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ABSTRACT 
 

Fish that have been caught are susceptible to decay and damage which are influenced by the level 
of acidity, weather, processing and storage methods, and temperature during transportation. This 
causes losses to the fishery business. One way that can be used to reduce the damage and 
spoilage of fish is through smoking. The purpose of this review article is to describe various 
methods of fish smoking, the chemical composition of smoked fish, and the number of microbes 
present in smoked fish. Smoked fish still contains nutrients such as protein, lipids, fiber, amino 
acids, minerals, and vitamins. The growth of microbes, especially those that are pathogenic, is 
inhibited and even some microbes cannot grow so that smoked fish is still good for human 
consumption. The microbes that cannot grow include Vibrio spp, yeast, mold, and Salmonella sp. 
Hot smoking method uses a temperature of 30-90oC, while cold smoking uses a temperature of 30-
40oC. The chemical composition contained in smoked fish such as water content, protein, ash 
content, crude fiber, amino acids, biogenic amines, minerals and phenols. While the 
microbiological content of smoked fish with hot and cold smoking methods has a TPC value 
according to smoked fish standards and is free from pathogenic microbes, fungi, yeast and molds 
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1. INTRODUCTION  
 
Fish is one of the perishable foodstuffs. The rate 
of fish spoilage depends on the handling during 
processing, acidity level, fish species, weather, 
storage mode, and temperature during 
transportation [1]. Fish is a perishable food. 
Approximately 27% of fish are caught fresh, the 
remaining 73% are processed by preservation 
methods such as salting, drying, freezing, 
canning, salting, and smoking [2]. Smoking can 
be defined as the process of penetrating volatile 
compounds in fish from wood burning which can 
produce products with specific tastes                          
and aromas and a long shelf life. The smoking 
process is a combination of salting and drying 
processes. The smoking process can be                  
done at any time and is not affected by the 
weather. Preservation processes such as 
conventional drying require sunlight and                  
depend on the weather, while the                         
smoking process does not depend on                  
climate because the drying process can run 
because of the heat from the wood burning 
smoke.  
 
The chemical breakdown of protein, fat, and 
water content contributes to the rapid spoilage of 
fish. Therefore, further processing is needed                   
to extend the shelf life. One of the preparations                  
that can be used is fish smoking. Fish           
smoking is one of the efforts made in the field of 
processing fishery products to extend the shelf 
life or product life (Swastawati 2007). Smoked 
fish has a shelf life of about 6-9 months if 
properly packaged and stored. Smoke drying                  
is the most common method for smoking 
products. Dried smoked fish has a long shelf                 
life and facilitates the distribution process                     
of smoked fish to points of sale and                  
consumers. 
 
Smoking will produce the desired aroma and 
taste and can inhibit microbial growth. One of the 
popular methods used for fumigation is to use 
liquid smoke. The use of liquid smoke has 
several advantages, such as easy to use, the 
use of concentrations can be controlled easily, 
the resulting product is uniform, and 
environmentally friendly. Some areas in 
Indonesia have several types of smoked fish 
namely skipjack fufu, skipjack asar, smoked eel, 
sogili fufu, catfish jam, smoked catfish, and 
smoked milkfish. Smoked fish uses a smoking 
process at a temperature of 80-100ºC for 3-4 
hours or at a temperature of 50-60ºC for 10-15 
hours [3]. 

2. FISH SMOKING METHODS 
 

The smoking method has the main working 
principle, namely the taste produced in fish is the 
result of burning wood. The wood and charcoal 
used to break down when burning and then 
smoke is formed which makes the fish smell 
unique and increases the taste of the fish and 
changes the color of the fish (Fecicilar and 
Genccelep 2013). The smoke produced by both 
wood and charcoal contains phenolic compounds, 
nitrites, and formaldehyde. Smoking using wood 
or charcoal aims to give a distinctive taste to 
smoked fish and aims to dry some of the fish in 
the form of fillets. Smoking fish is done to make 
smoked fish products and to extend the shelf life 
of the product under some conditions because it 
can reduce water content and inhibit bacterial 
growth [4]. 
 

The smoking is one way of preserving products 
using heat and smoke (Sahubawa and Ustadi, 
2014). Smoking is one of the techniques for 
preserving fishery products. This is because the 
heat of burning wood can inhibit the growth of 
microorganisms, smoke components as anti 
microbial, and some of the smoke can coat the 
outer skin of fish (Wibowo, 2002). There are 
several factors that affect smoking, namely 
smoking temperature, humidity, wood type, 
thickness and speed of smoke flow, fish species, 
and treatment before smoking (Sahubawa and 
Ustadi, 2014). Sources of smoke can be 
obtained from burning wood, coconut shells, coir, 
sawdust, or rice husks [5] [6]. The smoking 
temperature used will affect the effectiveness of 
the sticking of the smoke and the length of time 
the smoking process takes. High temperatures 
will cause the water in the fish to evaporate 
quickly (Sahubawa and Ustadi, 2014). High 
temperatures will cause the fish meat to cook 
quickly and have a strong fish-like taste [7]. 
 

Smoking fish can be done by two methods of 
smoking, namely hot and cold smoking. Hot 
smoking uses temperatures above 30ºC to 90ºC. 
Cold fumigation uses room temperature or 
temperatures between 30-40ºC [8]. Smoke 
drying temperature, and time affect on the 
nutritional, and physical quality of smoked fish [9]. 
Smoked fish can use an agent in the form of 
liquid smoke. Liquid smoke is obtained from the 
condensation of combustion vapors containing 
carbon such as organic acids, phenols and other 
compounds [10]. Compounds in smoking raw 
materials such as wood and coconut shells have 
an effect on the quality of smoked fish such as 
taste, color, and anti-microbial [11]. 
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Adawyah [12] stated that cold smoking is a 
smoking process using a not too high 
temperature, around (15-50)°C. The use of low 
temperatures is intended so that the fish meat 
does not cook quickly or the protein in the fish 
meat is not lost (coagulated). According to 
Swastawati [13], the cold smoking process takes 
a long time depending on the size of the fish, so 
cold smoking can result in smoked fish being 
stored longer. Drying that occurs in smoked fish 
meat causes the maximum moisture content of 
smoked fish to reach 60%. The cold smoking 
method according to Erkan et al. [14] can be 
carried out using high pressure of 220-300 MPa 
at a temperature of 3-25ºC for 10 minutes. 
 
Traditional hot smoking method. According to 
Iwegbue et al. [15], traditional smoking with 
wood-burning processes will produce high levels 
of polycyclic aromatic hydrocarbons (PAHs), 
especially Benzoa pyrene (BP). These 
compounds are hazardous compounds that are 
toxic, mutagenic, and carcinogenic. According to 
the traditional smoking method [16]. The smoking 
kiln was locally improvised. Three broken blocks 
each of 0.3m height were used to raise the wire 
gauze (on which the fish were laid) to avoid 
direct contact with fire. Big wire gauze of mesh 
size 2cm was set on the fire when the fire was 
fully lit. The three species of fish to be smoked 
were placed on the gauze. A Big aluminum basin 
with an opening at the center was used to cover 
the fish species to conserve the fire. It was 
through the opening that the temperature of the 
smoking kiln (chimney) was taken daily until the 
three fish species were hot smoked dried. Hot 
smoking was done for 36 hours (this was 
achieved in three days at an average of 12 hours 
smoking per day) at an average temperature of 
100ºC. Hot smoking was done with an exotic 
hardwood, such as Eucalyptus species, Turning 
of the fish species was done at the same time to 
maintain uniform drying\smoking at an interval of 
one hour (1½ hr) thirty minutes for 3days. 
According to Fecicilar and Genccelep (2013), hot 
smoking can be achieved in several phases. The 
smoking temperature varies between 40-100oC 
and the fish core temperature will rise to 85oC 
 
Fumigation with traditional methods has been 
replaced by the use of liquid smoke [17] [11]. The 
liquid smoke does not contain the same 
compounds as natural smoke. The liquid smoke 
is safe to use because it has gone through a 
filtering process to remove toxins, impurities and 
other carcinogenic compounds. According to 
Martinez and Machado [18] that the phenol 

content in smoke can increase the distinctive 
taste of smoke in the product. According to 
Berhimpon et al. [3], the smoking procedure 
using liquid smoke is as follows: the raw material 
(fish) is separated from the bones and entrails, 
then the fish is filleted and soaked in 5% salt 
solution for 30 minutes. After soaking in a salt 
solution, then dried for 5-10 minutes. The dried 
fish were then immersed in liquid smoke with 
various concentrations (0.4%, 0.6%, 0.8%) for 20 
minutes and dried at 70-80ºC for 4 hours. Liquid 
smoke application can be soaked, sprayed and 
smeared. According to Swastawati et al. [5], the 
use of liquid smoke on smoked skipjack tuna 
resulted in lower benzo(a)pyrene (BP) and PAH 
values than traditional smoking methods. The 
liquid smoke is an alternative smoking process 
that is easy to produce, use and control. Smoked 
fish with liquid smoke application has an edible 
portion of 100%. 
 

3. CHEMICAL COMPOSITION OF 
SMOKED FISH 

 
Smoking is one of the methods of preserving 
fishery products. Various studies on preservation 
by smoking have been carried out, such as the 
Coban and Patir [19] study on smoking 
Oncorhynchus mykiss with the addition of clove 
oil, and Ficicilar and Genccelep [20] on Rainbow 
Trout. The quality of smoked fish products is 
influenced by raw materials, smoking methods, 
smoking concentrations and raw materials for 
smoking sources [20]. Indicators in assessing the 
durability of smoked fish products can be seen 
from the values of TBA, TVB and pH as well as 
the value of biogenic amines consisting of 
histamine, putrescine, cadaverine, tyramine, and 
tryptamine compounds. 
 
The quality of smoked fish can be seen from the 
value of protein, vitamins and minerals it contains. 
According to Adeyeye et al. [21], the processing 
of raw materials will influence on the nutritional 
composition of the final product. Several 
nutrients in the food will be lost during the 
processing. Amino acids, vitamins, and minerals 
will usually be easily decomposed due to heat so 
that the quality of smoked fish can be determined 
also from the content of amino acids, vitamins, 
and minerals. 
 

4. MICROBIOLOGY OF SMOKED FISH 
 

Traditionally processed fishery products are very 
susceptible to microbiological damage. 
Microbiological damage can be caused by 
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pathogenic bacteria or fungi. Damage to a 
product depends on the initial bacterial count, 
sanitation and hygiene during processing, and 
preservation methods and storage methods. 
Improper processing methods will cause the 
growth of Salmonella bacteria in the product [26]. 
According to Rukmayeni et al. [27], the smoking 
method using liquid smoke at a temperature of 
30-60ºC can extend the shelf life of smoked fish 

products. This can be determined by the number 
of bacterial colonies during storage. Some 
pathogenic bacteria in smoked fish will not grow 
because of the heat from the smoking                   
process. The high temperature used can damage 
these pathogenic bacteria as well as the 
presence of chemical compounds from                       
the smoke that are useful as antimicrobials            
[28]. 

 
Table 1. Chemical composition of smoked fish 

 

Parameter Hot Smoked Cold Smoked References 

Water content 71,01 - 73,52 % 34,56 - 52,50 % Syam and Patang [22]; 
Fashagba et al. (2020) 

Protein 16,11 - 52,13 % 10,16 - 21,54 % Syam and Patang [22]; 
Oyeleye [16] 
Fashagba et al. (2020) 

Lipid 0,90 - 7,60 % 30, 14 - 46,46 % Syam and Patang [22] 
Oyeleye [16] 
Fashagba et al. (2020) 

Ash 0,32 - 0,64 % 1,00 - 2,70 % Syam and Patang [22] 
Oyeleye [16]  
Fashagba et al. (2020) 

pH  6,54 - 6,57 5,00 - 5,01 Ficicilar and Genccelep 
[20] 

Histamin 11 - 18,26 mg/kg 100 - 220 mg/kg Ficicilar and Genccelep 
[20] Jorgensen et al.[23] 

Putresin 3,26 - 8,90 mg/kg 4 - 15 mg/kg Ficicilar and Genccelep 
[20]Jorgensen et al. [23] 

Kadaverin 4,19 - 7,95 µg/g 10 - 200 µg/g Ficicilar and Genccelep 
[20] Jorgensen et al.[23] 

Tiramin 5,31 - 6,65 mg/kg 90 - 130 mg/kg Ficicilar and Genccelep 
[20] Jorgensen et al. [23 

Triptamin 14,47 - 32,17 mg/kg < 5 mg/kg Ficicilar and Genccelep 
[20] 

Lysine 7,36 - 7,72 g/100 g  1,70 - 2,10 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Histidine 2,46 - 2,92 g/100 g  0,50 - 0,65 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Arginine 6,27 - 6,71 g/100 g  1,11 - 1,41 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Threonine 4,58 - 4,91 g/100 g  0,94 - 1,13 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Valine 4,52 - 4,98 g/100 g  1,04 - 1,35 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Methionine 2,49 - 2,83 g/100 g  0,61 - 0,74 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Isoleucine 3,49 - 3,95 g/100 g  1,01 - 1,13 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Leucine 7,32 - 7,80 g/100 g  1,68 - 1,80 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Phenylalanine 4,05 - 4,81 g/100 g  1,65 - 1,85 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Aspartic acid 9,59 - 9,90 g/100 g  1,87 - 2,38 g/100 g  Adeyeye et al. [21] 
Usydus et al. [24] 

Serine 4,39 - 4,86 g/100 g  0,83 - 1,03 g/100 g  Adeyeye et al. [21] 
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Parameter Hot Smoked Cold Smoked References 

Usydus et al. [24] 
Glutamic acid 14,19 - 14,93 g/100 g  2,47 - 2,94 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Proline 4,16 - 4,68 g/100 g  0,75 - 0,84 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Glycine 7,01 - 7,61 g/100 g  0,93 - 1,19 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Alanine 6,18 - 6,71 g/100 g  1,05 - 1,38 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Cystine 0,89 - 0,98 g/100 g  0,61 - 0,74 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Tyrosine 3,17 - 3,67 g/100 g  1,65 - 1,85 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Tryptophan 4,63 - 4,83 g/100 g  0,25 - 0,31 g/100 g  Adeyeye et al. [21] 

Usydus et al. [24] 
Ca 367 - 3412 mg/kg 84,7 - 552 mg/kg Polak-Juszczak [25] 
Fe 10,5 - 13,8 mg/kg 2,7 - 8,5 mg/kg Polak-Juszczak [25] 
Na++ 0,44 - 0,88 mg/kg 2,1 - 3,18 mg/kg Polak-Juszczak [25] 
Mg 381 - 441 mg/kg 324 - 327 mg/kg Polak-Juszczak [25] 
P 2224 - 3970 mg/kg 1768 - 2265 mg/kg Polak-Juszczak [25] 
K 2162 - 2494 mg/kg 1998 - 2082 mg/kg Polak-Juszczak [25] 
Cu 0,5 - 0,7 mg/kg 0,4 - 0,5 mg/kg Polak-Juszczak [25] 
Mn 0,05 - 0,8 mg/kg 0,04 - 0,05 mg/kg Polak-Juszczak [25] 
Se 0,08 - 0,1 mg/kg < 0,07 mg/kg Polak-Juszczak [25] 
PAH < 0,25 ppb < 0,25 ppb Berhimpon et al. [3] 
Phenol 0,4 - 12,6 % 0,01-0,02 % Berhimpon et al. [3]; 

Usydus et al. [24] 

 
Table 2. The number of microbes in smoked fish 

 

Parameter Hot Smoked Cold Smoked References 

TPC 4,5x101 - 1,1x103 

Colonies/g 
7,3 - 7,9 Log cfu/g Mailoa et al. [26] 

Rukmayeni et al. 
(2020) 

Salmonella 0 0 Mailoa et al. [26] 
Emborg et al. [29] 

Lactid acid bacteria 2,5 - 4,26 Log cfu/g 2,5 - 4,6 Log cfu/g Adeyeye et al. [21] 
Emborg et al. [29] 

Enterobacteriaceae 0,3 - 5,27 Log cfu/g < 6,8 Log cfu/g Adeyeye et al. [21] 
Emborg et al. [29] 

Gram-negative 
psychotropic bacteria 

< 1 Log cfu/g < 1 Log cfu/g Adeyeye et al. [21] 
Jorgensen et al. [23] 

Vibrio spp 0 0 Dutta et al. [30] 
Joffraud et al. [31] 

Yeast 0 0 Dutta et al. [30 
Jorgensen et al.[31]  

Mold 0 0 Dutta et al. [30] 
Jorgensen et al. [31] 

 
Lactid Acid Bacterial (LAB) was reported as part 
of natural micro flora of fish fillets. Based on [20], 
reported there were no significant differences 
were observed in LAB values of cooked and 
smoked samples. From the presence of LAB in 
the finished products, it can be concluded that 
these species were capable of surviving cooking 

and smoking. LAB seem to form the main micro 
flora of the vacuumpacked smoked fish at the 
end of the storage period generally, since they 
are well adapted to the conditions prevalent in 
these products: low pH, vacuum packaging, 
higher salt content, refrigerated storage. 
Enterobacteriaceae were also found to be part of 
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the spoilage micro flora of vacuum packaged 
smoked fish. In hot smoked rainbow fillets, the 
initial Enterobacteriaceae count was low as 0.3 
log cfu/g and reached to 5.27 log cfu/g at the end 
of storage time. The initial total number of 
Enterobacteriaceae on the hot smoked rainbow 
trout and cooked rainbow trout was lower than 1 
log cfu/g. Smoking reduced the 
Enterobacteriaceae count throughout the storage 
duration [20]. 
 

5. CONCLUSION 
 
In conclusion, smoking fish can be used to 
prevent spoilage and fish damage. Smoking is a 
preservation method that uses smoke and heat 
materials. There are two methods of smoking, 
namely hot smoking and cold smoking. There are 
two types of smoke that can be used in 
fumigation, namely smoke and liquid. Hot 
smoking method uses a temperature of 30-90oC, 
while cold smoking uses a temperature of 30-
40oC. The chemical composition contained in 
smoked fish is water content, protein, ash 
content, crude fiber, amino acids, biogenic 
amines, minerals and phenols. While the 
microbiological content of smoked fish with hot 
and cold smoking methods has a TPC value 
according to smoked fish standards and is free 
from pathogenic microbes, fungi, yeast and 
molds. 
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