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Smoking is an ancient method of food preservation, which is also known as smoke 

curing, produces products with very high salt content (>10%) and low water activity (~0.85). 

Smoking is a process of treating fish by exposing it to smoke from smouldering wood or 

plant materials to introduce flavour, taste, and preservative ingredients into the fish. This 

process is usually characterised by an integrated combination of salting, drying, heating and 

smoking steps in a smoking chamber. The drying effects during smoking, together with the 

antioxidant and bacteriostatic effects of the smoke, allow smoked products to have extended 

shelf-life. Smoked seafood includes different varieties like, smoked finfish and smoked 

bivalves. Many of the smoked products are in the form of ready-to-eat. 

Developments of modern food preservation technology, such as pasteurization, 

cooling/refrigeration, deep-freezing, and vacuum packaging, have eclipsed the preserving 

functions of many traditional methods including smoking. Nowadays, the main purpose of 

smoking has been shifted for sensory quality rather than for its preservative effect. 

Depending upon how the smoke is delivered into the food and smoking temperature, four 

basic types of smoking can be defined: hot smoking, cold smoking, liquid smoking, and 

electrostatic smoking. Hot smoking is the traditional smoking method using both heat and 

smoke, which usually occurs at temperatures above 70 °C. For smoked fish and fisheries 

products, a minimum thermal process of 30 min at or above 145 °F (62.8 °C) is required by 

FDA (2001). Therefore, after hot smoking, products are fully cooked and ready for 

consumption.  

Hot smoking 

Torry smoking kiln was introduced in the early 1960s by United Kingdom’s Torry 

Research Station. The Torry smoking kiln is considered as a model for the modern 

smokers/smokehouses by enabling the precise controls of the heating temperature, air 

ventilation, and smoke density. Some recently designed smokehouse may also be equipped 

with more precise time and temperature controls, humidity control, and product internal 

temperature monitor probes. Thus, the products produced by the modern smokehouses are 

much more uniform than those produced with traditional smokers. Hot smoking is typically 
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not a single process. Several other steps such as brining, drying and smoking are also 

involved to produce a product of good quality.  

 

Fig. Illustration of the hot smoke airflow in the Torry smoking kiln 

Cold smoking 

Fish can also be subjected to cold smoking. Temperatures of cold smoking typically 

do not exceed 30 °C. Thus, cold smoked products are not cooked and typically heavily salted. 

Compared to the traditional hot smoking, cold smoking runs longer, has a higher yield and 

retains the original textural properties much better than the hot-smoked ones. Cold smoking 

of varied fish species has been reported, including rainbow trout.  

Liquid smoking 

Liquid smoke is smoke condensate that is dissolved in a solvent, such as water or oil 

(Maga, 1988). Liquid smoke can be used directly on products by dipping or spraying. It is 

rapid and much easier to achieve a uniform smoke flavour than traditional cold and hot 

smoking processes, although the flavour and colour from the traditional smoking cannot be 

exactly duplicated (Varlet et al., 2007). Some potential harmful ingredients (e.g. polycyclic 

aromatic hydrocarbons, PAHs) in the nature smoke can be separated out and excluded from 

the liquid smoke (Chen & Lin, 1997). Other advantages of liquid smoke include easy 

modification, application to food items that traditionally are not smoked, lower operation 

cost, and less environmental pollution (Abu-Ali & Barringer, 2007). However, the 

application of liquid smoking may be expensive compared to other methods. Liquid smoking 

of fish species had been reported on swordfish, salmon and rainbow trout. 
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Electrostatic smoking 

Electrostatic smoking is another rapid way to smoke. In the electrostatic smoking, fish 

are sent into a tunnel where an electrostatic field is created. Smoke particles are given a 

positive charge and deposit onto the surface of the fish which are negative charged. Although 

this procedure will change the composition of the smoke, the efficiency of smoking is still 

higher than that of the traditional smoking. It can also be operated continuously. The smoke 

compound ratio in the vapour phase may be modified by the electrostatic field, which results 

in increased level of carbonyl compounds (Ruiter, 1979). Factors that may influence the 

electrostatic smoking operation include the skin thickness, presence of scales, and 

subcutaneous fat amount (Maga, 1988). This operation may present safety problems to 

employees. Applications of electrostatic smoking have been reported mainly in salmon and 

herring. 

 

Fig. Schematic diagram of Electrostatic smoking with basic components. 
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Hot smoking of fish 

Good smoked products can only be obtained from good raw material (Dore, 1993). In 

addition, control of the smoking procedures plays an equal importance in the production of 

good products. From raw material preparation to final product storage, smoking includes 

several operations, such as brining, drying, smoking, packaging and storage. 

Brining 

This is the stage when the flavours and spices are introduced into the fish. Cleaned 

fish are submerged under a prepared brine solution for a certain amount of time. A brine time 

less than 12 hours at 3.3 °C (38 °F) is recommended to minimize the possible spoilage in the 

fish (Lee, 1977). Salt is an important ingredient to be delivered into the fish tissue at this 

stage as well as a key hazard analysis and critical control point (HACCP) preventive measure 

for smoked fish. Not only does it bring the taste but also reduces the water activity (aw) in the 

product, so that bacterial growth can be inhibited in the smoked fish. 

Of all the bacteria that can exist in fish products, Clostridium botulinum is a major 

concern for vacuum or reduced packaged fish products. C. botulinum is a strictly anaerobic, 

gram positive bacillus bacterium. The vegetative cells and their neurotoxins can be easily 

destroyed by heat (less than five minutes) at 85 °C. However, their spores are very resistant 

to heat and can survive for up to 2 hours at 100 °C (Caya, 2001). Thus, prevention of 

botulism from hot smoked fish products depends on the destruction of all C. botulinum spores 

or inhibition germination of the spores that may be present in the products. 

Water phase salt (WPS) is used to measure the amount of salt in the fish products. 

The WPS is calculated as (FDA, 2001): 

 

The higher the WPS value, the less the availability of the water. When sodium chloride is the 

only major humectant in the cured food, the relationship between the aw and WPS can be 

express as (Ross & Dalgaard, 2004): 
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Current regulations require at least 3.5% WPS in the loin muscle of the vacuum packaged 

smoke products; at least 3.0% WPS if at least an additional 100 ppm nitrite exists in the 

vacuum packaged product; air packaged smoked fish products must contain at least 2.5% 

WPS (FDA, 2001). 

Several salting methods are available to deliver the salt into the fish. The most common 

techniques used by the industry are dry and brine salting. Dry salting is widely used in low fat 

fish. Basically, fish are put into layers with dry salt separating each layer. Water removed by 

salt is allowed to drain away. Periodical reshuffling of the layers may be necessary to make 

sure all the fish get uniform salting and pressure. Muscle fiber shrinks more during dry 

salting than brine salting (Sigurgisladottir et al., 2000b). Thus, dry salting of fish typically 

results in over-dried fish and low yield. A better quality and higher yield is usually obtained 

from brine salting. 

Fish are brine salted by completely being covered in a prepared brine solution for a certain 

time period. The brine solution can have a salt concentration from relatively low to saturated 

levels. Brine salting is also used widely for most fatty fish since oxygen cannot oxidize the 

fish fat easily. Some modern processors inject the brine to speed up the process, therefore 

lowering the cost and minimizing the chance of fish deterioration. Salt is distributed evenly in 

the fish when injection brine is used. A higher brine yield can be obtained through injection 

brine as compared to brine or dry salting.  Flavour ingredients can also be incorporated into 

the injection solution. However, the injecting brine operation has to be carefully controlled to 

avoid contamination delivered by the needles into the previously sterile flesh. Brine salting is 

still one of the most widely used salting methods for smoked fish. Efficiency of salt 

penetration into the fish tissue is affected by several factors, such as species, physiological 

state of fish (rigor), fish quality (fresh/frozen) fish dimension (thickness), brine concentration, 

brine time, brine to fish ratio, brine temperature, fat content, texture, etc. 

After brining, fish have to be rinsed with clean water to remove the brine solution on its 

surface because a harsh, salty flavour can develop due to residues of brine solution. 
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Drying 

It is widely known that reducing the water activity (aw) will result in a reduction of 

microbial activity. The aw is defined as: 

                                              aw = p / p0 

where p is the vapour pressure of the product, and p0 is the vapour pressure of pure water at 

the same temperature (Olley, Doe, & Heruwati, 1989).  

For ideal solutions (real solutions at low concentrations), water activity can be 

calculated from the formula: 

                                                        aw = n1 / (n1+n2) 

where n1 is the number of moles of solvent, and n2 is the number of moles of the solute. 

This relationship may become complex due to the interactions between moisture and the fish 

tissue and also the relatively high solute concentration involved in cured fish. Drying of the 

fish can still be simulated with the formula in a way that drying the fish will cause a decrease 

in n1 and an increase in n2, which finally decreases the aw. 

A certain amount of moisture has to be lost from fish after brining; so that water activity (aw) 

can be decreased and a good texture can be obtained at the end of the smoking proces. Drying 

of fish occurs at the early stage of smoking process. An air flow is applied on the fish; so that 

moisture in the fish tissue can migrate to the surface and leave the fish by evaporation. The 

temperature, relative humidity and velocity of the air flow are keys to the rate of drying. 

Drying with a low relative humidity air at high velocity may not drive the moisture out of the 

fish fast. If the temperature is too high fish surface may be hardened at the beginning of 

drying resulting in a blocking layer to the inside moisture migration. The hardened surface 

may also prevent smoke penetrating into the tissue, which decreases the preservative effects 

of the smoke. Tissues under the hardened surface will tend to spoil from inside. 

Drying at temperatures below 70 to 80 °C was recommended to minimize the damage to 

protein quality in fish (Opstvedt, 1989). Drying also influences the quality of finished 

smoked fish product.  
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Smoking 

Smoke is generated from the incomplete combustion of wood at certain temperatures 

followed by thermal disintegration or pyrolysis of high molecular organic compounds into 

volatile lower molecular mass (Eyo, 2001). Smoke is composed of two phases: a particulate 

or dispersed phase and a gaseous or dispersing phase. The major parts of dispersed phase are 

particles in the droplet form having an average diameter of 0.196 to 0.346 µm (Maga, 1988; 

Wheaton & Lawson, 1985). These particles are mainly tars, wood resins, and compounds 

with high or low boiling points. The dispersed phase is the visible part of the smoke. The 

dispersing phase is responsible for flavouring, colouring, antioxidative, and bacteriostatic 

roles of the smoke (Hall, 1997). The composition of the dispersing smoke phase is 

complicated, many of which have yet been identified. More than 200 components have been 

identified. The most abundant chemicals found in smoke are carbonyls, organic acids, 

phenols, alcohols, and hydrocarbons. 

Quality and composition of the smoke are affected by several factors, such as combustion 

temperature, wood type, moisture content of wood, air ventilation rate, and wood size. 

Cellulose, hemicellulose and lignin are three main components in wood and their contents 

and compositions vary in different types of wood. Cellulose levels are fairly consistent 

among different species. Softwoods have higher lignin content than hardwoods. Hardwoods 

typically contain more hemicellulose than softwoods. Decomposition of hemicellulose 

happens at the early stage of smoking and produces furan and its derivatives as well as 

aliphatic carboxylic acids, which drops the pH in the smoked product. Softwoods also contain 

more resin acids than hardwoods, which typically introduces unpleasant flavor to the fish. 

Hardwoods, such as hickory, oak, cherry, apple and beech, are preferred in most situations 

over the softwoods for smoke generation. This is because hardwoods tend to produce more 

phenols and organic acids which contribute to the flavor and preservation effect of smoking 

(Hall, 1997). 

The amount of air present during the production of smoke also influences the results of wood 

pyrolysis. Lower temperature and less air produce a smoke with more flavoring and 

preserving substances. While a higher temperature and more air burn the woods into carbon 

dioxide and water. Smoke production can be influenced by the size of wood. Wood can be 

used as chunks, chips or sawdust forms. However, their combustion rates will vary if same 

ventilation rate is used. Sawdust produces more smoke than chunks or chips due to its self-
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smoldering effect, which blocks the access of oxygen. Fish is also more likely to be charred 

with less smoke when chunks or chips are used. Most modern smokers use continuously fed 

sawdust to maintain a consistent production of smoke. 

Although people like the flavour and taste of the smoked product, there are concerns about 

the negative side of smoked products, which are mainly focused on the carcinogenic 

substances found in the smoke: the polynuclear aromatic hydrocarbons (PAHs). PAHs are 

composed of multiple fuzed benzene rings. It can be thermally produced by either high 

temperature pyrolysis or from the incomplete combustion of materials containing carbon and 

hydrogen. Up to 100 PAHs compounds have been either identified or detected (Maga, 1988). 

The level of PAHs can be reduced by decreasing the combustion temperature since the PAHs 

content was found to change linearly from 5 to 20 µg/100g in temperature range 400 to 1000 

°C (Eyo, 2001). Indirect smoking like liquid and electrostatic smoking also significantly 

reduces the PAHs amount. 

 

 

Fig. Smoking kiln 
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Potential hazards associated with smoking of fish 

I. Biological hazards 

Generally, Cold smoking will typically reduce the level of microorganism by 90 to 

99%. But after the cold smoking there is no such steps to eliminate or reduce the level of 

microorganisms. Typical temperature used for cold smoking is 22-28º C.  However, this 

temperature is not sufficient to eliminate the risk from Listeria monocytogens, a gram 

positive, facultative anaerobic, psychrotropic bacteria causing deadly septicaemia, meningitis, 

spontaneous abortion, and foetal death in adult human beings. Specific high risk categories 

like persons with altered immune system, pregnant ladies, old aged persons etc. will be more 

susceptible to listeriosis followed by accidental inclusion. Comparatively high temperature 

used in hot-smoking process and long-time of exposure to that temperature (60-70˚C for 2-3 

h) can inactivate the L. monocytogens effectively, provided the raw material is not extra-

ordinarily contaminated with the bacteria prior to processing. At the same time listericidal 

process should be validated to ensure that the treatments are effective and can be applied 

continuously.  But the hot smoked products are susceptible to post-process contaminations 

from many of the micro-organisms due to improper handling and storage of the products. 

Sufficient heat treatment, proper hygienic handling and cold chain maintenance during 

distribution can reduce the risk of biological hazards in smoked fish and fishery products.  

Another important biological hazard associated with storage of smoked fish is Clostridium 

botulinum. The toxin produced by C. botulinum can lead to botulism, serious illness and 

death to the consumer. Even a few micrograms of intoxication can lead to ill-health with 

symptoms like weakness, vertigo, double vision, difficulty in speaking, swallowing and 

breathing, abdominal swelling, constipation, paralysis and death. The symptoms will start 

within 18-36 h after consumption of the infected product. By achieving proper salt 

concentration in processed fish, proper refrigeration during storage and reduced oxygen 

packaging like Modified Atmosphere Packaging (MAP) and vacuum packaging of the 

products can prevent the occurrence of C. botulinum in smoked fish and fishery products, 

especially type E and non-proteolytic types B and F. Salt along with smoke effectively 

prevents the toxin formation from type E, B and F.  

In cold smoked fish and fishery products, which undergoes mild heat processing, the 

presence of spoilage organisms prevents the growth of C. botulinum and toxin production. 

Whereas in hot-smoked products, high temperature application causes damages to spores of 
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C. botulinum thus prevents the toxin formation. Same process also prevents the prevalence of 

spoilage organisms and thus extends the shelf life of the product. Thus, the time- temperature 

combination for smoking, along with salt concentration plays critical roles in safety and 

quality aspects of the smoked fish and fishery products. 

II. Chemical hazards  

1. Polycyclic Aromatic Hydrocarbons (PAHs) 

 PAHs are large class of organic compounds containing two or more fused aromatic 

rings made up of carbon and hydrogen atoms. Incomplete combustion (pyrolysis), during 

smoking can lead to formation and release of PAHs into the smoked product. Some of them 

are carcinogenic and mutagenic substances causing serious health issues to the consumers.  

Processing procedures such as smoking, drying, roasting, baking, frying and 

barbecuing/grilling can lead to formation of PAHs in food items. Many reports indicate that 

individual PAHs in smoked fish can go up to a level of 200µg/Kg. Among the 33 PAHs 

evaluated by the scientific committee on Food (SCF, 2002) of EU, 15 were found to be 

having mutagenicity/Geno toxicity in somatic cells of experimental animal in-vivo. They are 

benzo[a]anthracene, benzo[b]-, benzo[j]- and benzo[k]fluoranthene, benzo[ghi]perylene, 

benzo[a]pyrene, chrysene, cyclopenta[cd]pyrene, dibenz[a,h]anthracene, dibenzo[a,e]-, 

dibenzo[a,h]-, dibenzo[a,i]-, dibenzo[a,l]pyrene, indeno[1,2,3-cd]pyrene and 5-

methylchrysene. The carcinogenic and genotoxic potentials of PAH are largest among the 

high molecular weight PAH, i.e. compounds with 4 rings or more. Among that 

benzo[a]pyrene regarded as potentially genotoxic and carcinogenic to humans. They can 

cause long-term adverse health effects following dietary intake of PAH. 

The PAH contamination in smoked products can be significantly reduced by using indirect 

smoking process instead of direct smoking of the fish. In indirect smoking, the smoke 

generated in an external smoking kiln, under controlled conditions, is used for smoking 

process. The smoke produced can be even, washed before coming into contact with the food 

material processed. In addition to that, use of lean fish for smoking, and cooking at lower 

temperature for longer time can also reduce the PAH contamination significantly. If the 

smoke condensate is used for smoking, usage of smoke condensate from reputed reliable 

resources approved by competent authority can effectively reduce the occurrence of PAH 

contamination in the final product.  The formation of PAH in smoked fish can be minimised 

by following Code of Practice for the Reduction of Contamination of Food with Polycyclic 
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Hydrocarbons (PAH) from Smoking and Direct Drying Processes (CAC/RCP 68-2009) given 

by Codex Alimentarius Commission. EU No.835/2011 specifies that maximum level of 

benzopyrene, and PAH4 (benzo[a]pyrene + chrysene+ 

benz[a]anthracene+benzo[b]fluoranthene) should be 2µg/Kg wet weight and 12µg/Kg in 

meat of smoked fish and fishery products, 5µg/Kg and 30µg/Kg in smoked sprats and 

6µg/Kg and 35µg/Kg in smoked bivalve mollusc respectively. 

2. Histamine: 

Histamine poisoning is associated with Scombroid fishes and other dark meat fishes. 

The fishes showing potential treats of histamine poisoning are tunas, bonitos, mackerel, mahi 

mahi, carangids, herring etc. These fishes having high content of free histidine, which during 

spoilage are converted to histamine by bacteria like Morganella morgani, Klebsiella 

pnuemoniae and Hafnia alvei. Histamine is heat stable, even cooking or canning cannot 

destroy it. Presence of other biogenic amines like cadaverine and putrescine will act as 

potentiators for histamine production. As per Codex standards, the maximum allowable 

histamine content in smoked fishes is 200 mg/Kg for species like Scombridae, Clupeidae, 

Engraulidae, Coryphaenidae, Pomatomidae, and Scomberesocidae. Low temperature storage 

of fishes right from catch can effectively reduce the production of histamine in fishes. 

3. Biotoxins: 

Biotoxins causing a number of food borne diseases. The poisoning due to biotoxins 

are caused by consuming finfish/shell fish containing poisonous tissues with accumulated 

toxins from plankton they consumed. Paralytic shellfish poisoning (PSP), diarrheic shellfish 

poisoning (DSP), amnesic shellfish poisoning (ASP), and neurotoxic shellfish poisoning 

(NSP) are mostly associated with shellfish species such as oysters, clam and mussels. The 

control of biotoxin is very difficult. They cannot be destroyed by any of the processing 

methods like cooking, smoking, drying or salting. Environmental monitoring of plankton and 

proper depuration process of the bivalves only can reduce the occurrence significantly. 

III. Physical Hazards 

Presence of parasites like nematodes, cestodes, trematodes and any other extraneous 

matter can be considered as physical hazards. Particular attention needs to be paid to cold 

smoked or smoke-flavoured products, which should be frozen before or after smoking if a 

parasite hazard is present. 
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IV. Other potential hazards associated with smoking of fish  

  If wood or plant material is using for smoking of fish, there is a chance of presence of 

natural toxins, chemicals, paint, or impregnating material in plant or wood used which may 

result in imparting undesirable odour in processed products. This can be prevented by using 

sufficiently dried wood or plant material for smoke generation, judicious selection of the 

species of wood or plant and not using woods having mould or fungus growth for smoking 

process. Moreover, the material for smoking should be kept in a clean dry place during 

storage to prevent any kind of contamination, till the usage.  
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