
79
Regulating Safety of Traditional and Ethnic Foods. http://dx.doi.org/10.1016/B978-0-12-800605-4.00005-0
Copyright © 2016 Elsevier Inc. All rights reserved.

CHAPTER 5

Safety of Fish Products
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5.1 INTRODUCTION

Seafood is an essential dietary source for people in many developed countries; it is 
 appreciated globally as a healthy and gastronomically exciting food. Generally, the term 
seafood refers to different species of fish, crustaceans, and molluscs. However, many more 
marine organisms are consumed in different regions of the world, such as sea cucum-
bers, sea urchins, algae, and whales. These organisms differ in their structural properties, 
chemical composition, sensory attributes, and food safety hazards.

Seafood is consumed as a raw, cured (smoked, salted, marinated, dried, fermented), 
and thermally processed (cooked) product. Cured and thermally processed products also 
vary greatly in their properties amount and within countries, with differences in content 
of antimicrobials (salt or vinegar) or other ingredients (e.g., herbs, spices) and in tem-
perature and processing conditions. These differences influence and determine the food 
safety aspects of each particular product directly.

There is much information about the hazards and risks related to seafood (FDA, 2001; 
Huss, Ababouch, & Gram, 2003; Köse, 2010; Vidaček, 2014). In general, chemical hazards 
(e.g., aquaculture drugs, heavy metals, processing hazards) are generally easier to control 
because the route of contamination is clear; however biologic hazards, especially bacteria 
(e.g., Listeria monocytogenes, Enterobacteriaceae, Clostridium spp.) are not as easy to con-
trol. Pathogenic bacteria can enter the food chain at different stages, are highly versatile, 
and can adapt to the environment, allowing for the survival, growth, and production of 
toxic compounds (Havelaar et al., 2010).

Each food manufacturer, including those that produce traditional and ethnic seafood 
products and dishes, has to ensure that the product it is producing is safe for consum-
ers, which generally implies a hazard analysis and critical control point (HACCP)-based 
approach preceded by a prerequisite program. Control of raw materials (or suppliers), 
personnel, and their hygienic practices and temperature of the storage and cold chains 
are particularly important, as well as correct manufacturing procedures, to ensure safety 
of the final product (e.g., control of salt content, pH, or water activity (aw) in the final 
product).
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Many publications are about different aspects of ethnic foods because these products 
represent a growing segment in developed countries (Simonne, Nille, Evans, & Mar-
shall, 2004; Vanhonacker et al., 2013; Weichselbaum, Benelam, & Soares Costa, 2009; Lee 
et al., 2014); however, information on the food safety of these foods (including seafood) 
is scarce.

Traditional and ethnic foods are consumed as ready to eat (RTE) products in res-
taurants, or they can be found as manufactured products sold in supermarkets. With the 
rise of popularity of ethnic foods in the United States, more foodborne illness outbreaks 
associated with them have been reported (Lee et al., 2014). Actually, in the United 
States, approximately 48 million cases of overall foodborne illness outbreaks are reported 
every year; the major source of such outbreaks is restaurants, at a 66% occurrence rate 
(Jones et al., 2004; Zablotsky Kufel et al., 2011; Scallan, Griffin, Angulo, Tauxe, & Hoeks-
tra, 2011). Lee at al. (2014) have analyzed data from the US Centers for Disease Control 
and Prevention on Chinese, Italian, Mexican, and Japanese foods in the United States; 
they concluded that Mexican food was linked to the most incidents, followed by Italian, 
Japanese, and Chinese restaurants. In Mexican food, fresh vegetables were the main cause 
and, in the case of Japanese food, raw fish was the main cause, so the authors suggested 
that fresh ingredients, not cooked, contribute to foodborne illness outbreaks, rather than 
particular types of ethnic foods. However, Po (2007) pointed out that the main reason 
why ethnic foods are linked to foodborne outbreaks is that the employees are not famil-
iar with the ingredients of ethnic foods.

Generally, food safety measures are often not fully implemented in the service sector. 
Djekic et al. (2014) evaluated the level of hygiene in different food establishments that 
supplied food dishes directly to consumers such as restaurants, take-aways, cafés, and 
pubs in three south European cities, and concluded that major differences in the level 
of food hygiene in food establishments are based on HACCP status rather than on the 
type and size of the food establishment. They also pointed out that the most common 
scenarios that lead to outbreaks in restaurants, fast food establishments, and take-aways is 
the combination of heat treatment practices with subsequent time–temperature abuse, 
cross-contamination, and defects in food preparation. The study did not group food 
establishments based on the type of foods they offer (international or traditional, mainly 
meats or seafood), but it is clear that the lack of adequate prerequisite programs and 
HACCP implementation presents general challenges to the food service sector.

Traditional seafood products and dishes that are manufactured and consumed in the 
country of origin, pose less risk to consumers because these products have been pre-
pared following the same manufacturing steps and recipes for a long time, even centuries. 
However, risk with these foods is often elevated as a result of modifications to traditional 
processing steps (e.g., temperature, curing time) or a reduction of content or replacements 
of ingredients. Consumers of traditional foods are generally willing to accept innovations 
in traditional foods when these provide benefits toward improving a negative attribute 
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associated with the traditional character of foods – for example, the reduction of salt 
(Vanhonacker et al., 2013) – but this can represent food safety challenge because salt is an 
important antimicrobial agent in salted, marinated, or smoked seafood.

Another challenge related to the food safety of traditional products is related to a shift 
from a restaurant-prepared traditional dish to one that is available in supermarkets and 
retail outlets. As an RTE product consumed in a restaurant, sushi is eaten immediately 
after preparation, whereas with a take-away product, the time until consumption is pro-
longed, and the food safety risk is higher.

In some developing countries, food safety principles have still been not fully imple-
mented (e.g., use of untreated or partly treated wastewater in the processing of fish, 
lack of a clean water supply). Controlling chemical and biologic hazards that occur at 
the time of the catch is still often a challenge (e.g., Vibrio cholerae, inappropriate use of 
agricultural chemicals). Also, food safety risks linked to chemical hazards may occur as a 
result of some traditional manufacturing practices (e.g., use of nitrosoamines, polycyclic 
aromatic hydrocarbons [PAHs], heterocyclic amines [HCAs]).

This chapter presents an overview of some of the existing processing technologies 
of traditional seafood products, food safety hazards, control measures, and data on food 
safety incidents.

5.2 RAW SEAFOOD

Fish and seafood are consumed raw or minimally processed in many countries. Seafood 
is highly perishable and spoils quickly, so it is well known that it should be very fresh to 
be consumed raw or minimally processed.

Of all seafood, oysters are consumed often as raw and are very popular in North 
America, Europe, and Asia. Raw and undercooked shellfish have been linked to many 
foodborne incidents worldwide. The hazards in raw shellfish include intoxication from 
algal blooms, viral and bacterial infections when shellfish is harvested from waters con-
taminated with sewage, and bacterial infections from naturally present pathogen from 
the aquatic environment, such as Vibrio spp. In developed countries, control of waters 
and shellfish in regard to toxins and fecal bacterial pathogens is efficient; however, in 
some developing countries, adequate control measures are still not in place.

Infection with Vibrio spp. is a challenge worldwide. Interestingly, even in China, where 
chemical hazards constitute most reported food safety incidents currently reported by 
their media, data published by the National Health and Family Planning Commission of 
the People’s Republic of (known as the Ministry of Health before 2013) have indicated 
that microbiologic foodborne hazards were involved in over half of recorded food safety 
incidents. Vibrio spp. was one of the main pathogens studied by risk assessment researchers 
in China, and seafood was found to be the main vehicle of contamination, with oysters, 
shrimps, and salmon as the dominant types (Dong et al., 2015).
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Not only oysters are challenging regarding Vibrio, but also all raw and minimally 
processed seafood. Among many different traditional raw seafood dishes, probably 
one of the most widespread globally is sushi. The amount of raw fish dishes con-
sumed in Western countries has increased dramatically in last decade; for example, 
in the United States, sushi consumption at restaurants increased 40% from 2006 to 
2011, according to the US National Restaurant Association (Broglia & Kapel, 2011). 
Sushi is a traditional Japanese dish prepared from raw fish and cooked acidified rice, 
sometimes with fresh or cooked vegetables and nori algae (seaweed), and seasoned 
with wasabi. It can be prepared in different shapes – for example, as nigiri (balls of 
rice with raw fish) or maki (rolls of rice and nori sheets that contain seafood, vegeta-
bles, and other ingredients). Sashimi is just raw fish with no rice or other ingredients.

The steps of sushi manufacturing include the following: receiving raw materials; 
storage, primary processing of fish (thawing, evisceration, filleting, cutting); cooking 
and acidification of rice; preparation of other ingredients (e.g., cutting, cooking of 
vegetables, preparation of algae); and final shaping of sushi. Similar to any other raw 
seafood product, biologic hazards of concern in sushi include the aforementioned Vib-
rio spp. as part of the natural microflora and parasites, but also include enterobacteria 
and viruses that may be introduced to sushi through contaminated harvest water or via 
cross- contamination during manufacturing. Histamine is an important chemical hazard 
in some species (tuna).

Sushi and sashimi served in Japanese restaurants and sushi bars have been suspected of 
causing fish-borne parasitic zoonoses, especially anisakiasis. According to some authors, 
the risk of infection with fish-borne parasites when dining in a Japanese restaurant or sushi 
bar is not as significant as generally feared (Nawa et al., 2005). Sushi and sashimi are gener-
ally prepared from marine fish that could be a host of anisakid larvae; however, the authors 
argue that expensive species used for sushi such as tuna, salmon, red snapper, or flatfish are 
less contaminated or are even free of Anisakis larvae. However, it is generally accepted that 
all marine fish species could be a vehicle for Anisakis so, in most countries, it is mandatory 
to freeze fish products that are to be consumed raw. The risk of infection by eating sushi 
and sashimi is higher in countries where such legal regulations have not yet been imple-
mented. In Asia, attention should be paid when consuming ethnic dishes prepared from 
local freshwater or brackish water fish (Nawa et al., 2005, Broglia & Kapel, 2011).

Obviously, fish in sushi can be a vehicle for the transmission of many food safety 
hazards, but preparation of sushi rice is a critical control point in sushi manufacturing. 
If not prepared properly, sushi rice can be a source of Bacillus cereus. Safety measures 
include control of fish at the receiving end, freezing of fish as a control measure for 
parasites, control of temperature during storage, and pH control of acidified rice. Good 
hygienic practice as a control of cross-contamination is also very important.

Despite many safety hazards related to sushi, there have not been as many reported 
outbreaks linked to sushi. In Japan, in 2012, a revolving sushi bar was associated with a 
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hepatitis A outbreak (Tominaga et al., 2012). In 2004, in the United States, an outbreak 
of enterotoxigenic Escherichia coli occurred in a sushi restaurant, which was reported to 
be caused by poor food handling and bad hygiene practices (Jain et al., 2008). In 2012, 
an outbreak of human salmonellosis was reported that was associated with an imported 
frozen raw yellowfin tuna product used in sushi. In Australia, in 2004, an outbreak with 
Salmonella Singapore was linked to sushi consumed from take-away outlets. The probable 
vehicle of S. Singapore infection in this outbreak was sushi roll. The authors suggested 
that it is likely that bacteria was introduced from a contaminated raw product and used 
directly as an ingredient or was a constituent of one of the sushi ingredients (Barralet, 
Stafford, Towner, & Smith, 2004).

Usually, sushi is manufactured in restaurants and consumed immediately after prepa-
ration. However, sushi is now offered as a take-away product as well. As such, sushi is not 
eaten immediately; as an RTE product in which bacteria are able to grow, it requires 
storage at lower temperatures. At the time of the outbreak with S. Singapore in Australia, 
it was allowed to display sushi after manufacturing (when the pH of the rice was < 4.8)  
up to 15°C for 12 h. In a report on an outbreak in Australia in 2004, the internal tem-
perature of the displayed sushi products varied between 17°C and 24°C. Because this 
outbreak involved food prepared and consumed over an 18-day period, it was concluded 
that there was an obvious time and temperature violation. However, they were also 
doubtful about whether adherence to the guidelines would have prevented the occur-
rence of this outbreak (Barralet et al., 2004).

In the United States and Australia, new guidelines on the safe production and sale of 
sushi in retail operations were published in 2004 and 2007 (Otwell, Schneider, & Gar-
rido, 2004; NSW, 2007). According to the Australian guidelines, in addition to the control 
measures listed above, sushi can be displayed at temperatures higher than 5°C for no lon-
ger than 4 h. In the United States, sushi should be stored at temperatures at or below 5°C.

This sections shows that some traditional products are now prepared in a way that 
is more convenient to the modern consumer but at the same time may pose additional 
risks. Therefore, food safety recommendations are necessary for the production of such 
products, and food manufactures should comply with these guidelines.

5.3 CURED PRODUCTS

Cured products are a diverse group of foods that are dried, smoked, salted, marinated, 
and fermented. The technology and processing conditions differ significantly among 
countries. The shelf life of these products is prolonged by a reduction of pH (in mari-
nated, sometimes fermented products), aw (dried, salted products), or addition of anti-
microbial compounds (e.g., to smoked fish). In these technologies, raw materials are not 
just the fish but also include salt, acid, and other ingredients (e.g., spices, nitrites), which 
also should be controlled.
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Hazard analysis of these products again involves control of the raw materials and all 
biologic, chemical, and physical hazards during production. Different pathogens grow 
at a different pH or aw. Cured products have different levels, so this means that various 
pathogens are significant hazards in these products. A report on the safety of tradition-
al cured seafood products, with preventive measures and monitoring issues discussed, 
was published by Köse (2010). The main biologic hazards related to these products are 
pathogenic bacteria and parasites. Important chemical hazards include histamine and 
processing hazards (e.g., nitrosoamines, PAHs, HCAs).

5.4 MARINATED (PICKLED) FISH

Currently, the term marinating means adding flavor or moisture to the food before cook-
ing it. However, traditionally, a marinade is a solution of organic acids and salt, with or 
without other ingredients used for preserving fish (or meat). A fish marinade can be 
prepared from raw or thermally processed fish so, in the latter case, thermal processing 
also preserves a product. On the basis of preparation procedures, cold, fried, and cooked 
marinades can be distinguished (Meyer, 1965). In this chapter, the focus will be on cold 
marinades.

The manufacturing process of cold marinades involves preserving a fish in an acidic 
solution (usually vinegar and acetic acid; sometimes, citric or tartaric acid) and salt. 
Bacterial and enzymatic actions are retarded by a low pH and increased salt content. 
The process also modifies muscle proteins and textural properties. The flavor of fish 
marinades is accentuated by the addition of various spices and other ingredients (e.g., 
oil, peppers, onions, cucumbers).

Historically, fish marinades were widely consumed in Europe. In northern Europe, 
herrings and sprats have been the main fish species used for popular marinated products. 
Some speciality products are Scandinavian anchovies (made of sprat or herring, not 
anchovies, preserved in spiced brine) and German products – Anchosen or Rollmops – 
and spiced herring, called tidbits or gaffelbidder (Byrne, Nesvadba, & Hastings, 2001). In 
southern Europe, marinated fish is prepared mainly from anchovies and sardines.

Initial steps in the manufacturing of marinated anchovies in southern Europe in-
clude freezing, thawing, and filleting of the anchovies, followed by rinsing the fillets 
with a mild salt solution (3–5%). Fillets are then placed in containers with a marinating 
bath made of 4–5% acetic acid and 7–8% NaCl. The concentrations of acid and salt in a 
bath, ratio of fish to the marinated bath, and duration of the process will affect the final 
salt content and pH of the prepared fish and consequently sensorial properties, safety, 
and a shelf life of a product. The final step is packaging the fish in a mild cover bath or 
in oil, with the addition of spices. The shelf life of marinated products is several weeks 
and up to 6 months, and they should be stored refrigerated. The final products have 
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usually 5–7% of salt and a pH of around 4–4.5. The manufacturing of marinated fish 
in  northern Europe generally follows the same steps, with differences in the content 
of NaCl and/or acid, duration of marination, addition of other ingredients, and final 
processing steps (Meyer, 1965; Byrne et al., 2001). For example, rollmops are marinated 
fillets popular in Germany, rolled into a cylindric shape, often around a filling, which is 
usually slices of onion, pickled cucumber, or green olive with pepper. Herring is mari-
nated in brine containing 10–14% salt and 5–8% vinegar.

Data on food safety hazards or foodborne infections and intoxication linked to mari-
nated fish are scarce. In Switzerland, more than 2000 fish and meat samples were exam-
ined over a 9-year period (1992–2000) for the presence of Listeria monocytogenes; overall, 
12.2% of the samples were positive for this pathogen, and the highest isolation risk was 
for marinated fish (38%) (Jemmi, Pak, & Salman, 2002). Laffon-Leal, Vidal-Martinez, and 
Arjona-Torres (2000) found a relatively high prevalence of Pseudoterranova spp. after ex-
amining five fish species used for the preparation of ceviche (a popular Latin American 
dish) in Mexico; they concluded that this parasite is a potential causal agent of anisakiasis 
on the Yucatan coast. In South American epidemics in 1991, ceviche was initially impli-
cated epidemiologically as a vehicle of transmission of Vibrio cholerae (Feldhusen, 2000). 
Marinated herring from a private household was a source of intoxication with Clos-
tridium botulinum type E in Germany (Lücke & Zangerl, 2014).

The biologic and chemical hazards controlled at the receiving stage include patho-
genic bacteria and, depending on the fish species and an environment of catch, histamine 
and parasites. During processing and storage, the control measures include a control 
of salt content, pH, and temperature of storage. Low pH (<4.5) and high salt content 
(>10% water phase salt [WPS]) can prevent the growth of most pathogens. According 
to Köse (2010), it is advisable to use a salt content of 12% as a critical limit for pathogen 
control. However, such a high amount of salt may not be attractive for many consumers 
because there has been, as noted, in addition to negative sensory effects, a trend toward 
a reduction of salt in food. In products with reduced salt content, preservatives that have 
antimicrobial properties are often added. However, the amounts of these preservatives 
are not standardized for all types of marinated or other lightly preserved fish products. 
Therefore, preventive measures should be implemented; such preservatives should be 
used with caution in the HACCP plan (Köse, 2010).

This discussion of marinated fish shows that although some traditional products have 
a record as safe, their preparation is now changing toward more healthy and tasty prod-
ucts but, at the same time, safety and shelf life may be affected.

Marinated fish are produced as industrial products. There are many other traditional 
products that are consumed after and a short treatment with mild acid. Carpaccio is 
a well-known Italian dish prepared from different species of fish that are marinated 
for a short time with lemon; as mentioned, ceviche is a Peruvian dish popular in Latin 
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America in which fish is marinated with lime. Carpaccio and ceviche are dishes prepared 
in traditional and ethnic restaurants worldwide. These products are mildly processed, 
and they may be categorized as raw or slightly marinated products. Dishes prepared for 
immediate consumption pose less risk to consumers. The most important measure is to 
use fresh fish from controlled suppliers and to freeze the fish as a control measure against 
parasites. Good hygienic practice is as important so as to avoid  cross- contamination 
from the environment and employees.

5.5 DRIED FISH

Drying is probably one of the oldest methods of fish processing, traditionally used for 
the preservation of excess amounts of fresh fish for storage over a longer period. The 
preservation effect is accomplished by reducing water content in fish and lowering the 
aw to a level that prevents microbial growth and activity. The process of fish drying is 
often combined with other methods of preservation such as salting or smoking, which, 
taking into account the large number of fish species throughout the world, results in a 
wide array of dried fish products. In developing countries, dried fish products are usu-
ally made from available low-cost raw materials and are of very important for nutrition 
and the national cuisine, whereas in developed countries, there is significant demand for 
higher value products, such as dried cod (stockfish).

The production process is based on relative simple and well understood physical 
principles. When a fish is exposed to sun and an air stream, water from its surface evap-
orates and is removed by the air stream at a constant rate, as long as there is free water 
at the surface. The rate of water evaporation from the surface is primarily affected by 
the humidity and speed of the air stream. At the second stage, the surface begins to dry 
and the formation of a moisture gradient causes water movement from the interior of 
the fish to its surface. As water moves to the surface, the moisture gradient decreases 
and the drying process gradually slows down until the equilibrium point is reached.

The simplest traditional process of drying, either a whole small fish or split large fish, 
includes spreading on mats or directly on the ground in the sun for several days. This 
method enables very little control over drying times, however, and is totally dependent 
on weather conditions, which if not adequate can prolong the drying time and enable 
microbial activity to develop during processing. For this reason, this method is preferred 
only for drying of very small fish species that can be dried in short period of time. In 
addition, fish processed by this method are exposed to contamination with sand or dirt 
and vermin or insect infestation. A faster drying rate can occur by placing the fish on 
racks raised above the ground, which enables air flow not only from the upper side but 
also under the fish. Fish placed on elevated racks are also less likely to be contaminated 
by sand or dirt and can be protected from rain by plastic sheet covers. Salting the fish 
prior to drying also helps reduce microbial activity and insect infestation.
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Several types of solar dryers with glass or plastic covers that increase the air tem-
perature around the fish and accelerate drying have been designed (Doe, Ahmed, 
 Musselmuddin, & Sachithananthan, 1977; Excell & Kornsakoo, 1978; Brace Research 
Institute, 1973). Tests showed that all three types of solar dryers were more efficient and 
produced fish of higher quality compared to direct sun drying (Trim & Curran, 1983).

Although there are numerous types of dried fish products globally, generally they 
can be categorized according to their aw value as fully dried and partly dried products 
(Doe, 2002). Fully dried fish products are dried until there is a uniform moisture con-
tent and aw is near or below 0.75, resulting in a shelf life of between 1 week and several 
months if stored properly. Partially dried products usually have an aw above 0.8 and shelf 
life up to 1 week if kept refrigerated.

A good example of a fully dried fish products is stockfish, traditional Norwegian 
dried cod (Gadus morhua), which is split lengthwise but left joined at the tail, rinsed with 
fresh water, hung to dry for 1 to 2 months in a relative humidity of 70–80%, and then 
left to dry in a well-aired storeroom (Burt, 1988). The final product has an aw around 
0.74. Dried bonito (Japan), anchovies (Malaysia), and skipjack (Sri Lanka) also belong 
to this category of products, with aw values of of 0.76, 0.79, and 0.64–0.67, respectively.

Herring kippers (Norway) are split, washed, soaked in 80% brine for 15 min, and 
hung to drain for 1 h prior to smoking in a mechanical kiln at 29°C for 4 h. With an aw 
level of 0.98, they are categorized as a partly dried product (Burt, 1988).

These dried products are just a small segment of existing products from this category; 
further details are described and reviewed elsewhere (Doe, 2002; Zaitsev et al., 2004; Van 
Veen, 1965; Yean, Pruthiarenun, Doe, Motohiro, & Gopakumar, 1998).

Due to diversity of existing dried fish products and their characteristics, it is hard 
to provide generic guidelines regarding food safety and health hazards for this group of 
products. According to Zaitsev et al. (2004), most dried products have a low moisture 
content and aw and need to be soaked and cooked prior to use. Due to a low aw, the risk 
of pathogenic and histamine-forming bacteria activity is low, especially if products are 
salted and dried and aw is below 0.8 (Köse, 2010). Some reports link dried fish products 
to histamine fish poisoning (Tsai et al., 2007), believed to occur due to mishandling and 
temperature abuse of raw material.

Other hazards associated with capturing and landing of fish include possible physi-
cal and chemical contaminants from external sources. Therefore, it is important to ap-
ply principles of good manufacturing practices (GMP) and good hygienic practices 
(GHP) to fish capture and receiving raw materials at the beginning of the production 
process. Immediately after capture, fish should be cooled to a temperature below 5°C 
to minimize microbial growth. During fish landing, washing, and salting, only clean ice, 
water, and salt should be used to avoid chemical and microbial contamination. In the 
later stages of processing, care should be taken to avoid insect infestation and microbial 
growth as well as water absorption into a finished product as a result of storage in humid 
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conditions. Doe (2002) suggests that the drying process should reduce aw to 0.91 within 
48 h to minimize microbial growth and quality loss during processing. Drying should 
take place in an insect free-environment. The finished product should also be stored in 
an insect-free environment with low humidity (<65%) and temperature below 10°C to 
prevent possible mold growth.

Data regarding the health risks of parasites in dried fish products are scarce, probably 
due to the fact that these products are generally considered as low-risk products because 
they are cooked before use or heavily salted prior to drying. In the case of products that 
are not cooked before use, and their salt content does not ensure parasite elimination, it 
is advisable to use freezing, heating, or dry salting methods under proper conditions due 
to their lethal effect on different species of parasites (Köse, 2010).

5.6 SMOKED FISH

Technology and processing of smoked fish products varies significantly indifferent re-
gions due to raw material properties, climate conditions, and processing equipment. 
Generally, different smoking processes can be categorized as cold smoking, where the 
temperature of the smoke does not exceed 30°C, and hot smoking, with temperatures 
over 30°C. However, the term hot smoking does not define the time–temperature regi-
men applied in processing, which significantly affects shelf life and potential hazards as-
sociated with certain type of products. More detailed categorization of smoked products 
has been proposed by several authors, such as the following: cold smoking; hot smoking 
in conditions causing thermal denaturation of proteins; hot smoke drying (Doe, Sikor-
ski, Haard, Olley, & Pan, 1998); and cold smoking (T = 12–25°C), warm smoking (T =  
25–45°C), and hot smoking, which includes processes carried out in several stages with 
the smoke temperature range from 40°C to 100°C, resulting in temperatures in the cen-
ter of the product that may reach 85°C (Stołyhwo & Sikorski, 2005).

Smoking is a treatment that combines the effects of dehydration, decrease of aw by 
salt addition, heat, and deposition of smoke components onto the surface of the fish, 
which affects the sensory characteristics, safety, and shelf life of product. According to 
Horner (1997), the preservative effect of smoking can occur because of four main fac-
tors:
•	 Surface	drying,	which	forms	a	physical	barrier	to	bacterial	pathogens	and	prevents	

aerobic microbial proliferation
•	 Added	salt,	which	decreases	aw and inhibits pathogenic bacteria growth if a certain 

salt content is reached
•	 Deposition	of	phenolic	antioxidant	substances,	which	delays	oxidative	processes
•	 Deposition	of	antimicrobial	substances,	such	as	phenols,	formaldehyde,	and	nitrites

In addition, heat also affects the safety of the product, especially hot smoked, due 
to the lethal effect on some parasites and pathogenic and histamine-forming bacteria. 
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 Furthermore, the safety of the product is significantly influenced by storage conditions 
(e.g., cooling, freezing). The final result depends on all the factors mentioned.

Preparation of fresh fish for smoking includes dressing and cutting, which are done 
in a number of ways, depending on the size and species of the fish and desired final 
product. Small fish can be smoked whole and ungutted, which is common practice in 
many regions (North Sea, herring for buckling; Baltic, sprat; Africa, various fish species). 
Larger fish are usually gutted to prevent bitterness and off-flavor. Large fish are split, gut-
ted, or filleted prior to smoking. Prepared fish are salted by dry salting or brining with 
salt quantities up to 4% the weight of the fish, although in some procedures no salt is 
used (e.g. West African hot smoked products). Added salt improves sensory features of the 
product and significantly improves the preserving effect of smoking, even in concentra-
tions of 3–5% WPS. Food colorants and nitrites, if used, are usually added to the brine. 
The duration of salting is defined by the concentration of the brine, fat content of the 
fish, and previous dressing and cutting (size and thickness of fish).

Smoking is carried out in various types of traditional kilns or modern mechani-
cal smokehouses. Although traditional kilns have a low initial cost, they usually have 
an ineffective air–smoke flow system and lack control over process parameters. Smoke 
temperature and density can be controlled by opening and closing doors and other 
openings and manipulating the fire; however, due to the ineffective flow system, racks 
or mesh frames have to be switched (top/bottom and front/back). Mechanical smoke-
houses provide good control over process parameters due to even distribution and flow 
of air and smoke produced in an external generator. Smoke is produced under con-
trolled conditions in smoldering-type generators, although overheated steam or fric-
tion generators can be used. Generated smoke can be washed before being introduced 
into a smokehouse to separate ash particles and compounds with a high boiling point. 
If liquid smoke preparations are used, smokehouses are equipped with equipment for 
dispersing liquid smoke in the form of an aerosol by air under pressure through atom-
izing nozzles.

In terms of health hazards and safety of smoked fish products, it has to be noted that 
most smoked fish products are categorized as lightly preserved products with a WPS 
content below 6%. Typically, in cold smoked salmon, WPS ranges from 3.5% to 5% 
(Truelstrup Hansen, Drewes Røntved, & Huss, 1998), whereas Horner (1997) reported 
that 2–3% salt content in fish is the maximum salt content required if the product is 
to be eaten as a main dish rather than as a condiment. Although some processing pro-
cedures (e.g., hot smoking) may eliminate certain hazards associated with raw material 
recontamination, and pathogen growth is possible in later stages ( e.g., packaging, stor-
age), it is essential to carry out prerequisite program requests and follow GMP and GHP 
principles.

Several reports of high histamine levels in smoked fish products have been published 
(Lehane & Olley, 2000; Rauscher-Gabernig, Grossgut, Bauer, & Paulsen, 2009). The 
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presence of histamine in hot smoked products is usually associated with mishandling of 
raw materials because hot smoking process eliminates living microbes from the product 
and inactivates enzymes, but does not eliminate histamine already formed (Lehane & Ol-
ley, 2000). Several histamine-forming bacteria are facultative anaerobes (Tsai et al., 2007; 
Mah & Hwang, 2009) and able to grow at refrigerated temperatures; therefore, they pres-
ent a risk for hot and cold smoked products packed in a vacuum.

Cold smoked products also present a good substrate for certain pathogenic microor-
ganisms. Generally, C. botulinum and L. monocytogenes represent the main hazards, espe-
cially for vacuum- and modified atmosphere–packed cold smoked products (FDA, 2001; 
Huss et al., 2003). Because certain C. botulinum strains, namely type E and nonpro-
teolytic types B and F, are able to grow at 5% WPS and a minimum temperature of 
3.3°C (FDA, 2001), a minimal concentration of 3–3.5% WPS in combination with a 
100–200 ppm nitrite level is necessary for C. botulinum control (Janchke, 2008). In ad-
dition, refrigerated products should be labeled and kept at a temperature below 4°C, 
frozen products should be labeled as “keep frozen until thawed at refrigeration tempera-
tures and shall not be refrozen,” and packaging of these products should not be carried 
out by retailers. Detailed guidelines published by the FDA (2001) pointed out WPS and 
nitrite content as main inhibitors for C. botulinum (type E and nonproteolytic types B 
and F) toxin formation in smoked fish products, along with the critical role of the heat-
ing and smoking step during processing. FDA guidelines indicate that the cold smoking 
step must not be severe enough to eliminate natural spoilage bacteria because they are 
necessary to spoil the product before the onset of toxin production. For hot smoked 
products, heating and smoking conditions must be sufficient to damage the spores and 
make them more susceptible to salt inhibition. GMP principles for hot smoking of fish 
require a temperature of 82°C to be kept for 30 min in the center of the thickest part 
of the fish when WPS is 3.5%.

Cold smoked fish is very often linked to infections with L. monocytogenes, a psycho-
tropic, halotolerant, gram-positive pathogen capable of growth in the range of 1–45°C 
and between 0% and 10% NaCl (Seeliger & Jones, 1986). Because it is widely present in 
the environment, products with an extended shelf life that are consumed without heat 
treatment by the consumer pose a risk because they may contain high levels of L. mono-
cytogenes. Data have shown that the prevalence of L. monocytogenes in cold smoked fish, 
such as cold smoked salmon, is relatively high (Eklund et al., 1995; Norton et al., 2000; 
Jemmi, 1990), with a typical prevalence ranging from 15% to 40% (FDA, 2001). Although 
the number of microorganisms is typically low, according to the (FDA, 2001) several 
cases of listeriosis have been associated with smoked fish products, such as cold smoked 
trout (Miettinen et al., 1999), smoked mussels (Brett, Short, &  McLauchlin, 1998),  
and gravad trout (Ericsson et al., 1997). The prevalence of L. monocytogenes is higher 
in cold smoked products due to mild temperature and a low WPS content, although 
hot smoked products may be contaminated during processing steps following heat 
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and smoke  treatment. Possible contamination pathways include a microbial population 
present in a raw material that survives smoking treatment and contamination from the 
environment and processing equipment, which may occur before or after the smoking 
treatment. L. monocytogenes can be introduced to processing plants through raw materi-
als, employees, and equipment and is often isolated in a fish-processing environment. 
Once present in a processing plant, it is difficult to eliminate because it tends to form 
a biofilm, which enhances its survival and is difficult to remove with standard cleaning 
and sanitation procedures. Therefore, to control L. monocytogenes, it is essential to imple-
ment Listeria-specific GMP and sanitation procedures, environmental microbiologic 
monitoring, raw material control, employee training, and controls to minimize growth 
in the finished product (Wiedmann & Gall, 2008).

Other pathogenic bacteria are rarely associated with smoked fish products, although 
several authors have reported Staphylococcal aureus involvement in such products (Huss 
et al., 2003; Himelbloom, Crapo, Shetty, & Vorholt, 2008). Some reports have indicat-
ed that Vibrio parahaemolyticus can grow to significant levels in cold smoked fish, and 
this hazard should be considered where fish may be recontaminated with this bacteria 
(Sikorski, Haard, Motohiro, & Panikorski, 1998).

Low salt content and short salting time are rarely sufficient for parasite elimination 
from smoked products. In processing hot smoked fish, controlling the temperature is 
usually a sufficient method of parasite elimination, although the product must reach 
the appropriate temperature during a time period that is long enough. Cold smoked 
products have to be frozen at −20°C for not less than 24 h before or after processing to 
eliminate live parasites (EC, 2004).

Possible chemical hazards associated with smoked fish processing include contamina-
tion with PAHs and nitrosamine formation in the smoked product. Smoke is the main 
source of PAHs in smoked products because it may contain a wide variety of PAHs 
and their alkylated derivatives. Many of those chemical compounds, such as benzo(a)
pyrene, are known to be highly carcinogenic and mutagenic (Scientific Committee on 
Food, 2002). PAH formation and content in wood smoke are mainly affected by the 
temperature of the smoke generated. Stołyhwo and Sikorski (2005) suggest that the PAH 
content can be significantly reduced by lowering the temperature of the smoldering pile 
of wood shavings or sawdust to 300–400°C and by using filters. Liquid smoke prepara-
tions are commercially produced by filtering and separating resinous substances (with 
the highest PAH content) and contain only trace amounts of PAHs. It is obvious that 
modern smoking equipment minimizes PAH contamination if used properly, whereas 
traditional kilns offer little possibility of control over smoke generation parameters. The 
PAH content in the meat of hot smoked fish rarely exceeds limits set by different nation-
al regulations, although some heavily smoked products produced in traditional kilns may 
contain high levels of PAHs, especially their outer parts (Stołyhwo & Sikorski, 2005). 
In a study of traditional heavy smoked products in Ghana, Palm et al. (2011) reported 
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benzo(a)pyrene levels up to 83.9 mg/kg which is much higher than the maximum limit 
of 5 mg/kg fixed by European Union (EU) regulations (European Commission, 2005). 
A similar situation was reported in Nigeria, where detected benzo(a)pyrene levels ap-
proached 34.8 mg/kg (Ogbadu & Ogbadu, 1989).

N-nitrosamines are a group of potent carcinogenic substances that can be formed 
in smoked fish products under suitable conditions as a consequence of chemical re-
actions between precursors, mainly secondary amines, and nitrogen oxides generated 
from added nitrites or present in a wood smoke. Because many fish species, especially 
marine fish, may contain high levels of secondary amines, the use of nitrites may 
pose a risk for nitrosamine formation. Yurchenko and Mölder (2006) conducted a 
survey of volatile nitrosamine content in fishery products on the Estonian market 
and reported the presence of nitrosamines in different fishery products, including 
cold and hot smoked fish products. A higher average nitrosamine content has been 
reported in hot smoked (3.3–4.9 mg/kg) compared to cold smoked (1.7–2.2 mg/kg) 
fish products. However, their study did not provide data on methods of processing 
and use of nitrites in the products analyzed. Due to concerns regarding nitrosamine 
formation, the use of nitrites in smoked fish processing is not allowed in the EU, and 
in the United States its use is restricted to sablefish, salmon, shad, chub, and tuna to 
control possible C. botulinum growth (Janchke, 2008).

5.7 SALTED FISH

Salting of fish is also a widespread method of preservation that goes back to ancient 
times. It is common in many parts of the world, from the Mediterranean through the 
Atlantic coast of Europe, Russia, Africa, and Asia. It gained importance with the devel-
opment of marine fishing as a result of an increase in the fish catch and the need to 
preserve large quantities of fish at sea and on shore. Traditionally, small fish species such 
as anchovies and sardines were salted in the Mediterranean area, whereas Atlantic regions 
of Europe and Russia based their production on salted herring.

Different methods of fish salting have been developed, which can generally be 
grouped as dry salting or brining. Some methods are often combined with other tra-
ditional processing methods such as drying, smoking, marinating, and fermenting. The 
preserving effect of salting is accomplished through penetration of salt into the tissue 
and diffusion of water from the tissue to the surrounding salt or brine, resulting in a 
product with lower aw and usually a high concentration of salt. Preparation of fish for 
salting usually includes dressing (removing the head, gills, intestines and, in some cases, 
thoracic fins) and, in some cases, fish may be salted without dressing (Norwegian salted 
herring). Salting is usually done in barrels or vats of different sizes by arranging alter-
nate layers of fish and salt or pouring brine into a barrel to cover the fish. Salt treat-
ment can be done in one step, sealing the barrels without opening after salting, or with 
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subsequent opening of the barrels, removing the excess brine and filling the barrel to 
the top with a new layer of fish from the same day of salting. Several methods of salting 
of herring, which differ in certain details and processing steps, were reviewed in detail 
by Voskresensky (1965).

The process of salting anchovies in the Mediterranean region (Croatia, parts of Italy) 
starts by landing the fish and dressing it, which includes removal of the head and viscera 
by hand and washing with water. Dressed fish are washed, a layer of salt is put on the 
bottom of the barrel and the layers of fish, arranged parallel to each other, are placed 
on top of the salt and covered with the next layer of salt; the barrel is filled to the top 
in that manner. The top layer of fish is covered with salt and pressed down with a cover 
and weights. Water and fat pressed out from the fish form a top liquid layer of brine and 
fat, which covers the fish completely. Fish is left to cure for 6–7 months at temperature 
from 10°C to 15°C, and fresh brine is added occasionally to maintain the level of the top 
liquid layer and keep the fish completely immersed. After the curing process has ended, 
barrels can be sealed and shipped as whole salted anchovies or the fish can be filleted 
and packed in smaller containers filled with oil. Filleting is a costly process, completely 
done by hand. Cured fish are quickly washed in water or brine, the tail is trimmed, the 
skin and excess water or brine are removed by hand or in a small centrifuge, and the fish 
are filleted along the middle of the back and the bones removed. Fillets can be packed 
in cans arranged in layers or rolled around a cured olive or caper, filled with oil, and 
shipped to the market.

Most dry salted products have low aw (<0.77) and WPS content above 10%, which is 
effective for the prevention of most pathogenic and histamine-forming bacteria activity 
during curing and storage. Possible hazards may arise when fish are desalted (washed) 
and packed in oil or during salting of large pieces of fish, in which case the salt uptake 
is significantly slower and the desired concentration of salt in the center of fish is not 
reached as fast as required. Dry salting is also an effective method of parasite elimination 
and inactivation; thus, dry salted fish products are regarded as low-risk products for the 
hazards described earlier.

Because methods for salting fish in brine differ regarding the brine concentration 
used and other details, the situation regarding potential hazards is not as straightforward 
as with dry salted products. If salting is conducted at room temperature using brine with 
a salt content of 25% or lower, the risk of histamine- forming bacteria activity may arise 
(Köse, 2010). For this type of product, brining and storage should be carried out using a 
cold storage temperature regimen. Although those processing conditions prevent hista-
mine formation only for a limited time, products are usually safe during the usual shelf 
life period. If fish is brined using less than 10% salt, biogenic amines could present a risk, 
and histamine testing should be conducted to determine safe maturing period and shelf 
life. As noted earlier, in the section on smoked fish products, brined products are usually 
safe regarding pathogenic bacteria, other than S. aureus, if the WPS content is above 10%. 
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S. aureus is capable of growth at temperatures higher than 7°C if the WPS content is 
under 20%, although toxin production is inhibited at 10% WPS or higher. Therefore, it 
is recommended to use cold storage conditions during processing and storage to prevent 
pathogenic and histamine-forming bacteria activity. Regarding products with a WPS 
content under 10%, pathogens that may present a risk during cold storage conditions 
are C. botulinum and L. monocytogenes. Similar measures, proposed and described in the 
section on cold smoked fish products, should be undertaken to control activity of those 
pathogens and prevent possible health hazards in this group of brine-salted products. Re-
garding parasite inactivation by means of WPS content (if the product is not frozen), it 
must be noted that lowering the WPS content of product requires a longer time period 
for parasite inactivation. A period of 10–12 weeks is needed to inactivate certain species 
of nematodes at 6–7% WPS, and at a lower WPS it can take up to 17 weeks (Köse, 2010). 
For that reason, cold storage conditions are recommended to prolong shelf life as much 
as possible and enable storage long enough to inactivate parasites before releasing the 
product on the market.

5.8 THERMALLY PROCESSED (COOKED) PRODUCTS

Thermally processed traditional dishes consumed immediately after manufacturing are 
considered safe. However, although they may be considered safe from biologic hazards, 
they may pose a food safety risk from chemical processing hazards. Apart from PAHs, 
HCAs may also be of concern in certain types of thermally processed traditional fish 
dishes. Their contents in fish (and meat) cooked using typical Brazilian cooking methods 
were studied by Iwasaki et al. (2010). Churrasco is one of the typical methods character-
ized by using indirect heat or low-level, direct radiant heat from charcoals or embers, 
at lower temperatures and over longer cooking times. Although it was not expected, 
because processing temperatures are not as high as in other methods, HCA levels were 
high in churrasco fish and meat. These types of of studies allow the estimation of hazard 
exposure during processing and should therefore be undertaken to detect the chemical 
hazards that are likely to occur in certain types of traditional products.

5.9 CONCLUSIONS

Traditional and ethnic seafood products can be generally considered safe from biologic 
hazards; however, when a traditional process of manufacturing is altered due to health 
trends or convenience, food safety risks increase, and an HACCP-based approach should 
be applied. Prerequisite programs are of major importance, particularly in control of fish 
at the receiving stage. Chemical hazards from traditionally processed products and dishes 
are important when domestic consumption of a particular product is high so exposure 
studies should be undertaken in these cases.
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Food safety principles should be implemented along the entire supply chain and in all 
seafood processing facilities, including SMEs, restaurants, take-aways, and  street-vendors. 
However, they are often not implemented properly in the food service sector. Food 
safety regulations are different around the world, but because seafood is one of the 
most internationally traded food items, harmonization of regulations regarding hygienic 
 requirements is needed.
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