
Safety and Quality of Seafood 

Part I - General 
Every food has unique microbiological characteristics. 

Therefore, knowledge of potential microbiological problems 
in one food does not guarantee that another type of food will 
have similar problems. It is important to be aware of the 
microbiological considerations for reasons of safety and food 
quality. 

In general, the flesh of fish is more perishable than the 
meat of terrestrial animals (Bannerjee, 1967; Barr, et al., 
1976; Herbert et al., 1971; ICMSF, 1980). This is due to fish 
having a moist surface, a relatively high pH (6.2) compared to 
red meats and a normal microflora which is often psychro- 
trophic. In addition, fresh fish muscle has high levels of 
nutrients, including nonprotein nitrogen compounds such as 
trimethylamine oxide (TMAO). Microbial spoilage of fish is 
mostly a proteolytic process. 

The flesh of freshly caught fish is normally free of bacte- 
ria. However, bacteria may be found in high numbers on skin 
(log 2 - log 7isq cm), gills (log 3 - log gig) and in the intestines 
(log 3 - log gig) (ICMSF, 1980). The types of bacteria are 
influenced by the harvesting environment. Fish from clean 
cold waters generally have fewer organisms than fish taken 
from polluted or tropical waters. Bacteria on the skin and gills 
are predominantly aerobic, whereas bacteria from the intesti- 
nal tract are principally anaerobic or facultative anaerobic 
(Herbert et al., 1971; ICMSF, 1980; Liston, 1965, 1976; 
Shewan, 1962). 

The organisms which comprise the microbial population 
are determined, to a large extent, by their harvesting location 
(Herbert et al., 1971; ICMSF, 1980; Liston, 1976; Shewan, 
1962, 1977). Bacterial populations of fish from temperate 
waters are mostly psychrotrophic, reflecting the cool tem- 
peratures of the sea bed (<lo" C). Gram-negative, rod- 
shaped bacteria predominate this psychrotrophic population. 
Pseudomonas species, Moraxella - Acinetobacter species, 
Alteromonas, Cytophaga, Flavobacterium species and Vibrio 
species are usually the main organisms isolated. On the 
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other hand, bacteria on fish from tropical areas are mostly 
mesophilic. A large percentage of this population may be 
Gram-positive and many workers have reported that 
Micrococcus, coryneforms and Bacillus species may account 
for a large portion of the population. 

It is often believed that the bacterial population of marine 
fish is halophilic. In actuality, the organisms can usually grow 
over a wide range of salt concentrations from <0.5% to 10%. 
These organisms will often show improved growth when salt 
is added to growth media (APHA, 1975). The practice of icing 
the fish will dilute out many of the obligate halophils. Howev- 
er, many of the spoilage bacteria present in fish can grow at 
higher salt concentrations than those normally encountered 
in red meat products. Of course, cooking will destroy most of 
these spoilage bacteria. 

A variety of bacteria are introduced during harvesting and 
processing (ICMSF, 1980; Shewan, 1971, 1977). Organisms 
such as coliforms, Staphylococci, etc. may be introduced by 
contamination from decks, boxes, human hands and cloth- 
ing. Processing further introduces land bacteria, including 
coliforms and nonhalophilic spoilage organisms. 

In summary, fish tend to spoil more quickly than red meat 
products. The quality of fish is influenced by their environ- 
ment and by handling practices. Spoilage is a proteolytic 
process. Most of the spoilage bacteria are heat-sensitive and 
are killed by cooking. With proper training, processors of red 
meat products should have no problem handling fish 
products. 

Safety 
Agents potentially hazardous to man may be naturally 

associated with seafood or they may be introduced through 
pollution. The dangers from pollution are familiar to most of 
you. Therefore the majority of this text will be devoted to 
naturally-occurring hazards. These include pathogenic ma- 
rine vibrios, Aeromonas hydrophilia, Plesiomonas shigel- 
loides, Clostridium botulinum, ciguatera, scombroid poison- 
ing and ichthyosarcotoxicity. Species of marine vibrios which 
may cause illness in man are presented in Table 1 .  

Vibrio cholerae 01 is the causative agent of endemic or 
Aasiatic cholera (Blake et al., 1980; Colwell, 1984; Sakazaki, 
1979). Two biotypes, classical and El Tor, are found. They 
can be differentiated by polymyxin B sensitivity, Mukerlee's 
group IV phage sensitivity and by the ability to agglutinate 
chicken red blood cells. Both types produce similar symp- 
toms. The incubation period ranges from 1 to 5 days. The 
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concern. The non-01 serotypes of V. cholerae occur naturally 
in the environment. They tend to be isolated most frequently 
from waters of moderate salinity. This organism has also 
been isolated from freshwater crawfish and from the feces of 
fish-eating birds. Non-01 V. cholerae does exhibit a seasonal 
variation in numbers, with the highest number of isolates 
occurring during the warmer months (Colwell, 1984, 1978; 
Eklund, 1982). 

Vibrio mimicus is a marine bacterium which has biochemi- 
cal characteristics which are similar to V. cholerae, with the 
exception that it is sucrose-negative (Blake et al., 1980; 
Colwell, 1984). Deoxyribonucleic acid homology studies 
demonstrated that V. mimicus is related to V. cholerae at the 
24% to 50% level. A relatedness of 70% is required for 
organisms to belong to the same species. This organism has 
been implicated as a causative agent of diarrhea. Toxins 
demonstrated include labile toxin, stable toxin and cytotoxin. 

Vibrio parahaernolyticus is a major cause of food poison- 
ing, especially in Japan, where it is responsible for greater 
than 70% of bacterial-induced gastroenteritis (Barker, 1974; 
Barrow and Miller, 1976; Hackney et al., 1980; Liston, 1976; 
Sagazaki, 1979). Symptoms include watery diarrhea, vomit- 
ing, fever, and headache. The infective dose needed to 
induce symptoms ranges from lo5 to lo8 viable cells. This 
means that food has usually been exposed to temperature 
abuse, which allows the organism to grow. Not all strains of V. 
parahaernolyticus are able to cause gastroenteritis (Hackney 
et al., 1980; Sakazaki, 1979). The test most widely used to 
differentiate between virulent and avirulent strains is the 
Kanagawa test. This test determines the bacterium's ability 
to produce a heat-stable hemolysin in a medium containing 
7% NaCI, mannitol and fresh human or rabbit red blood cells. 
The strains implicated in diseases are invariably Kanagawa- 
positive, whereas seafood isolates are mostly (>99%) 
Kanagawa-negative (Barrow and Miller, 1976; Hackney et 
al., 1980; Sagazaki, 1979). Methodology is needed to selec- 
tively isolate the virulent strains from seafood. 

The normal habitat for V. parahaemolyticus is the marine 
environment. Its presence shows a seasonal variation, with 
the highest number being observed during warm weather 
(Colwell, 1984; Hackney et al., 1980). The organism is sensi- 
tive to cold temperatures and its numbers decline when 
temperatures fall below 15" C (Colwell and Kaper, 1978). 
Therefore, refrigeration can be relied upon to control the 
organism. 

Vibrio fluvialis, also called Group F vibrio and EF6, has 
been implicated in gastroenteritis, especially in Bangladesh 
(Colwell, 1984). Vibrio metschnikovii, formerly referred to as 
enteric group 16, is another environmental bacterium impli- 
cated in gastroenteritis (Blake et al., 1980; Colwell, 1984). 
This organism is unique among the vibrio species in that it is 
oxidase-negative and it cannot reduce nitrate. Vibrio hollisae 
has only recently been implicated in gastroenteritis from the 
consumption of shellfish. V. hollisae has some unusual char- 
acteristics, including being nonmotile in motility medium after 
48 hours at 37" C, but appears motile after 72 hours. It is 
maltose, mannitol and sucrose-negative and will not grow on 
thiosulfate citrate bile sucrose (TCBS) agar (Blake et al., 
1976; Colwell 1984). 

In addition to gastroenteritis, Vibrio species have been 
implicated in infections. V. alginolyticus has caused ear 

Table 1. Marine Vibrios Associated with Human 
Disease 

Organism Disease 
Vibrio cholerae Cholera 
Non 01 Vibrio cholerae 

Vibrio parahaemolyticus Gastroenteritis 
Vibrio fluvialis Gastroenteritis 
Vibrio metschnikovii Gastroenteritis 
Vibrio hollisae Gastroenteritis 
Vibrio alginolyticus Ear Infections 
Vibrio damsela Soft tissue infections 
Vibrio vulnificus Infections, septicemia and 

Gastroenteritis, Soft tissue 
infections 

death 

medium time for the onset of symptoms is 48 hours. The 
disease is characterized by a sudden onset of vomiting 
without nausea or retching. The victim has a painless water 
diarrhea which quickly assumes the "classic" rice water 
appearance. The stool is rich in potassium and bicarbonate. 
Renal function is suppressed and the patient suffers from 
severe thirst, leg cramps, hoarse speech, weakness and 
rapid pulse. If untreated, death may occur in as little as 24 
hours in the worst cases (Barlow et al., 1971; Blake et al., 
1980; Sakazaki, 1979). It should be emphasized that every 
victim will not suffer the devastating symptoms described 
above. For people infected by the El  Tor biotype, only 1 in 25 
to 100 victims suffers from the classic disease of cholera. 
The remainder will have only mild diarrhea or may be asymp- 
tomatic. One in ten of the victims of the classical biotype will 
have the classic cholera symptoms. Treatment consists 
mainly of replacing electrolytes (Blake et al., 1980; Sakazaki, 

There is strong evidence that V. cholerae 01 may be a 
normal inhabitant of brackish waters (Blake et al., 1980; 
Colwell, 1984; Colwell and Kaper, 1978). However, it should 
be emphasized that most of the environmental isolates do 
not carry the toxin germ, needed for virulence (Colwell, 
1984). Therefore, it is possible to isolate 01 V. cholerae from 
the environment and seafood which would not cause illness. 
The outbreaks of cholera which have occurred have mostly 
been due to poor handling procedures, such as putting 
cooked crabs into containers which had previously held live 
crabs (Blake et al., 1980; Colwell, 1984). 

Other serotypes of V. cholerae (non 01 V. cholerae) are 
marine bacteria (Blake et al., 1980; Colwell, 1984). Their 
biochemical characteristics are similar to those of V. cholerae 
01. Non-01 V. cholerae strains have been implicated in 
cholera-like illnesses and in tissue infections (Blake et al., 
1980). Death is rare from non-01 V. cholerae. 

Non-01 V. cholerae can easily be isolated from seafoods 
and the marine environment. However, their numbers are 
seldom high enough to cause infection (Colwell, 1984). It is 
very critical that V. cholerae isolates be serotyped and that 01 
isolates be further tested for toxin production. Reports of V. 
cholerae isolation instill fear in the public when, in reality, low 
numbers of non 01 V. cholerae should not cause undue 
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infections; however, less than 100 cases have been reported 
(Blake et al., 1976). V. alginolyticus is a common marine 
bacterium which is not normally considered pathogenic. 
Vibrio damsela is named after the damselfish. It can cause 
wound infections in damselfish, sharks and man. Severe 
infections may be caused by Vibrio vulnificus (Blake et al., 
1980; Colwell, 1984). This marine bacterium is similar to v1 
parahaemolyticus, with the exception that it is lactose-posi- 
tive. Deoxyribonucleic acid homology studies have demon- 
strated that they are separate species. The bacterium can 
cause severe wound infections and septicemia in susceptible 
individuals. Symptoms include malaise, chills, fever and drop 
in blood pressure. Wound infections are often followed by 
gangrene. V. vulnificus has been called the new terror of the 
deep and it has been gathering a lot of "press" lately. It 
should be emphasized that infections from this organism are 
actually quite rare. Less than 100 people have died from 
diagnosed cases during the 10 years the disease has been 
recognized. In general, the victims belong to high-risk cate- 
gories. Conditions that may make a person more susceptible 
to infection include underlying liver disorder, hemochroma- 
tosis, kidney disorders, diabetes, cancer and alcohol abuse 
(cirrhosis of the liver). In addition, chemotherapy, the use of 
immunosuppressive drugs, and steroid therapy may make a 
person more susceptible to V. vulnificus infections. People 
who fall into these categories have increased risk with regard 
to a number of infectious agents. These people are normally 
warned by their physician to avoid a number of foods. Raw 
seafood should be avoided by these people. Of course, 
cooked seafood is safe. The organism is very heat-sensitive 
and will be killed by normal cooking procedures. V. vulnificus 
is also cold-sensitive and it is sensitive to freezing tempera- 
tures. I want to emphasize that this organism is not consid- 
ered overly hazardous to normal healthy people. 

Marine bacteria, other than the vibrios, which have been 
implicated in human disease include Aeromonas hydrophila 
and Plesiomonas shigelloides. A. hydrophila is a marine 
bacterium which has been implicated in human disease 
(Gracay et al., 1982). It will grow at refrigeration tempera- 
tures and may increase during storage of shellfish. I? 
shigelloides is a Gram-negative oxidase positive bacterium. 
It is most often found in fresh waters (Miller and Koburger, 
1985). It has caused gastroenteritis in a number of people. 

The possible presence of Clostridium botulinum in 
seafood products is of concern. Processors in the meat 
industry are well aware of the potential problems presented 
by the presence of type A and 6. Red meat processors may 
not be aware of the characteristics of type E and nonproteol- 
ytic type 6 and F, which are more often associated with 
marine environments. C. botulinum type E and nonproteo- 
lytic type B and F belong to the Smith's Group 2. They are 
non-proteolytic, psychrotrophic and produce spores which 
are fairly heat-sensitive (Conn and Taylor, 1979; Cockey and 
Tato, 1974; Eklund, 1982; Simunovic et al., 1985). Decimal 
reduction times at 82.2" C range from 0.49 minutes to 6.6 
minutes, depending upon the heating medium and the strain 
(Conn and Taylor, 1979; Eklund, 1982; Simunovic et al., 
1985). The spores are most sensitive in water and most 
resistant in tuna packed in oil. 2-values range from 4.8" C to 
9.6" C (Lynt et al., 1977; Simunovic et al., 1985). For com- 
parison, D-values for non-proteolytic type B range from 1.49 

to 32.3 minutes at 82.2" C. The Z-values range from 4.6" C to 
9.2" C. The heat resistance of the spores of non-proteolytic 
type F is similar to that of type E. 

The non-proteolytic type of C. botulinum are not putre- 
factive and it is possible to have growth and toxin production 
before the food appears unacceptable. Post et al., (1985) 
recently reported development of botulinum toxin from type E 
in whiting fillets, prior to sensory deterioration, when the 
fillets were stored under vacuum or in modified atmosphere. 

The outgrowth of the spore can be controlled by curing 
agents. In addition, the non-proteolytic Group 2 are inhibited 
by 5% to 6% sodium chloride and water activities below 0.95 
(Eklund, 1982; Graham, 1980; Pelroy et al., 1982; Simunovic 
et al., 1985). 

The incorporation of fish into red meat products could 
introduce type E C. botulinum. However, methods used to 
inhibit other types of C. botulinum will also be effective 
against type E. For more information on non-proteolytic C. 
botulinum, a recent review by Simunovic et al. (1985) is 
recommended. 

In addition to illness of bacterial origin, fish products may 
also carry parasites, including tapeworms, flukes, and round 
worms, which can be transmitted to man. These parasites 
are easily killed by cooking and are usually not a problem. 
The increasing consumption of sushi is of concern. Sushi 
should not be made from salmon or freshwater pike species. 
An excellent review by Higashi of parasites transmitted to 
man from aquatic food is presented in the March 1985 issue 
of the Journal of Food Technology. 

Other safety concerns include Ciguatera and ichthyo- 
sarcotoxicity. Ciguatera is a disease associated with tropical 
fish (Graham 1980). Barracuda is perhaps the fish most often 
implicated. The toxin is produced by dinoflagellates of the 
genus Gymnodinium. The toxin is fat-soluble and the fish 
becomes toxic through food chain magnification. Therefore, 
larger fish carry more toxin. Over 400 species of fish have 
been identified as carriers of this toxin. It should be empha- 
sized that not all fish are carriers. These fish are usually safe 
to eat. 

Ichthyosarcotoxicity is simply the consumption of poison 
fish (Graham 1980). Tetradon toxin from puffer fish is a well- 
known example. The Japanese consider the puffer fish a 
delicacy. The fish can be made safe by removing the toxic 
portion of the fish. Toxic parts include liver, gonads and skin. 
Tetradon toxin is a neurotoxin which has an LD 50 of 12nglkg 
body weight for mice. This toxin can cause death in man in 
1.5 to 8 hours. There is no antidote. The best solution is to 
avoid eating poisonous fish. 

Part 2: Use of Minced Fish in 
Hot Dogs and Similar Products 

A petition has been submitted to the United States De- 
partment of Agriculture Food Safety and Inspection Service 
to amend Title 9 of the Code of Federal Regulations to allow 
the inclusion of minced fish as an optional ingredient in 
frankfurters, franks, furter, hot dogs, weiners, Vienna, bolo- 
gna, knockwurst and similar cooked sausage products 
(NMFS 1983). It is further proposed that minced fish used in 
these products must be packed under federal inspection. The 
packages would bear an inspection mark authorized in sec- 
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tion 50 Code of Federal Regulations 260.81. Under this 
petition, minced fish would only be allowed as an ingredient 
in cured meat products, (i.e., those which contain nitrate or 
nitrite). The minced fish would have to be used within nine 
months if held under frozen storage. If the minced fish is held 
unfrozen (<3" C), it would have to be used within 36 hours. 
Also, the type of fish would be required to appear on the 
label. Finally, this petition would allow only the incorporation 
of minced cod fishes into the cooked products. Cod fishes 
include cod (Gadus morhua), red hake (Urophycis chuss), 
whiting (Merluccius bilinearis) and Alaska pollock (Theragie 
chalcogramma). 

Limitations of fish species allowed makes it much easier 
to answer questions on safety and quality. However, it should 
be pointed out that other fish, especially menhaden, is also 
being used experimentally in cooked sausage products. 

The first question that comes to mind is: Why would 
anyone add minced fish to hot dogs? The answer is that 
minced fish or surimi made from minced fish improves the 
sensory quality of the product with respect to texture. Studies 
have indicated that, with the addition of minced fish, it is 
possible to produce a product which is lower in fat, but which 
has good textural properties (Agnello, 1983; NMFS, 1983). 
Thus, the product may be preferred by calorie-conscious 
consumers. 

Minced fish is a high-quality product. Its nutritional value 
compares well with other meats. Minced fish has nutritional 
properties equivalent to fillets from the same species. in 
addition, the digestibility of minced fish is higher than that of 
beef, pork or chicken. Minced fish is lower in calcium than 
many other deboned products. This is because the bones in 
fish are generally softer and smaller than the bones of 
poultry, beef or pork (Martin, 1976). Therefore, the step of 
crushing of the bone is omitted and the separator operates at 
a relatively lower pressure. The result is lower levels of bone 
fragments, calcium, fluoride and cholesterol. The maximum 
permissible calcium content of minced fish is 0.20%. There- 
fore, the maximum amount of calcium that the addition of 
15% minced fish could contribute to 2 oz of franks is 17mg. 
The threshold level which requires calcium labeling is 20mg 
for a single serving (NMFS 1983). 

With respect to quality, the number and type of microor- 
ganisms are of concern. The cod fishes come mostly from 
temperate waters and their microflora reflects this. Plate 
counts (35" C) of minced fish will average log 3-6 per gram 
(Barr et al., 1976; Liccrasdello and Hill, 1978; Shewan, 
1971). For comparison, ground turkey may average log 4-8 
and raw frankfurter emulsion ranges from log 4-7. The addi- 
tion of minced fish would not increase microbial loads. The 
spoilage bacteria are for the most part heat-sensitive and 
should be killed during the cooking process. Thus, from a 
microbial standpoint, the incorporation of minced fish would 
not lessen the product quality. 

Several factors regarding food safety come to mind when 
discussing the incorporation of minced fish into hot dogs and 
other cooked sausage products. These include microbio- 
logical hazards from marine vibrios and nonproteolytic C. 
botulinum, possible formation of nitrosamines, allergies, 
presence of heavy metals and other factors described in the 
previous section. The limitation on the type of fish allowed 

makes it fairly easy to address these concerns. These issues 
are addressed in the petition (NMFS 1983). 

Marine vibrios and other potentially pathogenic microor- 
ganisms would probably be present in relatively low numbers 
because the fishes tend to be caught in cool water. Vibrio and 
other Gram-negative potential pathogenes are heat-sensitive 
and should be killed during cooking. 

The nonproteolytic types of C. botulinum are psychro- 
trophic and are capable of growing at refrigeration tempera- 
tures (Hobbs, 1976; Sakaguchi, 1979). The organisms are 
inhibited by curing agents normally used in production of 
cooked and canned sausage products (Graham, 1980; 
Pelroy et al., 1982). The petition submitted would allow 
minced fish to only be used in products which contain curing 
agents which inhibit C. botulinum. Therefore C. botulinum 
from marine sources would not present a problem, as long as 
care is taken to prevent outgrowth. 

Parasites from aquatic sources were discussed in the 
previous section. The danger from parasites is mostly a 
concern in freshwater species such as salmon, pike, and 
lake trout (Higahi, 1985). Parasites capable of infecting man 
are rarely present in the cod fishes. Even if parasites were 
present, cooking would kill them. As pointed out previously, 
minced fish would only be allowed in cooked and cured 
products, such as hot dogs. 

Other safety concerns associated with fish include 
ciguatera and ichthyosarcotoxicity. These would not be a 
problem in minced fish made from the cod fishes. Ciguatera 
IS associated with tropical fish, whereas the cod fish are 
caught in temperate waters. Of course, cod fish are not toxic. 

Heavy metals, particularly mercury, have been associated 
with the consumption of fish, especially large swordfish and 
large shark. The cod fish are smaller and data from the 
National Marine Fisheries Service indicate that the levels of 
heavy metals would be quite low (NMFS 1983). For example, 
mercury levels were below 0.28 ppm for all samples taken for 
the four cod fish species. The FDA tolerance for mercury in 
fish is one part per million. Also in this study, lead levels 
ranged from 0.42 to 0.55 ppm. Arsenic levels ranged from 
2.79 to 10.65 ppm, depending on the species, and cadmium 
levels ranged from 0.36 to 0.37 ppm. None of the metals 
were present in levels high enough to cause concern. 

Allergies to certain foods is of growing concern. Many 
people are allergic to certain seafood. Allergies to shellfish is 
of more concern than finfish allergies, but these allergies do 
exist. Proper labeling of fish-containing products would pro- 
tect the consumer. The petition submitted by NMFS empha- 
sized the need for proper labeling of cooked sausage that 
might contain minced fish. 

Perhaps the biggest concern in the use of minced fish in 
canned meat products is the formation of nitrosamines. 
Nitrosamines are produced by the interaction of nitrate and 
secondary or tertiary amines. Nitrosamines are strong 
hepatotoxic agents. In addition they are quite carcinogenic, 
inducing tumor in the liver and sometimes the kidneys of 
animals (Graham, 1980; Roberts, 1981). The problem of 
nitrosamine formulation in foods was brought to the attention 
of the scientific community in the ~ O ' S ,  following an outbreak 
of severe liver disease in sheep and mink in Norway (Gra- 
ham, 1980; Roberts, 1981). Fish meal which had been 
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processed with nitrite was implicated as the toxic food. 
Nitrosamines had been formed from the interaction of nitrite 
and amines present in the fish. Marine fish contain 
trimethylamine oxide (TMAO) which decomposes to tri- 
methylamine (TMA) during microbial spoilage (Ishida et al., 
1976; Jaquot, 1961; Laycock and Reigier, 1971; NMFS, 
1983). The amount of TMA present is highly correlated to 
bacterial spoilage. If fish are handled properly, the amount of 
TMA can be held to a minimum. In addition, there are ways to 
control nitrosamine formation. These include addition of 
ascorbic acid and Vitamin E. 

Nitrosamines are not produced during frozen storage of 

the minced fish blocks. The best way to decrease the chance 
of nitrosamine formulation is to handle the fish properly. 
Manufacturers of hot dogs and other cured meat products 
are well aware of the problem of nitrosamine production and 
will take care to keep the levels low. 

In conclusion: The incorporation of minced fish into hot 
dogs and other cured cooked sausage products should not 
lead to either quality or safety problems. Overall, the advan- 
tage of adding minced fish outweighs possible disadvan- 
tages. The authors support the petition by NMFS and hope it 
is accepted. 
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Discussion 
J. Regenstein: I have a couple of quick points of strong 

disagreement. Actually, I’m opposed to the partition (to allow 
fish in frankfurters) and have a couple of points to make. 
First, all laboratories do not agree as to nitrosomine levels. 
They are having serious problems with nitrosomines in prod- 
ucts involving fish. Secondly, USDC Inspection is modeled 
after, but is far inferior to, USDA Inspection. Having seen 
both types of operations, I don’t think there is any comparison 
between the two. Thirdly, the ingredient labeling may be fine 
if people are buying it, but many people don’t read it and the 
obvious use would be in institutional areas because it will be 
a cost factor. I think people will not be properly informed. We 
are already seeing this with crab surimi with gross 
mislabeling of product. I think its basic use is as a place for 
the fish industry to dump its by-products. It’s not in the best 

interest of either fish or meat. I think the chicken story is clear 
that they started with 100°/o chicken as the product. Now that 
they have made a success of it, they are putting it in red 
meats. Until a product has sufficient identity in its own right, I 
think we are doing the fish industry, poultry industry and the 
red meat industry a great disservice. 

T: Lanier: I would like to say one thing about that. I think 
surimi is a primary product, whereas, right now, minced fish is 
primarily a by-product. It is a recovery operation. Because 
surimi is sold on its functional properties, rather than its cost, 
(although cost is always a factor), it has to have the quality, 
both microbiological and functional. This is why I have always 
felt that the first foot in the door in getting fish into meat 
should be surimi and not minced fish. 




