis methods, chromatographic methods, 

spectroscopy methods, molecular biology-based methods and enzymatic immunological methods 
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(Arvanitoyannis and others 2005; Poms and others 2004). 

Electrophoresis, such as sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE), isoelectric focusing (IEF) and isozyme staining, is a powerful technique for the 

separation of soluble protein into distinctive banding patterns (An and others 1989; Seki and 

others 1980; Sutton and others 1983; Suzuki 1975). It has been used to detect the adulteration of 

different products such as orange juice (Saavedra 2000), locust bean gum (Flurer and others 

2000), smoked paprika (Hernandez and others 2007), milk (Muller 2008), meat (Liu and others 

2006) and fish (Hsieh and others 2009). Additionally, one research group showed that estimation 

of surimi protein content can be achieved using SDS-PAGE methods (Reed and Park 2008). 

However, most electrophoretic methods are used in raw samples, because heat will denature and 

insolubilize most of the proteins which result in only a few weak bands. 

Chromatographic methods such as gas chromatography (GC), liquid chromatography (LC) 

and high performance liquid chromatography (HPLC) have all been reported for fish detection 

based on the examination of their fatty acid composition (Monti and others 2005) and protein 

profiles (Carrera and others 2010; Wang and others 2010). While GC and LC are generally 

disadvantageous in terms of poor reproducibility, HPLC is a method with high sensitivity and 

reproducibility that is suitable for routine analysis. However, currently developed HPLC 

methods require long sample extractions and data analysis times which limit their widespread 

use. Chromatographic methods are less effective in detecting adulterated products in fish and 

shellfish mixtures because of the increased complexity of the chromatographic patterns. In 

addition, the requirements of expensive instruments and sample preparation procedures have 

restricted their use for regulatory purposes. 

Most of the initial research to detect adulteration has focused on detailed and expensive 

methodologies such as gas chromatography and mass spectrometry to identify unique chemicals 

that distinguish one ingredient from another (FDA 1999). However, spectroscopy method is 

another useful tool when properly applied and requires minimal sample preparation and 

destruction. It is based on the light absorption at selective wavelength of the electromagnetic 

spectrum by the molecules in the samples. A visible and near-infrared (VIS/NIR) has been used 

to detect economic adulteration of crab meat samples (Gayo and others 2006). Prediction and 

quantitative analysis was done and the results suggest that VIS/NIR technology can be 

successfully used to detect adulteration in crab meat samples adulterated with surimi products, 
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but the data pretreatments and the choose of different models are time-consuming.  

Molecular biology-based methods use techniques such as polymerase chain reaction 

(PCR), restriction-enzyme fragment length polymorphism (RFLP) to identify fish-specific 

nucleotide sequences or variations (Akasaki and others 2006; Benedetto and others 2011; Hisar 

and others 2006). They can be applied in both raw and highly processed products even with 

extensive protein denaturation, so they are the most specific and sensitive methods for fish 

ingredients detection. However, they require expensive laboratory equipment and a high degree 

of technical expertise for data interpretation. In addition, most molecular biology-based methods 

require the extraction of nucleic acids from the sample tissue, which limit its application for 

large-scale practice and the development of field testing kits (Lin and Hwang 2007). 

Immunoassay systems are suitable for use in the laboratory for routine analyses or large-

scale sample screening, as well as for the development of convenient test kits. These assays only 

require simple sample preparation and need no major instruments. Commercial ELISAs are 

available for the detection of peanuts, egg, milk, almond, hazelnuts, whey, sesame, and wheat 

(Demeulemester and others 1991; Diaz-Amigo 2010; Garber and Perry 2010; Redl and others 

2010; Vadas and Perelman 2001; Yeung 2000). The usefulness of ELISA for the qualitative 

detection and quantification of bovine blood in heat-processed meat and feed has also been 

reported (Rao and Hsieh 2008). In addition, there are methods developed that have not yet been 

published and commercialized. These immunochemical tools allowed greater protection of the 

food-allergic consumer, provided tools for the allergist to investigate those possible ―hidden‖ 

allergens in foods and also provided the information needed for more complete and accurate 

labeling of food (Hafle and Taylor 2004). However, availability of suitable Ab is the major 

limitation for the application of immunoassay methods. 

Nowadays, the usefulness of ELISA for the qualitative detection or quantification of 

allergens or target proteins of potentially allergenic food have been reported. Several methods 

have been used to detect and identify the allergenic fish proteins such as immunodiffusion and 

ELISA (Gajewski and Hsieh 2009; Hsieh and others 2009; Sutton and others 1983). For example, 

an agar-gel immunodiffusion assay for the rapid identification of raw pollock surimi was 

developed by Dreyfuss and others (1997) using rabbit anti-surimi serum. Its ability to detect 

surimi in meat-fish combinations was assessed by testing prepared sample composites of known 

amounts of surimi adulterating ground meat. The Alaska pollock surimi mixed into ground pork, 



20 
 

horse, sheep, turkey and kangaroo muscle tissue was detectable at the 2% level. When mixed 

into ground beef or deer meat, sensitivity was reduced to 4% (Dreyfuss and others 1997). The 

results showed that this assay was specific to surimi and was a potentially valuable test for 

inspectors. 

Due to the difficulties in detecting low levels of surimi added in crab meat, there are no 

standard test for verification and quantification of the fish protein in the commercial adulterated 

crab products. Therefore, in this study, we attempt to develop an effective and rapid 

immunoassay for the detection of surimi products in heat-processed crab meat. Thermal 

processing brings major changes in the immunoreactivity of antigenic protein present in the food. 

Different food processing methods such as boiling, microwaving or deep frying might have 

different effects on food protein structure and the antigenic epitopes. Thus, these thermal 

processing methods may increase, decrease, or have no effect on immunoreactivity of specific 

food proteins (Sathe and Sharma 2009). This study also examined the effect of different cooking 

methods and cooking times on the immunoreactivity of a representative surimi product. 

 The results of these studies would greatly help discourage the illegal practice of 

substituting crab meat by cheaper surimi products at the retail and restaurant levels and it is also 

important for the protection of those individuals who suffer from fish allergy. Monoclonal 

antibody (MAb) 8F5, previously developed in our laboratory against crude thermal-stable protein 

extract from cooked (100C, 15 min) red snapper, will be used for this study. 
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MATERIALS AND METHODS 

 

 

3.1 Materials 
 

Acetic acid, Bovine serum albumin (BSA), citric acid, egg albumin, glycerol, hydrogen 

chloride (HCl), 2-mercaptoethanol (2-ME), sodium chloride (NaCl), sodium bicarbonate 

(NaHCO3), sodium carbonate (Na2CO3), sodium hydroxide (NaOH), sodium phosphate dibasic 

anhydrous (Na2HPO4), sodium phosphate monobasic anhydrous (NaH2PO4), sodium dodecyl 

sulfate (SDS), Tween 20, Whatman no. 1 filter paper, 96-well microplate (Costar 2595) and 96-

well polystyrene microplate (Costar 9018) were purchased from Fisher Scientific (Fair Lawn, 

NJ). Alkaline phosphatase (AP) conjugate substrate kit, Dye reagent concentrate, gelatin, goat 

anti-mouse IgG (H+L) AP (anti-IgG-AP) conjugate, Mini-Protean III electrophoresis cell, Mini 

Trans-Blot Electrophoretic Transfer Cell, Nitrocellulose membrane, protein assay kit II, 0.5 M 

Tris-HCl buffer (pH 6.8), 1.5 M Tris-HCl buffer (pH 8.8), 30% acrylamide/bis solution, 

N,N,N‘,N‘-tetramethyl-ethylenediamine (TEMED), 20 mM Tris-buffered saline (TBS, pH 7.5), 

Tris-glycine buffer, Tris-glycine-SDS buffer and Precision Plus Protein Kaleidoscope Standards 

for Western blotting were purchased from Bio-Rad Laboratories, Inc. (Hercules, CA). 2,2‘-

azinobis( 3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), ammonium 

persulfate, EZBlue Gel Staining Reagent, hydrogen peroxide (H2O2) solution (30%, g/g), goat 

anti-mouse IgG (Fc-region specific) horse radish peroxidase (anti-IgG–HRP) conjugate and 

Ponceau S were purchased from Sigma-Aldrich Co. (St. Louis, MO). Methanol was purchased 

from VWR International (West Chester, PA). Absolute ethanol was purchased from Pharmco 

Products Inc. (Brookfield, CT). All chemicals and reagents were analytical grade. All solutions 

were prepared using distilled, deionized, and sterilized pure water from the NANOpure Diamond 

ultrapure water system (Barnstead International, Inc., Dubuque, IA).  

Soy protein concentrate was purchased from Central Soya Co. (Fort Wayne, Ind.). Whey 

protein concentrate was purchased from Davisco Foods International, Inc. (Eden Prairie, MN). 

Surimi products, fish, shellfish, beef, pork, chicken breast, chicken thigh, lamp, rabbit, turkey 

breast, turkey thigh, nonfat dry milk (NFDM) and CRISCO pure canola oil were purchased from 

local supermarkets (Tallahassee, FL). Horse meat was obtained from the college of Veterinary 
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Medicine, Auburn University (Auburn, AL). Deer meat was supplied by the Fats and Proteins 

Research Foundation (Bloomington, IL). 

MAb. The MAb used in this study, 8F5, was previously developed in our laboratory 

against crude thermal-stable protein extract from cooked (100C, 15 min) red snapper, and is 

specific to fish species. The supernatant of MAb 8F5 was used and stored in 15 ml sterile tubes 

at 4C. 

 

3.2 Methods 

 

3.2.1 Preparation of seafood protein extracts 

 

The products information of these seafood samples were showed in Table 1. All the 

seafood products were cut into small pieces with the approximate size of 8 mm × 8 mm × 3 mm. 

About 10 grams of each sample was weighted in a beaker covered with aluminum foil and sealed 

with the autoclave tape, then heated in a boiling water bath for 10 min at 100C. After cooling at 

room temperature, each cooked sample was mashed into fine particles using a glass rod. Then 30 

ml of saline (0.15 M sodium chloride) was added to the mashed samples and held overnight at 

4C (Hsieh and others 2009). The mixtures were then centrifuged at 3,220  g for 30 min at 4C, 

using the Eppendorf 5810R centrifuge (Brinkmann Instruments, Inc., Westbury, NY). The 

supernatants were filtered through Whatman no. 1 filter paper, aliquoted into 1.5 ml 

microcentrifuge tubes (Fisher) and stored at -20C until use. The protein concentration of each 

extract was determined using the Protein Assay Kit II (Bio-Rad). BSA was used as the protein 

standard within the 0.05 to 0.5 mg/ml linear range. 

 

3.2.2 Preparation of meat protein extracts 

 

Fat and connective tissues were trimmed off meat samples (pork, beef, chicken, turkey, 

and lamp). The lean meat samples were then cut into small pieces and ground twice using a meat 

grinder (Waring Consumer Products, East Windsor, NJ) to ensure homogeneity. About 10 grams 
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of minced meat from each species was weighted in a beaker covered with aluminum foil and 

sealed with the autoclave tape, then heated in a boiling water bath for 10 min at 100C. After 

cooling at room temperature and adding 30 ml of saline (0.15 M sodium chloride), the samples 

were then centrifuged, aliquoted and stored in the same manner as the cooked seafood samples 

described above. 

 

3.2.3 Preparation of nonmeat protein extracts 

 

The nonmeat proteins used in this study included BSA, egg albumin, gelatin, NFDM, soy 

protein concentrate and whey. About 2 grams of each sample was weighed into a beaker and 

mixed with 4 ml of 0.15 M sodium chloride. After heated the mixtures in a boiling water bath for 

10 min at 100C, each sample was mashed with 6 ml of 0.15 M sodium chloride. The sample 

extracts were then centrifuged, aliquoted and stored in the same manner as the cooked seafood 

samples described above. 

 

3.2.4 Preparation of laboratory-spiked samples 

 

Surimi is typically made from white-fleshed fish such as whiting, pollock and cod (Tan 

and others 1994). Therefore, the following eleven sets of spiked samples were used in this study: 

surimi #1 (Icicle Supreme – Lobster Style) in crab meat (S1 in C), surimi #2 (Icicle Supreme – 

Leg Style) in crab meat (S2 in C), surimi #3 (Crab Smart Natural) in crab meat (S3 in C), surimi 

#4 (Jaiba Supremo – Flake Style) in crab meat (S4 in C), surimi #5 (Crab Delights – Flake Style) 

in crab meat (S5 in C), surimi #6 (Snow Legs) in crab meat (S6 in C), surimi #7 (Fish Balls) in 

crab meat (S7 in C), surimi #8 (Fish Cake) in crab meat (S8 in C), whiting in crab meat (W in C), 

pollock in crab meat (P in C) and cod in crab meat (Cod in C). They were prepared by mixing 

surimi or fish product with crab meat at 1% (0.1 g was mixed with 9.9 g) and 5% (0.3 g was 

mixed with 5.7 g) levels. Then the samples were cooked, extracted, centrifuged, aliquoted and 

stored in the same manner as the cooked seafood samples described above. 

The spiked samples at lower levels were prepared by diluting the 5% (g/g) spiked sample 

extracts with pure (100%) crab meat extract at levels of 0.5%, 0.2%, 0.1%, 0.05% and 0.01%. 
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All samples were stored at -20C until use. 

 

3.2.5 Preparation of protein extracts from a representative surimi processed with different 

cooking methods and cooking times 

 

Surimi #4 (Jaiba Supremo – Flake Style) was used to prepare surimi protein extracts 

processed with different cooking methods and cooking times. Surimi samples were cut into small 

lumps, 5 grams each, before heat treatment to extract the maximum amount of target antigenic 

protein. Six cooking methods were used in this experiment with three different cooking times 

and one non-processed control, respectively. 

A) Boiling: surimi lumps and 15 ml water were put in beakers covered with aluminum 

foil and sealed with the autoclave tape, then boiled in water bath at 100C for 10, 15 and 20 min, 

respectively. B) Steaming (without water in the beakers): surimi lumps were put in beakers 

covered with aluminum foil and sealed with the autoclave tape, then boiled in water bath at 

100C for 10, 15 and 20 min, respectively. C) Soup: collected the remaining liquids from non-

processed, 10, 15 and 20 min boiling samples as non-processed, 10, 15 and 20 min soup samples, 

respectively. D) Baking: surimi lumps were placed on a 9 by 9 inches household baking sheet 

and baked in the oven for 10, 20 and 30 min, respectively after the oven temperature reaching 

300F. E) Microwaving: surimi lumps in microwave container were cooked in the microwave 

oven on high power level for 0.5, 1 and 1.5 min, respectively. F) Deep frying: surimi lumps in 

chip pan were deep fried with CRISCO pure canola oil for 0.5, 1 and 1.5 min, respectively. 

After cooling the samples to room temperature (25C) by cooling samples immediately 

on ice after heat treatment, each sample was mashed into fine particles using a glass rod. Then 15 

ml of saline (0.15 M sodium chloride) was added to the mashed samples and held overnight at 

4C. All the samples were then centrifuged, aliquoted and stored in the same manner as the 

cooked seafood samples described above. The protein concentration of each extract was 

determined using the Protein Assay Kit II (Bio-Rad). BSA was used as the protein standard 

within the 0.05 to 0.5 mg/ml linear range. 
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3.2.6 Sodium dodecyl sulfate–polyacrylamide gel electrophoresis and Western blot 

 

To study the thermal-stable protein profile of seafood samples and examine the molecule 

weight of target antigenic protein, the cooked seafood protein extracts were separated by means 

of SDS–polyacrylamide gel electrophoresis (SDS-PAGE) (5% stacking gel and 14% separating 

gel) in a Mini-Protean III electrophoresis cell (Bio-Rad) (Laemmli 1970). The running buffer 

was 25 mM Tris buffer (pH 8.3) containing 192 mM glycine and 0.1% SDS (g/ml). After 

running at 200 volts for about 45 min at room temperature, the gels were stained with the 

EZBlue Gel Staining Reagent (Sigma-Aldrich). 

To further examine the antigenic protein in these extracts, the separated protein bands in 

unstained gels were transferred to supported nitrocellulose membranes (Bio-Rad) using the Mini 

Trans-Blot electrophoretic transfer cell (Bio-Rad) according to the method of Towbin and others 

(1979). The transfer buffer was 25 mM Tris buffer (pH 8.3) containing 192 mM glycine, 0.1% 

SDS (g/ml) and 20% methanol (ml/ml). The running condition was 100 volts for 1 h with 

cooling unit. After transferring, the membrane was incubated in the blocking solution (20 mM 

TBS containing 1% BSA [g/ml]) for 2 h at room temperature, and then incubated overnight at 

4ºC with supernatant of MAb 8F5 diluted 1:5 (ml/ml) in antibody buffer (TBS containing 1% 

BSA [g/ml] and 0.05% Tween 20 [ml/ml]). The membranes were then incubated for 2 h with 

anti-IgG-AP conjugate (Bio-Rad) diluted 1:3,000 (ml/ml) in antibody buffer. Staining was 

performed using the AP conjugate substrate kit (Bio-Rad) following the manufacturer‘s 

instructions. Between each step, the membranes were washed several times in washing buffer (20 

mM TBS containing 0.05% Tween 20 [TBST, ml/ml]). The Precision Plus Protein Kaleidoscope 

standards (Bio-Rad) were used for accurate molecular weight estimation on gels and blots.  

 

3.2.7 Indirect noncompetitive enzyme-linked immunosorbent assay (ELISA) 

 

The lack of cross-reactivity of MAb 8F5 was confirmed by testing against various cooked 

sample extracts including meats and common protein additives using indirect noncompetitive 

ELISA (Figure 2). The effect of cooking methods and cooking times on the detectability of a 

representative surimi product was also examined with an indirect noncompetitive ELISA which 

provides the preliminary information for each sample. Diluted samples in 50 mM carbonate-
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bicarbonate buffer (35 mM NaHCO3 and 15 mM Na2CO3, pH 9.6) and coated onto a 96-well flat 

bottom polystyrene high bind microplate (Costar 9018) (Fisher Scientific, Fair Lawn, NJ), then 

incubated at 37C for 2 h. After three washing steps with washing buffer (PBS containing 0.05% 

Tween 20 [PBST, ml/ml], pH 7.2), the remaining binding sites were blocked with blocking buffer 

(PBS containing 1% BSA [g/ml], pH 7.2) for 2 h at 37°C. After two washes, the supernatant 

MAb 8F5 (100 μl/well) with a 1:4 dilution in antibody buffer (PBST containing 1% BSA [g/ml], 

pH 7.2) was added to the plate and incubated at 37°C for 2 h. After another three washes, 100 

μl/well of anti-IgG-HRP conjugate (Sigma-Aldrich) diluted 1:3,000 in antibody buffer was added 

to the plate and incubated at 37°C for 2 h. Following five washing steps, the color was developed 

by adding 100 μl/well of 0.4 mM ABTS substrate solution (0.22 mg/ml of ABTS in 50 mM 

phosphate-citrate buffer [50 mM Na2HPO4 and 25 mM citric acid, pH 5.0] containing 0.15 μl/ml 

of H2O2) followed by incubation at room temperature for 30 min. The reaction was stopped by 

adding 100 μl/well of citric acid. The absorbance was read using a PowerWave XS microplate 

reader (Bio-Tek Instruments, Inc. Winooski, VT) at 410 nm. 

 

3.2.8 Indirect competitive ELISA 

 

Presence of fish proteins in samples was determined by testing fish protein-spiked 

samples with an indirect competitive ELISA (icELISA) (Figure 3). The effect of cooking 

methods and cooking times on the detectability of a representative surimi product was also 

examined with an icELISA which examines the heat processing effect quantitatively. 

Optimization of the assay was performed step by step using two-dimensional titration to select 

the concentrations of the immobilized antigen reagent (heat processed surimi extract), the 

dilution of MAb 8F5 supernatant and the color development time. Based on these results, the 

following procedure was followed. Heat processed surimi #4 extract properly diluted in 50 mM 

carbonate-bicarbonate buffer (pH 9.6) (0.5 µg/100µl) was coated onto a 96-well flat bottom 

polystyrene high bind microplate (Costar 9018) (Fisher Scientific, Fair Lawn, NJ) and incubated 

at 37C for 2 h. After three washes, the microplate was blocked by adding 200 µl per well of 

blocking buffer, and incubated at 37C for 2 h. After two washes, 50 µl of undiluted sample 

extract (heat processed surimi extract, fish extract, crab meat extract and spiked sample extract) 



27 
 

was added to the coated wells along with 50 µl of MAb 8F5 supernatant diluted 1:4 in antibody 

buffer, followed by incubation at 37C for 2 h. After another three washing steps, 100 µl anti-

IgG–HRP conjugate (Sigma-Aldrich) diluted 1:3,000 in antibody buffer was added to each well 

and the plate was incubated at 37C for 2 h. Following five washing steps, 100 µl per well of 0.4 

mM ABTS substrate solution was added. The color was developed at room temperature for 30 

min and the reaction was stopped by adding 100 µl per well of citric acid. The absorbance was 

read using a PowerWave XS microplate reader (Bio-Tek Instruments, Inc. Winooski, VT) at 410 

nm. 

 

3.2.9 Assay validation 

 

The optimized icELISA was validated in several aspects. Firstly, the assay specificity was 

studied. the immunoreactivity of protein extracts from 8 surimi and 3 fish samples (whiting, 

pollock, cod), along with non-fish samples including shellfish (crab, clams, scallop, Shrimp), 

poultry (chicken breast, chicken thigh, turkey breast, turkey thigh), meat (pork, beef, lamb, deer, 

rabbit, horse), and food protein additives (egg albumin, soy protein concentrate, non fat dry milk, 

bovine serum albumin, gelatin, whey), was examined. Secondly, the assay precision was studied 

according to the FDA guidance for industry bioanalytical method validation (FDA 2001). The 

intra-assay and inter-assay reproducibility were examined, which offer a statistical measure of 

the variation between replicate determinations in the same assay (intra-assay variability) and in 

different assays (inter-assay variability) and are generally represented by the coefficient of 

variation (CV%) (Crowther 2000). It is acceptable if the CV% is lower than 15% (FDA 2001). 

Intra-assay and inter-assay CVs of the assay were computed from 11 sets of different spiked 

heated samples. The intra-assay variability was calculated by analysis of three replicates of each 

sample within a plate. The inter-assay variability was determined to show the closeness of 

individual measurement for the same sample conducted on different days to test the 

reproducibility of the assay, which was calculated by analysis of three replicates of each sample 

carried out on three consecutive days (FDA 2001). Thirdly, the assay sensitivity (50% inhibitory 

concentration value [IC50]) and the limit of detection (LOD) were determined. The LOD of the 

assay is the lowest adulteration level that produces a significant difference between the reading 

of the baseline (no fish protein) and the reading of the selected adulteration level (P < 0.05). 
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3.2.10 Statistical analysis  

 

Each sample was tested in triplicate, and each experiment was repeated three times from 

the same batch of samples. Results were analyzed using Microsoft Excel 2007, Origin Pro 8 and 

SPSS software (11.0 for Windows). One-way analysis of variance (ANOVA) was used to 

compare the means for the differences among the treatment groups. Post hoc analyses were 

performed using Tukey HSD; P < 0.05 was considered statistically significant. 
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RESULTS AND DISCUSSION 

 

 

The products information of seafood used in this study was shown in Table 1. This table 

clearly showed that the price of crab meat is almost twice of the surimi and fish samples. 

Because of the high cost of crab, it has the potential risk of being partially substituted with 

cheaper surimi products derived from pollock, whiting or cod. So this study is important in 

preventing the intentional or unintentional adulteration in the marketplace. Also, only 2% or less 

shellfish such as crab or lobster were found in the ingredients of surimi products (surimi 

#1~surimi #6), surimi #7 and surimi #8 even doesn‘t contain any shellfish at all. This 

information confirmed that surimi products are basically made of fish paste. Additionally, as a 

result of the various food additives in surimi products such as wheat starch, egg whites and 

soybean oil, the surimi products contain up to 6 kinds of allergens: fish, shellfish, wheat, egg, 

milk and soy. 

 

4.1 Characterization of MAb 8F5 

 

As mentioned before, the MAb 8F5 supernatant was previously developed in our 

laboratory against crude soluble protein extract from cooked fish. In order to study the specificity 

and cross reactivity of MAb 8F5, indirect noncompetitive ELISA was performed, where antigens 

are presented in immobilized form. Surimi is typically made from white-fleshed fish such as 

whiting, pollock and cod (Tan and others 1994). Therefore, the immunoreactivity of MAb 8F5 

against protein extracts from 8 surimi and 3 fish samples (whiting, pollock, cod), along with non-

fish samples including shellfish (crab, clams, scallop, Shrimp), poultry (chicken breast, chicken 

thigh, turkey breast, turkey thigh), meat (pork, beef, lamb, deer, rabbit, horse), and food protein 

additives (egg albumin, soy protein concentrate, non fat dry milk, bovine serum albumin, gelatin, 

whey), was examined. 

The results of indirect noncompetitive ELISA (Table 2) showed that this MAb strongly 

reacted with cooked surimi and fish samples but did not react with any shellfish samples, poultry 

samples, meat samples or nonmeat food protein additive samples. However, protein extracts 
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from cooked chicken breast exhibited some degree of weak cross-reaction with MAb 8F5 and 

this can be easily eliminated by optimizing the assay conditions such as coat relatively low 

quantity of antigen, dilute MAb 8F5 supernatant properly, or shorten the color development time. 

In order to examine the thermal-stable protein banding pattern of cooked (100C, 10 min) 

seafood extracts, SDS-PAGE was performed and the representative SDS-PAGE protein profiles 

of twelve seafood samples are shown in Figure 4. One major group of proteins (appearing as 36 

kDa band on the gel) remained soluble after heat-treatment of the seafood samples. Either one or 

two distinct bands of this 36 kDa protein were observed which suggested the existence of 

different isoforms of this protein. We speculated that this 36 KDa protein to be tropomyosin. 

Because its molecular weight corresponds to that of tropomyosin and tropomyosin has also been 

reported as a thermal-stable protein (Naqpal and others 1989). Furthermore, the existence of 

multiple isoforms of tropomyosin was also observed by Heeley and Hong (1994). 

Following the SDS-PAGE analysis, protein bands were further characterized by Western 

blot using MAb 8F5 supernatant. As mentioned before, the MAb 8F5 was previously developed 

in our laboratory against crude soluble protein extract from cooked fish. The immunoblotting 

results (Figure 5) showed that MAb 8F5 recognized this 36-kDa antigenic protein in all cooked 

surimi and fish protein extracts tested, but did not have cross reactivity with any cooked shellfish 

protein extracts, which showed that MAb 8F5 is specific to 36-kDa antigenic fish protein and 

this specificity is determined by the epitopes, not the whole protein. The Western blot results 

indicated that MAb 8F5 is suitable for the detection of undeclared fish proteins in crab meat. 

 

4.2 Optimization of the Indirect Competitive ELISA 

 

Two dimensional checker board was performed step by step to select the optimal 

concentrations of the antigen (0.5 µg/well surimi #4 extract) and the dilution of MAb 8F5 

supernatant (1:4) for the icELISA. Surimi #2 (S2), Surimi #4 (S4) and Surimi #6 (S6) were 

chosen as the tested samples because previous data showed that, with same coating amount, 

these three surimi products had higher indirect noncompetitive ELISA reading than others, 

which probably due to higher target antigenic protein concentration in these product extracts. Six 

different antigen coating amounts were used (0.1 µg/100 µl, 0.2 µg/100 µl, 0.5 µg/100 µl, 1.0 

µg/100 µl, 2.0 µg/100 µl and 3.0 µg/100 µl) and MAb 8F5 supernatant was diluted 1:2, 1:3, 1:5, 
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1:10 in antibody buffer. The results showed that S4 produced the best saturation curve (Figure 6). 

The optimal antigen concentration was identified as 0.5 µg/100 µl, because for all different 

antibody dilutions, the ELISA reading reached plateau when the coating amount was increased to 

0.5 µg/100 µl. The MAb 8F5 supernatant dilution 1:4 was selected as the optimal dilution to 

avoid wastage of the antibody and to allow the maximal absorbance reading falls between 1.0 

and 1.5 in which range the icELISA shows more clear differences between samples. The 

optimized color development time was 30 min to get best sensitivity (reliable discrimination 

from the blank) and avoid excessively high background. 

In order to study the specificity of above optimized icELISA, the immunoreactivity of 

protein extracts from 8 surimi and 3 fish samples (whiting, pollock, cod), along with non-fish 

samples including shellfish (crab, clams, scallop, Shrimp), poultry (chicken breast, chicken thigh, 

turkey breast, turkey thigh), meat (pork, beef, lamb, deer, rabbit, horse), and food protein 

additives (egg albumin, soy protein concentrate, non fat dry milk, bovine serum albumin, gelatin, 

whey), was examined. 

As shown by the results of icELISA (Table 3), this MAb strongly reacted with cooked 

surimi and fish samples but did not react with any shellfish samples. However, protein extracts 

from meat samples and nonmeat food protein additive samples, especially from raw samples, 

exhibited some degree of inhibition of the coated antigen. This probably because in the 

competitive assay, undiluted sample extracts were used. Therefore, proper dilution of the samples 

would easily eliminate the matrix effect and the results were shown in Table 4. When dilute all 

the samples using saline with the ratio of 1:4, the weak inhibition of those non-fish samples 

could be eliminated (Table 4). It may be concluded that this optimized icELISA was highly 

specific to surimi and fish samples when diluted all the samples 1:4 with saline. 

 

4.3 Detection of Fish Protein using Optimized Indirect Competitive ELISA 

 

The presence of fish proteins in crab meat samples was determined by testing fish 

protein-spiked crab samples with the optimized icELISA. The icELISA measures the inhibition 

of the immobilized (coated) antigen in an optimized system, where the degree of inhibition 

reflects the quantity of the antigen in an unknown sample added to the system (Rao and Hsieh 

2008). It was chosen as the assay format due to its several advantages. First, only one anti-fish 
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protein antibody is needed in competitive ELISA. Second, it can quantitatively analyze the target 

antigen in an unknown sample with the aid of a properly selected standard curve generated from 

a set of matched standards containing known amounts of the target antigen (Crowther 2000). 

This assay used a fixed amount (0.5 µg/well) of immobilized antigenic protein (soluble fish 

protein in surimi #4), and its binding to the MAb 8F5 is competed by the antigenic protein 

present in an unknown sample. If the unknown sample contains the target antigenic protein, the 

binding between MAb 8F5 and the immobilized antigenic protein (soluble fish protein in surimi 

#4) will then be prevented. Therefore, the expected optical density for the assay is reduced in the 

presence of a competitor in the unknown sample and the degree of the inhibition effect is 

proportional to the amount of the competitor present (Crowther 2000). 

The extractable protein concentration of cooked surimi and fish samples were presented 

in Table 5. Fish samples have much higher soluble protein concentration than surimi samples, 

because during surimi processing, most water-soluble proteins and undesirable materials have 

been washed out with chilled water. As mentioned previously, the spiked samples at lower levels 

(below 1%) were prepared by diluting the 5% (g/g) spiked sample extracts with pure (100%) 

crab meat extract. Due to the adulteration level is extremely low, the weight to weight fashion 

will hard to assure the homogeneity of sample extract. The volume to volume fashion will be 

more accurate and able to save sample preparation time. 

In this study, eleven sets of cooked laboratory-spiked (0.01% to 5%) samples, namely S1 

in C, S2 in C, S3 in C, S4 in C, S5 in C, S6 in C, S7 in C, S8 in C, W in C, P in C and Cod in C, 

after 1:4 dilution with saline, were used to produce eleven sets of standard inhibition curves for 

quantitative determination of fish protein and to determine the detection limit of the competitive 

assay in various samples. Maximal binding sample (no sample added), pure crab meat sample (0% 

inhibition) and pure surimi and fish samples (100% inhibition) were included as controls. Each 

standard point used to plot the inhibition curves was calculated according to equation 1 

(Crowther 2000) and were presented in Figure 7. 

 

                             Sample A410 - 100% inhibition A410 

% inhibition = 100 - ——————————————————— × 100                (1) 

                   0% inhibition A410 - 100% inhibition A410 
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Furthermore, the 50% inhibitory concentration value, which is the competitor concentration at 

which the absorbance value is decreased by half compared with the absorbance value with no 

competitor present (Rao and Hsieh 2008), was determined from the inhibition curves to be 8.0% 

(g/g) for S1 in C, 10.0% (g/g) for S2 in C, 4.0% (g/g) for S3 in C, 10.0% (g/g) for S4 in C, 7.5% 

(g/g) for S5 in C, 6.1% (g/g) for S6 in C, 9.0% (g/g) for S7 in C, 4.8% (g/g) for S8 in C, 3.9% 

(g/g) for W in C, 3.9% (g/g) for P in C, 3.9% (g/g) for Cod in C. (Figure 7). The difference in the 

50% inhibitory concentration values for these samples indicates that the sensitivity of the assay 

slightly varies with different sample matrices. Fish samples have smaller IC50 value than surimi 

samples, which means that fish samples contain a larger amount of antigenic fish proteins than 

surimi samples with the same total protein concentration. On the other hand, it indicated that this 

assay was more sensitive to fish samples than surimi samples. According to these results, we 

concluded that a set of matrix-matched sample standards must be analyzed at the same time with 

the unknown samples when accurate quantitative detection is required. The IC50 and indirect 

noncompetitive ELISA reactivity of each sample was compared in Table 6. This table indicated 

that there is no close relationship between indirect noncompetitive ELISA results and icELISA 

results (represent by IC50). This probably because in the indirect noncompetitive ELISA, targeted 

antigen in the samples were immobilized on the plate and with a fixed amount (0.2 µg/well); 

whereas in the icELISA, free form targeted antigen in the samples reacted with the detecting 

antibody without 1:4 dilution. 

In order to more accurately and conveniently quantify the target antigenic fish protein in 

each sample, the inhibition curves can be transformed to linear curves (Figure 8) according to 

following logit-log transformation equation (Christopoulos and Diamandis 1996): 

 

logit r = ln[r/(1-r)]                                     (2) 

 

wherein r = (sample A410 - background A410)/(0% inhibition A410 - background A410). The assay 

exhibited a good linear response within a wide concentration range (0.01% to 100%) of all 11 

sets of laboratory-spiked samples. The linear relationship show a high correlation (r2 = 0.8902 to 

0.9989) between target fish protein concentration (expressed as ln [% adulteration level]) and 

ELISA response (expressed as logit r) and can thus serve as a standard curve for quantification of 

target antigenic fish protein in different samples over a wide range. 
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4.4 Effects of Heat Treatment on the Immunoreactivity of Surimi Samples 

 

 The determination of protein concentration results showed that extensive heating caused 

the decrease of extractable protein concentration (Figure 9), and the immunoreactivity of surimi 

samples using indirect noncompetitive ELISA (Figure 10). Microwaving method has the 

strongest effect on the immunoreactivity of surimi samples. The absorbance at 410nm of 

microwaved surimi sample under the most severe treatment (high power level, 1.5 min) is 0.231; 

the absorbance decreased 72% compared with non treatment sample (0.813). However, the 

absorbance of boiled surimi sample under the most severe treatment (100°C, 20 min) remained 

as high as 0.7, indicating that boiling is the mildest cooking method within these six processing 

treatments. The sequence of Microwaving > Deep frying > Steaming > Baking > Boiling was 

obtained according to the severity of processing effect. The four different soup samples were 

obtained from the liquid part of those four boiled surimi samples, respectively. Although boiling 

was the mildest processing method in this study, the absorbance of heat processed soup samples 

increased significantly compare to 0 min soup sample (control) which indicated higher 

concentration of target antigen in heat processed soup samples (P < 0.05). 

In conclusion, severe heat treatment such as high temperature and long processing time 

could cause the degradation of target antigenic protein, which might destroy the epitope and 

affect its ability to interact with an antibody, and lead to reduced immunoreactivity of the target 

antigen. 

The indirect noncompetitive ELISA results also demonstrated that the previously 

developed MAb 8F5 which was raised again crude heat-treated protein extract from fish, is able 

to recognize heat-resistant epitopes appearing in heat-treated antigen molecules. As a result, 

MAb 8F5 can be further used to develop an icELISA to examine the heat processing effect on 

immunoreactivity of our target antigenic protein quantitatively. To assess the effectiveness of the 

newly developed icELISA in analyzing surimi products treated with different cooking methods 

and cooking time, Surimi #4 (Jaiba Supremo – Flake Style) was used to prepare surimi protein 

extracts. Six kinds of cooking methods were used in this experiment with three different cooking 

times and one non-processed control, respectively. This assay used an optimized quantity of 

immobilized antigenic protein (0.5 µg/well soluble fish protein in surimi #4), and its binding to 
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the MAb 8F5 is competed by the antigenic protein present in surimi samples treated with 

different cooking methods and cooking time. The expected ELISA reading is reduced in the 

presence of a competitor and the inhibition degree is proportional to the amount of the 

competitor. 

As showed in Table 7 and Figure 11, in accordance with the data from indirect 

noncompetitive ELISA, microwaving method has the strongest effect on the immunoreactivity of 

surimi samples using icELISA. The absorbance at 410nm of microwaved surimi sample under 

the most severe treatment (high power level, 1.5 min), the 0% inhibition sample (pure crab meat) 

and the 100% inhibition sample (Non Specific Binding, sample: BO/0 min) is 0.568, 1.364 and 

0.084, respectively. According to equation 1, this microwaved surimi sample has the lowest 

degree of inhibition effect (62.2% inhibition) which means severest effect on the 

immunoreactivity of surimi samples. However, the inhibition degree of surimi samples treated 

with other methods didn‘t change much (81.2%-97.6% inhibition). Especially for the soup 

samples, all the inhibition degrees are higher than 94% and the inhibition degree of heat 

processed soup samples increased compare to 0 min soup sample control which indicated higher 

immunoreactivity of heat processed soup samples.  

The absorbance value of each sample from indirect noncompetitive ELISA showed in 

Figure 10 and the inhibition percentage of each sample from icELSIA showed in Table 7 were 

well correlated (r = 0.876). Comparing with the indirect noncompetitive ELISA, icELISA could 

quantitatively examine the different effects of cooking on the immunoreactivity of surimi 

samples. But due to the different effects, accurate quantification of fish ingredients in crab meat 

requires a standard curve obtained from matched sample matrix with matched cooking methods 

and time. In conclusion, this new developed icELISA was adequate to analyze samples subject to 

different heat treatments in this study. Results of this experiment also confirmed that our target 

antigenic protein is a heat-resistant biomarker and suitable for the detection of fish proteins in 

heat-processed crab meat. 

 

4.5 Validation of the Indirect Competitive ELISA 

 

The optimized icELISA was validated according to the FDA guidance for industry 

bioanalytical method validation (FDA 2001). Several parameters were validated. Firstly, the limit 
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of detection [LOD] of this assay was determined. In this study, the limit of detection (LOD) was 

defined as the smallest quantity of the analyte that could be significantly differentiated from the 

background (0% adulteration level) in the assay using one way ANOVA (P < 0.05). The LODs of 

these spiked samples, which were determined from the absorbance readings of the competitive 

assay, were 1.0% (g/g) for S1 in C, 5.0% (g/g) for S2 in C, 1.0% (g/g) for S3 in C, 5.0% (g/g) for 

S4 in C, 1.0% (g/g) for S5 in C, 1.0% (g/g) for S6 in C, 1.0% (g/g) for S7 in C, 1.0% (g/g) for S8 

in C, 0.5% (g/g) for W in C, 0.5% (g/g) for P in C, 0.5% (g/g) for Cod in C (P < 0.05) (Table 6). 

This result indicated that the icELISA can reliably distinguish surimi products from crab meat 

samples and the detection limit for each set of spiked samples was less than 5.0% (g/g). The 

observed difference in detection limit for surimi samples (1.0%-5.0%) compared to fish samples 

(0.5%) may be as a result of the additional manufacturing steps in surimi production procedures. 

Because the manufacturing of surimi involves a washing step which washed out most of the 

water-soluble proteins with chilled water, thus for a given amount of both surimi sample and fish 

sample, the concentration of the target soluble molecule (bio-marker) is lower in the former 

compared to the latter. The lower concentration of the target protein in surimi sample may lead to 

the decrease in antibody binding and ultimately a higher detection limit. The IC50 and LOD of 8 

surimi products and 3 fish products were also compared in Table 6. The overall correlation 

coefficient of IC50 and LODs of the 11 sets of samples was 0.75. Results indicated that fish 

samples have lowest IC50 and surimi #2 and surimi#4 have highest IC50, correspondingly, fish 

samples have lowest LOD and surimi #2 and surimi #4 have highest LOD. However, although 

surimi #1, 3, 5, 6, 7 and 8 had same LOD level, the IC50 of these surimi products were different 

with each other. This may due to the different food matrix effect of different samples. 

Secondly, the assay precision was studied. The intra-assay and inter-assay reproducibility 

were examined, which offer a statistical measure of the variation between replicate 

determinations in the same assay (intra-assay variability) and in different assays (inter-assay 

variability) and is generally represented by the coefficient of variation (CV%) (Crowther 2000). 

Intra-assay and interassay CVs of the assay were computed from 11 sets of spiked, cooked 

samples at 1.0% (g/g), 5.0% (g/g), 1.0% (g/g), 5.0% (g/g), 1.0% (g/g), 1.0% (g/g), 1.0% (g/g), 

1.0% (g/g), 0.5% (g/g), 0.5% (g/g), 0.5% (g/g) adulteration level, respectively. The results 

showed that the assay exhibited very low intra-assay variability (< 6.3%) and interassay 

variability (< 4.1%) within a wide concentration range (0.01% to 100%) of all 11 sets of spiked 
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samples (Table 8). 

The increased regulation of food products in modern society requires analytical methods 

are easy to perform, sensitive, specific and relatively inexpensive. This newly developed MAb-

based icELISA meets all these requirements according to the validation of its effectiveness in 

detecting fish proteins in cooked crab meat. 
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CONCLUSIONS 

 

 

In conclusion, a sensitive MAb 8F5-based immunoassay for the quantitative 

determination of fish protein in heat-processed crab meat was successfully developed and 

validated. The assay is based on the detection of a 36-kDa, thermal-stable protein that can be 

recognized in surimi and fish products. The MAb 8F5 used in this study is fish-specific, has no 

or little cross reactivity with poultry and meat species such as chicken, turkey, pork, beef, deer 

and horse. In addition, there was no apparent cross-reaction with non-meat proteins such as egg 

albumin, gelatin, soy protein and bovine serum albumin, which might be either used as food 

additives or present in contaminated food products. 

The assay has good performance characteristics, including low intra-assay CVs (< 6.3%), 

low interassay CVs (< 4.1%) and low detection limits (< 5.0% [g/g]) for surimi and fish products 

adulterated in crab meat. The different effects of heat treatments on the detectability of a 

representative surimi product indicated that accurate quantification of fish proteins in crab meat 

requires a standard curve obtained from matched sample matrix with matched cooking methods 

and time. This MAb 8F5–based competitive ELISA is therefore suitable for the quantitative 

detection of low levels of undeclared fish proteins in heat-processed crab meat. It has the 

potential to be developed into a commercial field-test ELISA kits for large-scale screening of 

crab meat products to detect and prevent adulteration. This efficient tool is not only able to 

protect those individuals who suffer from fish allergy, but also to enforce the food labeling laws. 
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Table 1. Seafood sample information 

 

Products Price/100g 
Purchase 

Date 
Manufacturer Ingredients 

Allergen 

Information 

S1: 

Surimi 

(Icicle 

Supreme 

– 
Lobster 

Style) 

$1.32 2/9/2011 

Trident 
Seafoods, 

Seattle,WA 
98107 

 

Fish Protein 
(contains one or 

more of the 
following: Pollock, 
Cod and/or Pacific 
Whiting), Water, 

Wheat Starch, 
Potato Starch, 

Contains 2% or 
less of: Maine 

Lobster, Natural 
and Artificial 

Flavor (Lobster 
Extract), and other 

additives. 

Contains Fish, 
Wheat, 

Shellfish, Egg 
and Soy.  

S2: 

Surimi 

(Icicle 

Supreme 

– Leg 

Style) 

$1.32 2/9/2011 

Trident 
Seafoods, 

Seattle,WA 
98107 

 

Fish Protein 
(contains one or 

more of the 
following: Pollock, 
Cod and/or Pacific 
Whiting), Water, 

Wheat Starch, 
Sugar, Potato 

Starch, Tapioca 
Starch, Contains 

2% or less of: 
King Crab Meat, 

Natural and 
Artificial Flavor, 

and other 
additives. 

Contains Fish, 
Wheat, 

Shellfish, Egg, 
Milk and Soy.  

S3: 

Surimi 

(Crab 

Smart 

Natural) 

$1.63 2/9/2011 

Shining Ocean, 
Sumner, WA 

98390 
 

Pollock, Water, 
Potato Starch, 
Sugar, Snow 
Crabmeat, 

Contains 2% or 
less of: Natural 

Flavors, Fish Oil 
(Sourse of Omega-

3), and other 
additives. 

Contains Fish, 
Shellfish, Egg, 
Wheat and Soy.  
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Table 1 – continued 
 

Products Price/100g 
Purchase 

Date 
Company Ingredients 

Allergen 

Information 

S4: 

Surimi 

(Jaiba 

Supremo 

– Flake 

Style ) 

$0.62 2/9/2011 

Trans-Ocean 
Products, Inc. 
Bellingham, 
WA 98225 

 

Fish protein (contains 
one or more of the 
following: Alaska 

Pollock and/or 
Pacific Whiting), 

Water, Egg Whites, 
Wheat Starch, Sugar, 

Modified Tapioca 
Starch, Contains 2% 

or less of the 
following: Snow 

Crab Meat, Natural 
and Artificial Flavor, 

Extracts of Crab, 
Oyster, Scallop, 
Lobster and Fish 

(Salmon, Anchovy, 
Bonito, Cutlassfish), 
and other additives. 

Contains Fish, 
Egg, Wheat, 
Shellfish and 

Soy.  

S5: 

Surimi 

(Crab 

Delights 

– Flake 

Style) 

$1.54 2/10/2011 

Trident 
Seafoods, 

Seattle, WA 
98107 

 

Alaska Pollock, 
Water, Wheat Starch, 
Egg Whites, Sorbitol, 
Sugar, Potato Starch, 
Contains 2% or less 
of: Snow Crabmeat, 

Modified Corn 
Starch, Mirin (Sake, 
Sugar, Salt, Water, 
Yeast Extract), Salt, 

Artificial Crab 
Flavor, and other 

additives. 

Contains Fish, 
Wheat, Egg, 
Shellfish and 

Soy. 

S6: 

Surimi 

(Snow 

Legs) 

$1.54 2/9/2011 

Sugiyo 
U.S.A., INC., 

Anacortes, 
WA 98221 

Fish Protein (contains 
one or more of the 
following: Pollock 

and/or Pacific 
Whiting), Water, 

Wheat Starch, Sugar, 
Egg Whites, Sorbitol, 

Snow Crabmeat, 
Contains 2% or less 
of other additives. 

Contains Fish, 
Wheat, Egg, 
Shellfish and 

Soy.  
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       Table 1 – continued 
 

Products Price/100g 
Purchase 

Date 
Company Ingredients 

Allergen 

Information 

S7: 

Surimi 

(Fish 

Balls) 

$1.32 2/10/2011 

Wei-Quan 
U.S.A. INC. 

Bell Gardens, 
CA 90201 

Fish Meat 
(Threadfin), Water, 
Potato Starch, Egg 

White, Soybean Oil, 
Salt, Dextrose, 

Nonfat Dry Milk, and 
other additives.  

Contains Fish, 
Egg, Soy and 

Milk. 

S8: 

Surimi 

(Fish 

Cake) 

$1.99 2/10/2011 

Yamasa 
Enterprises, 

Los Angeles, 
CA 90013 

Alaska Pollock 
(Fish), Water, 
Modified Food 

Starch, Potato Starch, 
and other additives. 

Contains Fish. 
May contain 

Wheat. 

Whiting $0.88 2/10/2011 

Publix Super 
Markets, Inc. 
Lakeland, FL 

33802 

Whiting Contains Fish. 

Pollock $0.55 2/10/2011 

Wal-Mart 
Stores, Inc. 
Bentonville, 
AR 72716 

Pollock, Sodium 
Tripolyphosphate. 

Contains Fish. 

Cod $2.82 2/10/2011 

Publix Super 
Markets, Inc. 
Lakeland, FL 

33802 

Cod Contains Fish. 

Crab 

Meat 

(Lump) 

$3.30 2/11/2011 

Island Crab 
Co, St. James 

City, FL 
33956 

Crabmeat 
Contains 
Shellfish. 
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Table 2. Immunoreactivity of MAb 8F5, using the MAb 8F5 based indirect noncompetitive 
ELISA. The dilution of primary antibody MAb 8F5 was 1:4 and the coating amount of samples 
was 2.0 µg/100 µl. 
 

Seafood 
protein 

Reaction(a) Meat protein Reaction Nonmeat protein Reaction 

Surimi #1 (C) +++ Pork (R) - egg albumin (R) - 

Surimi #2 (C) ++ Pork (C) - egg albumin (C) - 

Surimi #3 (C) +++ Beef (R) - soy protein (R) - 

Surimi #4 (C) ++ Beef (C) - soy protein (C) - 

Surimi #5 (C) ++ Chicken thigh (R) - NFDM (R) - 

Surimi #6 (C) ++ Chicken thigh (C) - NFDM (C) - 

Surimi #7 (C) ++ 
Chicken breast 

(R) 
- BSA (R) - 

Surimi #8 (C) +++ 
Chicken breast 

(C) 
+ BSA (C) - 

Whiting (C) ++ Turkey thigh (R) - Gelatin (R) - 

Pollock (C) ++ Turkey thigh (C) - Gelatin (C) - 

Cod (C) ++ Turkey breast (R) - Whey (R) - 

Crab meat 
(C) 

- Turkey breast (C) - Whey (C) - 

Clams (R) - Lamp (R) -   

Clams (C) - Lamp (C) -   

Scallop (C) - Deer (R) -   

Shrimp (C) - Deer (C) -   

  Rabbit (R) -   

  Rabbit (C) -   

  Horse (R) -   

  Horse (C) -   

 
(a), +++, very strong reaction (A410 ≥ 1.2); ++, strong reaction (1.2 > A410 ≥ 0.6); +, weak 
reaction (0.6 > A410 ≥ 0.2); -, no reaction (A410 < 0.2). 
R: Raw  
C: Cook 100°C for 10 min 
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Table 3. Immunoreactivity of MAb 8F5, using the MAb 8F5 based indirect competitive ELISA. 
The dilution of primary antibody MAb 8F5 was 1:4, the coating amount of antigens was 0.5 
µg/100 µl and the samples were undiluted. 

Seafood 
protein 

Reaction(a) Meat protein Reaction Nonmeat protein Reaction 

Surimi #1 (C) +++ Pork (R) ++ egg albumin (R) + 

Surimi #2 (C) +++ Pork (C) - egg albumin (C) - 

Surimi #3 (C) +++ Beef (R) ++ soy protein (R) - 

Surimi #4 (C) +++ Beef (C) + soy protein (C) - 

Surimi #5 (C) +++ Chicken thigh (R) - NFDM (R) + 

Surimi #6 (C) +++ Chicken thigh (C) + NFDM (C) + 

Surimi #7 (C) +++ 
Chicken breast 

(R) 
++ BSA (R) - 

Surimi #8 (C) +++ 
Chicken breast 

(C) 
- BSA (C) - 

Whiting (C) +++ Turkey thigh (R) + Gelatin (R) - 

Pollock (C) +++ Turkey thigh (C) + Gelatin (C) - 

Cod (C) +++ Turkey breast (R) + Whey (R) ++ 

Crab (R) - Turkey breast (C) - Whey (C) - 

Crab (C) - Lamp (R) ++   

Clams (R) - Lamp (C) -   

Clams (C) - Deer (R) ++   

Scallop (R) - Deer (C) +   

Scallop (C) - Rabbit (R) ++   

Shrimp (R) - Rabbit (C) -   

Shrimp (C) - Horse (R) ++   

  Horse (C) -   

(a), +++, very strong inhibition (100% > inhibition% ≥ 90%); ++, strong inhibition (60% > 
inhibition% ≥ 40%); +, weak inhibition (40% > inhibition% ≥ 20%); -, no inhibition (20% > 
inhibition% ≥ 0%). 
R: Raw 
C: Cook 100°C for 10 min 
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Table 4. Immunoreactivity of MAb 8F5, using the MAb 8F5 based indirect competitive ELISA. 
The dilution of primary antibody MAb 8F5 was 1:4, the coating amount of antigens was 0.5 
µg/100 µl and the samples were diluted 1:4. 

Seafood 
protein 

Reaction(a) Meat protein Reaction Nonmeat protein Reaction 

Surimi #1 (C) +++ Pork (R) - egg albumin (R) - 

Surimi #2 (C) +++ Pork (C) - egg albumin (C) - 

Surimi #3 (C) +++ Beef (R) - soy protein (R) - 

Surimi #4 (C) +++ Beef (C) - soy protein (C) - 

Surimi #5 (C) +++ Chicken thigh (R) - NFDM (R) - 

Surimi #6 (C) +++ Chicken thigh (C) - NFDM (C) - 

Surimi #7 (C) +++ 
Chicken breast 

(R) 
- BSA (R) - 

Surimi #8 (C) +++ 
Chicken breast 

(C) 
- BSA (C) - 

Whiting (C) +++ Turkey thigh (R) - Gelatin (R) - 

Pollock (C) +++ Turkey thigh (C) - Gelatin (C) - 

Cod (C) +++ Turkey breast (R) - Whey (R) - 

Crab (R) - Turkey breast (C) - Whey (C) - 

Crab (C) - Lamp (R) -   

Clams (R) - Lamp (C) -   

Clams (C) - Deer (R) -   

Scallop (R) - Deer (C) -   

Scallop (C) - Rabbit (R) -   

Shrimp (R) - Rabbit (C) -   

Shrimp (C) - Horse (R) -   

  Horse (C) -   

(a), +++, very strong inhibition (100% > inhibition% ≥ 90%); ++, strong inhibition (60% > 
inhibition% ≥ 40%); +, weak inhibition (40% > inhibition% ≥ 20%); -, no inhibition (20% > 
inhibition% ≥ 0%). 
R: Raw 
C: Cook 100°C for 10 min 
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Table 5. Protein concentration of cooked surimi products and fish samples. n=3. Results are 
expressed as the mean of A595 ± SEM. 

 

Rank Seafood protein Soluble protein concentration (mg/ml) 

1 Pollock 1.52 ± 0.03 

2 Whiting 1.14 ± 0.03 

3 Cod 0.69 ± 0.03 

4 Surimi #7 0.48 ± 0.01 

5 Surimi #6 0.42 ± 0.02 

6 Surimi #4 0.38 ± 0.00 

7 Surimi #3 0.30 ± 0.01 

8 Surimi #5 0.27 ± 0.01 

9 Surimi #1 0.23 ± 0.01 

10 Surimi #2 0.16 ± 0.00 

11 Surimi #8 0.09 ± 0.00 
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Table 6. Comparison of the IC50, LOD and indirect noncompetitive ELISA Reactivity of 8 surimi 
products and 3 fish samples. n=3. Absorbances are expressed as the mean of A410 ± SEM. 

 

Rank Seafood protein IC50 
Detection Limit 

(P < 0.05) 

Absorbance 

(410 nm) 

1 Whiting 3.9% (g/g) 0.5% (g/g) 1.97 ± 0.03 

2 Cod 3.9% (g/g) 0.5% (g/g) 1.55 ± 0.13 

3 Pollock 3.9% (g/g) 0.5% (g/g) 1.49 ± 0.10 

4 Surimi #3 4.0% (g/g) 1.0% (g/g) 1.93 ± 0.03 

5 Surimi #8 4.8% (g/g) 1.0% (g/g) 1.68 ± 0.09 

6 Surimi #6 6.1% (g/g) 1.0% (g/g) 1.93 ± 0.04 

7 Surimi #5 7.5% (g/g) 1.0% (g/g) 1.90 ± 0.04 

8 Surimi #1 8.0% (g/g) 1.0% (g/g) 1.95 ± 0.05 

9 Surimi #7 9.0% (g/g) 1.0% (g/g) 1.69 ± 0.04 

10 Surimi #4 10.0% (g/g) 5.0% (g/g) 1.85 ± 0.05 

11 Surimi #2 10.0% (g/g) 5.0% (g/g) 1.94 ± 0.05 
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Table 7. Effect of heat treatment on the degree of inhibition of surimi samples using indirect 
competitive ELISA. n=3. BA, Baking; ST, Steaming; M, Microwaving; DF, Deep Frying; BO, 
Boiling; SO, Soup; Crab (0% inhibition); MB, Maximal Binding (no sample); NSB, Non 
Specific Binding (no coated antigen, sample: BO/0 min). 

The dilution of primary antibody MAb 8F5 was 1:4 and the coating amount of antigens was 0.5 
µg/100 µl. Absorbances are expressed as the mean of A410 ± SEM. 
 
 

Surimi samples treated with 

different methods and time 

Absorbance 

(410 nm) 
Inhibition% 

BA/0 min 0.14 ± 0.01 95.8 
BA/10 min 0.14 ± 0.00 95.6 
BA/20 min 0.21 ± 0.01 89.8 
BA/30 min 0.31 ± 0.02 82.3 

ST/0 min 0.14 ± 0.01 95.3 
ST/10 min 0.28 ± 0.00 84.9 
ST/15 min 0.32 ± 0.03 81.2 
ST/20 min 0.23 ± 0.00 88.6 

M/0 min 0.15 ± 0.00 95.0 
M/0.5 min 0.33 ± 0.00 81.1 
M/1.0 min 0.38 ± 0.00 76.7 
M/1.5 min 0.57 ± 0.02 62.2 

DF/0 min 0.14 ± 0.00 95.4 
DF/0.5 min 0.30 ± 0.01 82.9 
DF/1.0 min 0.25 ± 0.01 86.7 
DF/1.5 min 0.32 ± 0.01 81.4 

BO/0 min 0.15 ± 0.00 94.9 
BO/10 min 0.15 ± 0.00 94.6 
BO/15 min 0.21 ± 0.00 90.1 
BO/20 min 0.24 ± 0.01 88.2 

SO/0 min 0.15 ± 0.00 94.6 
SO/10 min 0.11 ± 0.00 97.6 
SO/15 min 0.12 ± 0.00 96.9 
SO/20 min 0.16 ± 0.00 94.2 

Crab 1.36 ± 0.03  
MB 1.30 ± 0.01  
NSB 0.08 ± 0.00  
Blank 0.08 ± 0.00  
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Table 8. CV of the MAb 8F5 based indirect competitive ELISA was computed by testing 11 

differently spiked and cooked samplesa 

  

 CV (%) 

Sample Interassayb 
Intra-assayb 

Day 1 Day 2 Day 3 

1.0% S1 in C 3.4 5.5 0.8 2.1 

5.0% S2 in C 2.5 4.0 1.8 0.6 

1.0% S3 in C 2.7 2.6 0.4 3.6 

5.0% S4 in C 4.1 6.3 2.7 2.4 

1.0% S5 in C 1.3 2.0 0.4 1.1 

1.0% S6 in C 2.3 3.5 1.7 1.2 

1.0% S7 in C 3.4 1.7 5.5 1.9 

1.0% S8 in C 3.0 4.8 1.6 1.3 

0.5% W in C 1.9 1.9 2.2 1.8 

0.5% P in C 3.1 4.6 2.5 1.4 

0.5% Cod in C 2.4 4.0 0.3 1.0 
 

a Each sample was analyzed three times a day, and the assay was repeated on three different days. 
b The pooled standard deviation (sp) was calculated using equation 3. The pooled mean (Xp) was 
calculated by substituting individual means for variances in equation 3. The intra-assay and 
interassay CVs were calculated using equation 4 (Grotjan and Keel 1996). 

 
where s is the individual standard deviation, and df is the degrees of freedom (n - 1). 

CV (%) = (sp /Xp) × 100                         (4) 
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B: FIGURES 

 

 

 

 

Figure 1. Processing method for surimi products (Park 2000) 
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Figure 2. Schematic representation of indirect non-competitive ELISA  
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Figure 3. Schematic representation of indirect competitive ELISA 
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Figure 4. SDS-PAGE banding profile of thermal-stable protein extracts from twelve seafood 
samples. There are substantial amount of soluble proteins present in the cooked sample extracts 
and one group of major protein bands (36 kDa) shown on the gel. STD, Standard; C1, Crab 
(Lump); C2, Crab (Claw); S1, Surimi (Icicle Supreme – Lobster style); S2, Surimi (Icicle 
Supreme – Leg style); S3, Surimi (Crab Smart Natural); S4, Surimi (Jaiba Supremo – Flake 
style); S5, Surimi (Crab Delights – Flake style); SH, Shrimp; SC, Scallop; PO, Pollock; W, 
Whiting; CO, Cod. 
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Figure 5. Western blot banding patterns of antigenic protein from twelve cooked seafood extracts 
blotted with MAb 8F5. MAb 8F5 reacted with a 36-kDa, thermal-stable antigenic protein in 
surimi and fish samples. The amount of proteins loaded to each lane on the gel was 3µg. The 
Precision Plus Protein Kaleidoscope standards were used to indicate the molecular weights. STD, 
Standard; C1, Crab (Lump); C2, Crab (Claw); S1, Surimi (Icicle Supreme – Lobster style); S2, 
Surimi (Icicle Supreme – Leg style); S3, Surimi (Crab Smart Natural); S4, Surimi (Jaiba 
Supremo – Flake style); S5, Surimi (Crab Delights – Flake style); SH, Shrimp; SC, Scallop; PO, 
Pollock; W, Whiting; CO, Cod. 
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Figure 6. Representative saturation curve produced by surimi #4 using indirect noncompetitive 
ELISA. MAb 8F5 was diluted appropriately (1:2 to 1:10) in antibody buffer (1% BSA-PBST). 
The coating amount of soluble proteins extracted from the surimi #4 samples was varied from 
0.1 µg/100 µl to 3.0 µg/100 µl. 
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Figure 7 (a) 

Figure 7 (b) 
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Figure 7 (c) 

Figure 7 (d) 
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Figure 7. Inhibition curves of 11 sets of laboratory-spiked samples analyzed by the indirect 
competitive ELISA using MAb 8F5. n=3. S1, Surimi (Icicle Supreme – Lobster style); S2, 
Surimi (Icicle Supreme – Leg style); S3, Surimi (Crab Smart Natural); S4, Surimi (Jaiba 
Supremo – Flake style); S5, Surimi (Crab Delights – Flake style); S6, Surimi (Snow Legs); S7, 
Surimi (Fish Balls); S8, Surimi (Fish cake); W, Whiting; P, Pollock; C, Crab. 

The dilution of primary antibody MAb 8F5 was 1:4, the coating amount of antigens was 0.5 
µg/100 µl and the samples were diluted 1:4. 
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Figure 8. Logit-log transformed linear curves of 11 sets of laboratory-spiked samples analyzed 
by the indirect competitive ELISA using MAb 8F5. n=3. S1, Surimi (Icicle Supreme – Lobster 
style); S2, Surimi (Icicle Supreme – Leg style); S3, Surimi (Crab Smart Natural); S4, Surimi 
(Jaiba Supremo – Flake style); S5, Surimi (Crab Delights – Flake style); S6, Surimi (Snow Legs); 
S7, Surimi (Fish Balls); S8, Surimi (Fish cake); W, Whiting; P, Pollock; C, Crab. 

The dilution of primary antibody MAb 8F5 was 1:4, the coating amount of antigens was 0.5 
µg/100 µl and the samples were diluted 1:4. 
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Figure 9. Effect of heat treatment on the extractable protein concentration of surimi samples. n=3. 
Results are expressed as the mean of A595 ± SEM. 
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Figure 10. Effect of heat treatment on the immunoreactivity of surimi samples using indirect 
noncompetitive ELISA. n=3. The dilution of primary antibody MAb 8F5 was 1:4 and the coating 
amount of samples was 1.0 µg/100 µl. Results are expressed as the mean of A410 ± SEM. 

 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 
Baking 

0 min 10 min 20 min 30 min 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 

Steaming 

0 min 10 min 15 min 20 min 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 

Microwaving 

0 min 0.5 min 1 min 1.5 min 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 

Deep Frying 

0 min 0.5 min 1 min 1.5 min 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 

Boiling 

0 min 10 min 15 min 20 min 

0.00 

0.20 

0.40 

0.60 

0.80 

A
b

so
rb

a
n

ce
 a

t 
4

1
0

n
m

 

Soup 

0 min 10 min 15 min 20 min 



64 
 

 

Figure 11. Effect of heat treatment on the immunoreactivity of surimi samples using indirect 
competitive ELISA. n=3. BA, Baking; ST, Steaming; M, Microwaving; DF, Deep Frying; BO, 
Boiling; SO, Soup; C, Crab (0% inhibition); MB, Maximal Binding (no sample); NSB, Non 
Specific Binding (no coated antigen, sample: BO/0 min); Blk, Blank.  

The dilution of primary antibody MAb 8F5 was 1:4 and the coating amount of antigens was 0.5 
µg/100 µl. Absorbances are expressed as the mean of A410 ± SEM. 
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C: ABBREVIATION LIST 
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OD optical density 
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PBS 10 mM phosphate buffered saline (pH 7.2) 
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