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Abstract: The term “biogenic amines” defines decarboxylation products such as histamine, putrescine, serotonin, tyramine, 
phenylethylamine, tryptamine and also aliphatic polyamines. They can be detected in both raw and processed foods. In the recent years, 
there is a great interest in biogenic amines as they are associated with quality, safety and freshness of some foods, particularly 
fermented foods. The presence of biogenic amines in foods can also be used as an indicator of hygienic quality. Biogenic amines also 
cause health hazards due to their toxic effects especially in sensitive individuals. It is therefore important to control and reduce the 
biogenic amines. The reduction can be brought about by the use of high pressure, irradiation, packaging, additives, starter cultures and 
by reduction of decarboxylase activity and temperature. This review summarizes the significance, function, occurrence and formation 
of biogenic amines in different foods and their reduction by different methods. 
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1. Introduction 

Biogenic amines are low molecular weight, organic 

bases and biologically active, nitrogenous compounds. 

Biogenic amines are synthesized during the cellular 

metabolic activities in microorganisms, plants and 

animals. They are also produced in foods, mainly by 

decarboxylation of amino acids [1]. Amines are 

classified into three categories according to their 

chemical structure: aromatic amines (histamine, 

tyramine, serotonin, β-phenylalanine and tryptamine), 

aliphatic diamines (putrescine and cadaverine), and 

aliphatic polyamines (agmatine, spermidine and 

spermine). They are present almost in every food in 

daily diet but their amounts are high in many processed 

foods such as: cheese, sauerkraut, sausage, beer, wine, 

fish, soy sauces, meat and chocolate etc. [2]. In this 

review, significance of biogenic amines, their 

formation, occurrence in food and their reduction 

methods are discussed. 
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2. Significance and Formation of Biogenic 
Amines 

Histamine, putrescine, cadaverine, tyramine, 

tryptamine, -phenyl ethylamine, spermine and 

spermidine are the most important and common 

biogenic amines found in foodstuffs [3]. Importance of 

biogenic amines in foods is mainly due to two reasons: 

firstly, the intake of foods containing high content of 

biogenic amines causes health hazard through the 

direct, toxic effect of these compounds and their 

interaction with some medicaments [4]; secondly, they 

may have a role as indicators of quality and/or 

acceptability in some foods [5]. 

2.1 Formation of Biogenic Amines 

Biogenic amines are usually produced by 

decarboxylation of free amino acids or by amination and 

transamination of aldehydes and ketones. Amino acid 

decarboxylation occurs by removal of the α-carboxyl 

group from a precursor amino acid and leads to 

production of biogenic amines (Fig. 1). Biogenic amines 

are formed by enzymes in raw material or by microbial 
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Fig. 1  Formation of histamine (a), putrescine (b) and tyramine (c). 
 

decarboxylation of amino acids during aging and 

storage in food [6, 7]. Free biogenic amines give a 

typical taste for mature foods and are precursors of 

certain aromatic compounds. Also, production of 

amines has been associated with the protective 

mechanisms of microorganisms against an acidic 

environment. For example, lactic acid bacteria produce 

biogenic amines to survive during fermentation of 

foods such as in cheese, sausage and fermented 

vegetables [8]. 

The names of many biogenic amines correspond to 

the names of their originating amino acids. For 

example, histidine is decarboxylated to produce 

histamine, tryptophan to tryptamine, tyrosine is 

decarboxylated to produce tyramine [9]. In plants and 

some microorganisms, alternative pathway exists to 

produce putrescine from arginine via agmatine. Lysine 

is decarboxylated by lysine decarboxylase to produce 

cadaverine although it can also be formed by ornithine 

decarboxylase if the content of ornithine is low but that 

of lysine is high [10]. 

Biogenic amines can be found as a consequence of 

microbial activity in foods such as wine, fermented 

meat, fish products, cheeses and fermented vegetables. 

It is known that amino acid decarboxylases are 

enzymes produced in many microorganisms found in 
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microbiota of food products or contaminated before, 

during, or after food processing. The decarboxylase 

producing species are the genera of the Bacillus, 

Clostridium, Pseudomonas and Photobacterium. On 

the other hand, they are also present in genera of the 

family Enterobacteriaceae such as Citrobacter, 

Klebsiella, Escherichia, Proteus, Salmonella and 

Shigella and Micrococcaceae such as Staphylococcus, 

Micrococcus and Kocuria. Furthermore, many lactic 

acid bacteria belonging to the genera Lactobacillus, 

Enterococcus, Carnobacterium, Pediococcus, 

Lactococcus and Leuconostoc are able to 

decarboxylate one or more amino acids [10, 11]. 

Biogenic amine formation by the microbial 

decarboxylation of amino acids is dependent on many 

factors such as: the specific bacterial strains present, 

the level of decarboxylase activity and the availability 

of the amino acid substrate [12]. 

2.2 Role of Biogenic Amines 

Biogenic amines play important role in human body 

such as: regulation of body and stomach pH, gastric acid 

secretion, the immune response and cell growth and 

differentiation. At the same time, amines are important 

for the growth, renovation and metabolism of every 

organ in body and essential for maintaining the high 

metabolic activity of the normal functioning and 

immunological system of gut. Further, when polyamines 

are taken up preferentially by tissues with high demands, 

they could be useful for post-operation patients or during 

wound healing and for growth and development of the 

neonata’s digestive system [13, 14]. 

Despite these roles, the consumption of foods with 

high content of biogenic amines can cause adverse 

reactions such as nausea, headaches, cardiac 

palpitation, hot flushes, oral burning, gastric intestinal 

problems, renal intoxication, rashes and changes in 

blood pressure [15]. In the human body, there is a 

detoxification system that degrades biogenic amines to 

physiologically less active form. Diamine oxidase and 

monoamine oxidase are two groups of enzymes that 

have role in this detoxification. However, intake of 

high content of biogenic amines causes deactivation of 

detoxification system. In addition, some drugs reduce 

the activity of monoamine oxidases. In that case, this 

enzyme can not act leading to absorption of biogenic 

amines by human body and show toxic effects [16]. 

Different biogenic amines can cause different side 

effects such as: excess tyramine intake could cause 

hypertension meanwhile serotonin is a vasoconstrictor. 

There are some toxic effects of biogenic amines such as 

histamine poisoning (scombroid poisoning), a 

worldwide problem that occurs after the consumption 

of food containing biogenic amines particularly 

histamine at contents higher than 500 mg/kg, whereas, 

allowable level in fish is maximum 50 mg/kg [17]. 

Histamine poisoning is an allergen-type reaction and is 

characterized by difficulty in breathing, itching, rash, 

vomiting, fever and hypertension. These symptoms can 

be seen in people having deficient natural mechanisms 

for detoxifying biogenic amines due to genetic defects 

or due to the intake of antidepressant medicines such as 

monoamine oxidase inhibitors [18]. 

Histamine intake of 8-40 mg, 40-100 mg and higher 

than 100 mg may cause slight, intermediate and 

intensive poisoning, respectively [19]. Nout [20] pointed 

out that maximum histamine content is 50-100 mg/kg 

for sausages. The allowable maximum level of tyramine 

in foods is 100-800 mg/kg and 1,080 mg/kg of tyramine 

is toxic for humans [3]. Putrescine, spermine, 

spermidine and cadaverine do not have adverse health 

effects but they may react with nitrite to form 

carcinogenic nitrosamines and are also proposed as 

indicators of spoilage [21, 22]. Naila et al. [23] reported 

oral toxicity levels for putrescine (2,000 mg/kg), 

cadaverine (2,000 mg/kg), tryptamine (2,000 mg/kg), 

spermidine (600 mg/kg) and spermine (600 mg/kg). 

Biogenic amines are considered as precursors of 

carcinogenic amines such as N-nitrosamines and they 

are also indicators of food quality. In foods, 

nitrosamines are produced from nitrites and secondary 

amines. The following are a few explanations given for 
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the formation of nitrosamines: (1) nitrite and its 

derivatives may react with some biogenic amines to 

produce volatile N-nitrosamine; (2) nitrite can be 

converted into nitrosating agents that may easily react 

with secondary amines to produce carcinogenic 

N-nitrosamines; (3) some biogenic amines may react 

with nitrosating agents to produce N-nitrosamines; (4) 

primary amines such as putrescine and cadaverine have 

been suggested to cyclize during heating to secondary 

amines such as pyrolidine and piperidine which react 

with nitrite to form carcinogenic nitrosamines [24, 25]. 

Formation of nitrosamines in meat and meat products is 

a problem especially in terms of toxicological point of 

view. 

2.3 Quality Index 

Presence of biogenic amines in foods can be used as 

quality index. They are expressed as chemical 

indicators of the hygienic conditions of raw material. 

Their accumulation is related with the activity of 

contaminant bacteria during the manufacturing 

practices [26]. Generally, presence of biogenic amines 

in non-fermented foods is explained as inadequate or 

prolonged storage. However, presence of these in meat 

and meat products is used as a quality index for 

unwanted microbial activity. 

Some authors have proposed chemical index (CHI) 

consisting of putrescine (PUT), cadaverine (CAD), 

histamine (HA), spermidine (SPD) and spermine (SM) 

concentration. Such a chemical index was expressed 

[27] to evaluate the quality of canned tuna and 

decomposition of rock fish and salmon fillets:  

)1(
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        (1) 

For canned tuna, CHI between 0 and 1 indicate good 

(class 1) product while for borderline (class 2) canned 

tuna, the chemical index is between 1 and 10. 

On the other hand, there is an amine index (AI) used 

to evaluate spoilage of plaice and whiting by use of 

PUT, CAD, HA, tyramine (TYR), tryptamine (TRP), 

methylamine (MA), SPD and SM: 
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According to this index, good quality whiting has an 

AI below 25, for plaice, it is below 15. However, 

whiting and plaice become inedible when the AI 

exceeded 66 and 55, respectively [24]. 

Hernandez-Jover et al. [22] used same index and 

explained that AI < 5 mg/kg for good quality fresh meat; 

between 5 mg/kg and 20 mg/kg for acceptable meat but 

with initial spoilage signs; between 20 mg/kg and 50 

mg/kg for low meat quality; finally AI > 50 mg/kg for 

spoiled meat. Biogenic amine indexes are generally 

suggested for fish and fish products and meat and meat 

products. There is no information about the use of 

biogenic amine index for fermented food products. 

This could be due to the highly varied biogenic amine 

content in fermented products than in fresh meat and 

cooked meat products. There are many factors 

affecting these variations such as: microbiota of raw 

material, manufacturing practices, processing stages, 

type of starter cultures and species. Hence, specific 

biogenic amine index has been suggested only for fresh 

or processed meat and meat products and not for 

fermented foods [28]. 

Generally, putrescine and cadaverine contents are 

used as quality index of meat and meat products 

because their amounts increase due to the spoilage. It 

was reported that 500 mg/kg of total biogenic amine 

content is the limit for Bologna sausage, minced beef 

and pork [29]. 

3. Occurrence of Biogenic Amines in Food 

Biogenic amines are present in many different foods 

although their contents vary widely between and even 

within food types. In addition, they may not be equally 

distributed within foods [15]. Although existing as 

endogenous components of fresh foods such as fruits 

and vegetables, biogenic amines can accumulate as the 

result of uncontrolled microbial enzymatic activity [30]. 

Cheese, meat and meat products and beverages are 

example of foods that contain high levels of biogenic 
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amines (Table 1). There are many factors influencing 

biogenic amine formation. These are storage 

conditions (temperature and humidity), pH of the 

product, food composition (especially protein), 

additives, species, heat application, manufacturing 

practices, presence of decarboxylase producing 

microorganisms, raw material quality and the 

availability of free amino acids [9, 31]. 

3.1 Fish and Fish Products 

Fish and fish products contain high amounts of 

protein. Fish must be kept under proper conditions 

from harvest stage to consuming point, otherwise, it 

can be hazardous to human health. Many biogenic 

amines may be present in fish and fish products such as 

histamine, cadaverine and putrescine. They have been 

used for determination of fish safety and quality. 

Although there are many reports about biogenic amine 

content of fish and fish products, most of them are 

about histamine and scombroid food poisoning [24]. 

Blood and organs of scombroid type fish contain 

considerably higher amount of free histidine. On the 

other side, deep red coloured muscle of this type of fish 

contains three times higher amount of proteolytic 

activity than white coloured muscle. If histamine is 

produced in fish muscle, it can not be reduced by 

cooking or frying. Histamine formation of scombroid 

type of fish can be stopped by retort, but amount of 

histamine present in fish can not be reduced [32]. 

Despite a widely reported association between 

histamine and scombroid food, poisoning histamine 

alone appears to be insufficient to cause food toxicity. 

Biogenic amines like putrescine and cadaverine are 

important for fish and fish products. When microbial 

decomposition begins in fish, putrescine and 

cadaverine content increase continuously. Existence of 

putrescine is used as a spoilage indicator for fish 

quality and cadaverine is used as index for microbial 

spoilage in a wide range of fish, especially nonpelagic 

fish. On the other hand, putrescine has not been 

reported to be involved in scombroid poisoning, but the 

presence of putrescine and cadaverine together has 

been reported to induce histamine allergy [24]. 

3.2 Cheese 

Cheese is on the second place after fish in terms of 

biogenic amine content. Cheese contains proteins, 

enzymes, cofactors, water, salt and bacteria, therefore 

represents an ideal environment for microbial growth 

so biogenic amine formation [10]. Proteolysis is the 
 

Table 1  Biogenic amine content of some foods. 

Food 
Histamine Tyramine Cadaverine Putrescine 

References 
(mg/kg) 

Fish and fish products      

Tuna (canned) 20,000  4,440 2,000 [33] 

Fermented fish paste 640.0 376.0 35.0  [33] 

Fresh fish 209 61.8   [34] 

Dairy products      

Milk    0.013 [35] 

Terrincho cheese 15.6 15.6 349.7 217.8 [36] 

Meat products      

Salchichon 7.3 280.5 11.7 5.5 [33] 

Dry cured ham 114 104 64 97 [37] 

Dry fermented sausage 286.0 1,500.0  396.0 [33] 

Fermented drinks      

Beer 3.0 3.6 1.3 7.6 [38] 

Cider 6.9 4.1  12.3 [39] 

Wine 3.3   3.3 [33] 

Porto wine 2.3 2.6 0.1 11.9 [16] 
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most important phenomenon in cheese during the 

maturation period. In this period, casein is ruptured by 

proteolytic enzymes and this causes increase in free 

amino acids. Some of these free amino acids can be 

subjected to decarboxylation reactions which are 

catalyzed by specific bacterial decarboxylase activity 

and resulting formation of amines [40]. Biogenic amine 

accumulation in cheese can be influenced by the 

microbiological quality of raw milk, the sanitization 

procedures adopted, the use of starter cultures and the 

conditions and time of the ripening process [36]. 

Besides this, amount and type of microorganisms, 

interaction between microorganisms, level of 

proteolysis, maturation and storage temperature, 

maturation period and salt concentration of brine are 

some other important factors that affect biogenic amine 

content of cheese. The most abounded biogenic amines 

that present in cheeses are histamine, tyramine, 

cadaverine, putrescine, tryptamine and phenyl 

ethylamine. Also presence of these amines in cheese 

indicates a failure in hygienic quality of milk used for 

cheese products or during the cheese making [41]. 

3.3 Meat and Meat Products 

Meat and meat products are important components 

of daily diet and they contain different types of 

biogenic amines in varying contents. The most 

common biogenic amines in meat and meat products 

are tyramine, cadaverine, putrescine and also histamine. 

Meat is the natural source of the substrate (free amino 

acids) from which biogenic amines are produced. It is 

also the largest component of the matrix in which the 

decarboxylation reactions take place and therefore 

basic in determining essential factors in enzymatic 

activity: pH, ionic strength, substrate concentration, 

inhibitors and their mobility, etc.. Thereby, any 

conditions that change its nature and characteristics 

will influence the formation of biogenic amines in one 

way or another [28]. 

There are several reports about biogenic amine 

content of meat and meat products and most of them 

focus on fermented sausages. Amine content and 

profiles may vary depending on several extrinsic and 

intrinsic factors during the manufacturing process such 

as ripening conditions, formulation, pH, temperature, 

additives, diameter of sausages, salt/water ratio, 

proteolytic activity, as well as microflora development 

and its decarboxylase activity [42]. Fermented 

sausages contain suitable environment for production 

of biogenic amines (presence of free amino acids, 

presence of microorganisms with decarboxylase 

activities and conditions favorable for the growth of 

microorganisms) [43]. 

One of the most important factor influencing 

biogenic amine formations in dry fermented sausages 

is the starter culture [44, 45]. The microorganisms 

responsible for decarboxylation reactions may be 

introduced as starter culture in sausages or may 

constitute part of the natural population of the food. 

Enterobacteriaceae can be involved in the production 

of putrescine, histamine and cadaverine [46] and 

Pseudomonas in the production of putrescine [47]. 

Regarding lactic acid bacteria, all strains of 

Carnobacterium found in meat products produced high 

amounts of tyramine and some strains of Lactobacillus 

curvatus and Lactobacillus plantarum used as starter 

cultures gave rise to tyramine production [48]. 

On the other hand, microorganisms that produce 

decarboxylase enzymes have an important role in 

biogenic amine formation in meat and meat products. In 

general, Enterobacteriaceae, Pseudomonadaceae, 

Micrococcaceae and lactic acid bacteria appear to be 

the main producers of decarboxylase in fermented 

products [49]. During storage period, production of 

biogenic amines can be expected to continue due to the 

presence of active microbiota in these products [28, 50]. 

The different types of processing and storage 

conditions that are applied to meat products can 

influence the formation of biogenic amines. 

Fermentation processes usually between 7 ○C and 28 
○C generally increase the formation of biogenic amines. 

Fermented products contain large quantities of 
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microorganisms. These microorganisms can cause 

proteolysis to produce high amounts of free amino 

acids which are substrate for decarboxylase enzymes to 

produce biogenic amines. However, these conditions 

are affected by several factors such as the temperature 

of the medium, the microorganisms present and the 

presence of additives [21]. 

It was reported that increase in salt concentration 

significantly decreased biogenic amine content in dry 

sausages [51]. Also they observed higher proteolytic 

activity when intermediate concentration of salt was 

used. 

3.4 Alcoholic Beverages 

Alcoholic beverages like other fermented foods may 

contain biogenic amines as a result of decarboxylation 

of certain amino acids by the microorganisms used in 

their production [52]. Biogenic amine contents of 

alcoholic beverages such as boza (a traditional 

cereal-based fermented Turkish beverage), beer and 

cider (an alcoholic beverage made from apple juice) 

have been studied [53-56]. However, wine is the most 

commonly studied alcoholic beverage in this area. In 

wine, several amino acids can be decarboxylated so 

that histamine, tyramine, putrescine, cadaverine and 

phenyl ethylamine are produced but histamine, 

tyramine and putrescine are the main biogenic amine 

observed in wine [16, 57]. 

The presence of biogenic amines in wines has been 

studied extensively since 1980 and particularly over 

the last 10 years as a consequence of the increasing 

attention to consumer protection. In order to eliminate 

biogenic amines in wine, it is necessary to identify the 

source of these compounds [58]. Biogenic amines can 

be already present in “must” or formed by the yeast 

during alcoholic fermentation. The other alternative for 

origin of biogenic amines in wine is the action of 

bacteria involved in malolactic fermentation [59, 60]. 

Some amines are normally present in grapes depending 

on the soil type and composition, fertilization of soil, 

climatic conditions during growth, degree of 

maturation, elaboration method used for the wine 

extraction, autolysis and growth of lactic acid bacteria, 

residual microbial population, clarification process, 

enological treatment of the wine as well as the yeast 

strain used in the fermentation [61]. In several studies, 

biogenic amines have been suggested as indicators of a 

lack of hygiene during the winemaking process or 

associated (in the case of putrescine and cadaverine) 

with poor sanitary conditions of grapes [58]. 

Fermentation conditions of wine are also important 

for the biogenic amine production. These are: 

temperature, pH, access to oxygen, sodium chloride 

content, “must” treatment, length of fermentation, 

presence of pulp and skin, alcohol content, 

concentration of sulphurdioxide and added nutrients, 

quantity and type of finings, and clarification agents 

used [16]. 

Putrescine, cadaverine, histamine and 

isoamylamines are reported as the most abundant 

amines in the wine samples analyzed. The relative 

concentrations of biogenic amines expressed in mg-1 

are reported as follows: putrescine > histamine > 

isoamylamine > ethylamine > methylamine > 

cadaverine = tyramine = agmatine = tryptamine. 

Agmatine (0.18 mg/L) was detected within the 

analyzed 32 samples of commercially available Greek 

wines [62]. In another study, agmatine was only found 

in some red wine samples with a maximum value of 

0.63 mg/L. It is considered as an intermediate product 

of the metabolism of arginine to putrescine. It has also 

been related to food spoilage [63]. However, Proestos 

et al. [62] reported that the relationship between 

agmatine and spoilage can not be applied to wine on 

the basis of their results. 

The types and levels of amines in beers are affected 

mainly by raw materials, brewing techniques, and 

microbial contamination during brewing [64]. Malt is a 

source of agmatine, putrescine, spermidine and 

spermine, while tyramine histamine and cadaverine 

have been formed during fermentation by 

contaminating lactic acid bacteria [38]. Tyramine, 
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putrescine, spermine, spermidine and agmatine have 

also been detected in barley. Relatively high levels of 

tyramine, 2-phenylethylamine, putrescine, spermine, 

spermidine and agmatine have been detected in hops, 

however, its contribution to amine levels in beer is not 

significant since the amount used is very small. The use 

of adjunct cereals such as rice is useful in reducing 

biogenic amine levels in worts and beers [64]. 

Beer samples with four different fermentation types 

(low fermentation, top fermentation, top fermentation 

followed by a second fermentation into bottle and 

spontaneous fermentation (SF)) were analysed [8]. 

Spermine and spermidine were not detected in the 

analysed samples. By contrast, putrescine and 

agmatine presented a fairly constant content in all 

samples. The above study considered that both amines 

are natural components brought to the beverage by raw 

material as reported earlier [65, 66]. 

4. Reduction Methods of Biogenic Amines 

4.1 High Pressure Processing 

High pressure processing is one of the emerging 

technologies which can be applied at refrigeration, 

ambient or moderately high temperatures to inactivate 

pathogenic and spoilage microorganisms, and enzymes 

in foods with fewer changes in texture, colour and 

flavor compared to conventional technologies. It has 

aroused more interest in recent years because it 

addresses consumer demands for safe better quality 

products with fewer additives, less processing and 

prolonged shelf life [18]. There are many foods that are 

treated by high pressure such as cheese [67], sausage 

[42, 68, 69], carrot [70] and sauerkraut [71]. High 

pressure treated food materials have been reported to 

maintain their original flavour and characteristic 

properties with extended shelf life [72]. 

High pressure is a useful method for cell disruption 

and alters permeability of cell membrane which causes 

reduction of amino acid uptake due to membrane 

protein denaturation [73]. It is followed by leakages on 

the cellular membrane resulting in a greater degree of 

death and injury. In a fermentation process when high 

pressure is applied to raw material or the end products, 

a reduction in the number of bacteria is observed which 

inhibit biogenic amine formation. Lanciotti et al. [73] 

observed that if milk is subjected to a homogenization 

treatment by high pressure before cheese making, both 

microbial load and biogenic amine content of cheeses 

during ripening are significantly influenced. A drastic 

reduction is observed in biogenic amine content of 

cheese treated with high pressure compared to the 

cheese produced by the same milk without any 

treatment. However, level of pressure applied is a 

significant factor to reduce biogenic amine formation. 

Report of Rodriguez et al. [67] support this statement 

that a low pressure treatment (50 MPa for 72 h) 

increased biogenic amine content while a high pressure 

treatment (400 MPa for 5 min + 50 MPa for 72 h) 

showed a slight decrease. Effects of high pressure on 

fermented sausages have also been studied and it has 

been observed that treating fermented sausage with 

high pressure (350 MPa/15 min) reduced lactic acid 

bacteria and thereby decreased cadaverine, putrescine 

and tyramine levels during 160 days chilled storage 

compared to sausage not treated with high pressure 

[68]. Reduction of lactic acid bacteria together with 

biogenic amines may cause some problems in 

fermented foods. Therefore, to control biogenic amine 

formation in fermented foods, high pressure 

application could be feasible before starter culture 

addition. 

4.2 Irradiation 

Food irradiation has been used for inhibition of 

sprouting, destruction of food borne insects and 

parasites, delay of physiological ripening, extension of 

shelf life and improvement of food quality [74]. Food 

irradiation is considered as an alternative method to 

thermal processes because of the severe detrimental 

effects of thermal processing upon texture and flavor. 

Furthermore, irradiation technology is applied to 

reduce substances such as carcinogenic N-nitrosamines 

and nitrite in meat products, allergenicity in foods and 
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biogenic amines in foods [75]. Significant progress has 

recently been made by use of γ-irradiation to reduce the 

levels of biogenic amines in foods [76, 77]. 

Gamma-irradiation has positive impact on the 

reduction of viable numbers of microorganisms and 

viruses, furthermore, it appears to reduce biogenic 

amines and nitrosamine formation in protein rich foods 

[78]. Gamma-irradiation has been reported to be 

effective in reducing the content of biogenic amines in 

both aqueous solutions and fermented soybean paste 

[75, 76]. It also has been reported to be effective in 

reducing the major biogenic amines in ground beef and 

pork following inoculation with three different 

microorganisms [77]. 

Although food irradiation is an effective method to 

reduce biogenic amine formation, public acceptance is 

low. Most researches report that people have 

insufficient information about food irradiation. 

Irradiated food products are generally considered 

“carcinogenic” and so acceptance of irradiated foods is 

low [79]. There are many food materials that are 

irradiated to inactivate biogenic amines. These are: 

pepperoni, low salted fermented soybean paste, beef 

and pork, vacuum packed chub mackerel (Scomber 

japonicus), distilled water and blue cheese [76, 77, 

80-82]. Min et al. [77] studied ground pork and beef 

inoculated with Alcaligenes faecalis, Bacillus cereus 

and Enterobacter cloacae which were treated with 

gamma-irradiation dose of 2 kGy. They found that total 

amount of biogenic amines (histamine, tyramine, 

spermidine, beta-phenyl ethylamine, tryptamine, 

cadaverine and putrescine) formed during 24 h storage 

at 4 ○C was reduced by the treatment. Also it was found 

that levels of tyramine, spermidine, spermine and 

putrescine were effectively reduced in pepperoni by 

gamma-irradiation (5, 10 and 20 kGy) [75]. Kim et al. 

[81] observed that gamma-irradiation at 5, 10 or 15 

kGy reduced putrescine, cadaverine, agmatine, 

histamine, tryptamine, spermine and spermidine during 

fermentation of low salt fermented soy paste [81]. The 

formation of biogenic amines after irradiation and 

vacuum packing reduced in chub mackerel (Scomber 

japonicus) in chilled storage [82]. 

4.3 Application of Additives 

Spices and herbs are additives which are generally 

used in foods for enhancing the flavor or colour 

attributes. These materials also have antimicrobial and 

antioxidant activities [44]. Many reports show that 

spices and herbs reduce biogenic amine production 

(Table 2). Curcumin (turmeric), capsaicin (red pepper), 

and piperine (black pepper) are naturally occurring 

specific inhibitory substances that inhibit biogenic 

amine formation [83]. Yücel and Üren [84] reported 

that components in spices such as thymol inhibit 

biogenic amine formation. It was observed that citric 

acid use in pickled cabbage fermentation produced a 

slight decrease in biogenic amines [85]. Sodium nitrite 

addition in dry sausage fermentation was studied by 

Bozkurt and Erkmen [86] and they found that biogenic 

amine production was decreased with sodium nitrite 

addition. Use of nitrite in sucuk production has been 

found to affect the formation of biogenic amines except 

for spermidine and spermine [45]. Effect of sodium 

sulphite on biogenic amine accumulation during the 

ripening of slightly fermented sausages has been 

studied. The study reported stimulation of tyramine 

production in the presence of sulphite, whereas, 

cadaverine formation was drastically inhibited [87]. 

Reduction of cadaverine formation has been observed 

when sugar was added to slow fermented sausages 

[88]. 

4.4 Reduction of Decarboxylase Activity 

Biogenic amines are formed by the enzymatic 

decarboxylation of free amino acids (Fig. 1). Necessary 

conditions for the production of biogenic amines are: 

presence of free amino acids and decarboxylase 

enzymes and appropriate conditions for 

decarboxylation. Free amino acids are produced by the 

action of microbial proteolytic enzymes which convert 

proteins to amino acids and also these amino acids are 
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Table 2  Reduction of biogenic amines by additives. 

Food type Additives Reduction in biogenic amines Reference

Fermented sausage 

Sesama oil, BHT, 
Thymbra spicata oil 

Putrescine value: 
Thymbra spicata oil < Sesama oil < BHT < control 
Lowest histamine and tyramine concentrations were obtained in 
Thymbra spicata and sesama oil added recipes 

[89] 

BHT, H. Sabdariffa,  
U. dioica, nitrite/nitrate 

U. dioica was more effective in decreasing histamine and 
putrescine 

[90] 

BHT, Thymbra spicata
oil, green tea extract 

Antioxidants reduced putrescine formation in the following order:
Green tea extract > green tea extract-Thymbra spicata oil >
Thymbra spicata oil > BHT lowest tyramine concentration was 
observed in the recipe with green tea extract 

[44] 

Myeolchijeot (fermented 
anchovies) 

Garlic extract Histamine and tyramine reduced by 20.8% and 31.2% [91] 

Glycine NaCl 
Putrescine cadaverine histamine tyramine spermidine reduced 
between 63% and 73% compared with the control 

[92] 

Slightly fermented sausage Sugars (glucose, lactose) Cadaverine reduction was observed [88] 

BHT: butylated hydroxytoluene. 
 

converted to biogenic amines by the amino 

decarboxylase enzymes. Biogenic amine formation can 

be regulated by controlling these rate limiting 

decarboxylase enzymes (Fig. 1). It was reported that 

the proteolytic enzymes were effective in the reduction 

of histidine decarboxylase [93]. Effect of trypsin and 

chymotrypsin on the activity of histidine decarboxylase 

in different rat tissues has been also studied. Use of 

these enzymes strongly inactivated histidine 

decarboxylase in rats. Romantsev and Prozorovskii [94] 

also reported effect of trypsin on the reduction of 

histidine decarboxylase from Micrococcus sp. histidine 

decarboxylase lost 50% of its activity after the first 9 

min of hydrolysis. They also studied the thermal 

stability of this enyzme and found that it preserves 80% 

activity after 5 min of incubation at 72 °C and at pH 

5.55. In the literatures, there is little information about 

the reduction of biogenic amine formation by 

inhibition of decarboxylase enzymes. 

4.5 Use of Starter Cultures 

Starter cultures are pure or mixed beneficial 

microorganisms used in fermented food products. 

Application of starter cultures with amino oxidase 

activity is important due to the inhibiting formation of 

biogenic amines [10]. It was reported that rapid pH 

reduction by amine negative starter cultures can largely 

prevent biogenic amines accumulation in fermented 

products. The use of amino negative starters such as L. 

sakei or Pediococus pentosaceus could prevent the 

formation of biogenic amines in dry sausage [31]. Also, 

starter cultures able to compete with non-starter 

bacteria during the process especially ripening and 

throughout storage can further avoid excessive 

biogenic amines production [7]. It was reported that the 

natural microbiota of sucuk (Turkish dry fermented 

sausages) produced high levels of tyramine and 

putrescine (more than 250 mg/kg), whereas, the 

addition of mixed starter cultures (L. sakei, P. 

pentosaceus, S. xylosus and S. carnosus) prevented the 

formation of putrescine but not of tyramine [95]. S. 

xylosus has been found to be effective in inhibiting 

biogenic amine formation in a salted and fermented 

anchovy [96]. Inoculation of L. plantarum in 

sauerkraut [97] and in Nham [98], a Thai fermented 

sausage effectively decreased the production of 

tyramine, putrescine and cadaverine. These researches 

show that different starter cultures show different 

effects. Some authors found that starter cultures were 

not sufficient to prevent the formation of biogenic 

amine in some fermented meat products. It can be 

related with the insufficient hygienic quality of raw 

meat [99]. 

4.6 Degradation of Biogenic Amines 

There are some methods that can be applied to 
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degrade formed biogenic amines such as use of amine 

oxidizing microorganism and/or enzymes like diamine 

oxidase and use of amine degrading microorganisms 

such as Lactobacillus plantarum or vineyard 

ecosystem fungi in wine making process. Capozzi et al. 

[100] analyzed 26 strains of Lactobacillus plantarum 

for their ability to degrade biogenic amines commonly 

found during wine fermentation. They selected two 

strains of L. plantarum due to their ability to degrade 

putrescine and tyramine. The degradation was assessed 

in vitro both in presence of the biogenic amines and in 

presence of the specific chemical precursor and of 

producer bacteria. The two L. plantarum biotypes were 

found to work synergistically. Cueva et al. [101] 

isolated 44 grapevine and vineyard soil fungi from four 

locations of Spain and evaluated for in vitro amine 

degradation in a micro fermentation system. All fungi 

were able to degrade at least two different primary 

amines. Species of Pencillium citrinum, Alternaria sp., 

Phoma sp., Ulocladium chartarum and Epicoccum 

nigrum were found to exhibit the highest capacity for 

amine degradation. 

The use of bacteria with amine oxidizing activity or 

oxidizing enzymes has been studied by some 

researchers to reduce already formed biogenic amine 

levels in foods. Naila et al. [102] studied the amount of 

histamine degradation by diamine oxidase in model 

(buffer) and real (cooked tuna soup used in 

manufacture of a fish paste product, Rihaakuru) 

systems. They reported a technique using diamine 

oxidase to reduce histamine from 500 mg/L to 

undetectable levels (< 0.5 mg/kg) in Rihaakuru. They 

found that histamine can be degraded at low salt levels 

(12%) and pH 6.7, but they also reported that in this 

condition, product sensory characteristics may vary. 

Dapkevicius et al. [103] also investigated the 

degradation of histamine by diamine oxidase in fish 

silage and fish slurry by using 2% NaCl, 12% 

saccharose and 0.05% cysteine and found that amine 

oxidase was only effective in degrading histamine in 

the presence of cysteine. Use of diamine oxidase can be 

a potential method for degradation of histamine but 

there needs additional studies to see its effects in 

degrading other biogenic amines and also on food 

product characteristics. 

4.7 Packaging 

Modified atmosphere packing (MAP) is a form of 

packaging involving the removal of air from the pack 

and the replacement with a single gas or mixture of 

gases. The gaseous atmosphere changes continuously 

during storage because of respiration of the packed 

product, biochemical changes and due to the slow 

permeation of gases through the packaging materials. 

Modified atmosphere packaging of foods has gained 

considerable popularity as a modern method for 

packaging of fresh meat [104]. Combination of CO2, 

N2 and O2 in modified atmosphere packs is able to 

suppress the aerobic spoilage flora of perishable foods 

such as meat, fish, and related products and to sustain 

their visual appearance [105]. 

There are some reports on the successful control of 

biogenic amines formation through modified 

atmosphere packaging such as in fish, chicken, sausage, 

garfish and seer fish [80, 105, 106]. All these reports 

represent reduction of biogenic amines with MAP but 

effectiveness of this method depends on concentration 

of gases used in MAP, microbiota present and storage 

conditions. MAP is reported to extend the shelf life of 

foods with lower histamine content longer than 

vacuum packing [32]. Sing et al. [107] studied the 

effect of MAP in precooked chicken meat stored at 4 
○C for 23 days. Samples packed under MAP had an 

apparent reduction in putrescine and tyramine 

compared with those packed under air after the storage 

period. It has been also reported that MAP has a strong 

inhibitory effect on yellow fin tuna during the storage 

period (1 ○C for 28 days) [108]. 

4.8 External Factor: Temperature 

Temperature is an important factor in the formation 

of biogenic amines. Biogenic amine formation is 
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decreased at low temperatures with inhibition of 

microbial growth and reduction of enzyme activity 

[109]. It was reported that higher fermentation 

temperature (24 ○C) favor the growth of lactic acid 

bacteria which outgrew the amine-positive non-starter 

microorganisms. Higher temperature can favor 

proteolytic and decarboxylation reactions resulting in 

increased amine content after storage [51]. In addition, 

freezing is an alternative method for stabilization of the 

level of biogenic amine. Many reports show the 

efficiency of low temperature application on the 

reduction of biogenic amines. Yellow fin tuna stored 

up to 9 days at 0 ○C and 22 ○C showed an increase in 

histamine of 15 mg/kg at 0 ○C and 4,500 mg/kg at 22 
○C [110]. On the other hand, high temperature 

treatment is also an effective method for prevention of 

biogenic amine formation. High temperature treatment 

could kill the microorganisms responsible for 

histamine formation and prevent the subsequent 

formation of histamine. Histamine could reform after 

the application of heat treatment if recontamination 

occurs and if temperature control could not be supplied 

[18]. Biogenic amine content of different types of 

cheese showed that these compounds are common in 

those made from raw milk [111]. The amount of 

biogenic amine is generally higher in cheese made 

from raw milk than pasteurized milk [112]. 

Control of the biogenic amine is not always possible 

with temperature alone because some bacteria can 

produce biogenic amines even at temperatures below 5 
○C [113]. Therefore, biogenic amine formation in food 

can be controlled by use of cold chain. However, 

maintaining the cold chain in foods that already contain 

high levels of biogenic amines will generally stabilize 

the levels of biogenic amines [114]. 

5. Conclusions 

Biogenic amines are organic compounds present 

naturally or form and increase in foods after harvesting 

or processing. They are used as a quality indicator that 

shows degree of spoilage, use of non-hygienic raw 

material and poor manufacturing environment. These 

compounds are also toxic to human body and 

consumption of high doses of biogenic amines causes 

some diseases (neurological, gastro intestinal and 

cancer). Therefore, further research is needed to make 

clear toxic doses of each biogenic amine in each 

foodstuff and these limits have to be enforced by laws 

in countries which have been developing and have no 

regulations in this regard. Reduction of biogenic amine 

formation is also an important area and there are some 

physical and chemical methods to reduce them. 

Mechanism of reduction is mainly based on inhibition 

of bacteria. Although they seem as efficient methods 

for reduction of biogenic amine content of foods, their 

effects on quality and safety of foods should also be 

considered. Main goal of food production is to produce 

safe products with high nutritional quality. 
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