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ABSTRACT  

Biogenic amines (BAs) are a group of biologically active compounds that are widespread in the nature. 

Biogenic Amine (BA) accumulation in foods requires the availability of precursors, the presence of 

microorganisms with amino acid decarboxylases, and favorable conditions for their growth and 

decarboxylating activity. BA can be found as a consequence of microbial activity in wide range of food 

products. Some BAs such as histamine, tyramine, putrescine and cadaverine are important for their 

physiological and toxicological effects on the human body. The aim of the present paper is to give the 

formation, catabolism and surveillance of BAs in foods and their toxicological effects. Also, it is focused on 

bacteria responsible for biogenic amine formation in fermented food including cheese and wine.    
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1. INTRODUCTION 

Amines are basic nitrogenous compounds in which one, two or three atoms of hydrogen in ammonia 

are replaced by alkyl or aryl groups (Shalaby, 1996; Alvarez et al., 2014) and when these amines are formed 

by the action of living organisms, they are designated as Biogenic Amines (BAs). Non-volatile and low-

molecular-weight BAs with aliphatic (putrescine, cadaverine, spermine, spermidine), aromatic (tyramine, 

phenylethylamine) or heterocyclic (histamine, tryptamine) structure compounds formed mainly by 

decarboxylation of amino acids or by amination and transamination of aldehydes and ketones (Santos, 1996; 

Önal, 2007). Histidine, tyrosine, hydroxytryptophane, tryptophane, lysine, ornithine, arginine, are the 

precursors of the main BAs such as histamine, tyramine, serotonin, tryptamine, cadaverine, putrescine, 

spermine and spermidine, respectively. Putrescine, cadaverine, spermine and spermidine possess importance 

for living cells such as regulation of nucleic acid function and protein synthesis and stabilization of 

membranes (Santos, 1996). Therefore they can be both synthesized and degraded as a result of normal 

metabolic activities in humans, animals, plants and microorganisms and be accumulate in high 

concentrations in foods (Alvarez et al., 2014). BAs in foods and beverages are formed by decarboxylation of 

amino acids by the responsible enzymes (amino acid decarboxylases) of raw material. Due to these enzymes 

are widely present in spoilage and other food microorganisms, BAs occurrence naturally and/or by the 

artificially added lactic acid bacteria (LAB) involved in fermentation in foods and beverages (Santos, 1996; 

Alvarez et al., 2014). Occurrence of microorganisms with decarboxylase enzyme, availableness of free 

amino acids and conditions enabling microbial growth are the main prerequisites for BAs formation by 

microorganisms. BAs are toxic substances, termed as toxemias, cause diseases in human or animal by the 

ingestion of foods or beverages containing biologically active amines (Shalaby, 1996). Toxemias cause food 

intoxication with symptoms including headaches, nausea, cardiac palpitations, and increased or decreased 

blood pressure. Due to they have a role in the depreciation of organoleptic properties of foodstuff, they may 

also considered as quality indicators in some foods (Alvarez et al., 2014).  

The aim of this work is to give a formation and catabolism of BAs, significance and toxicological 

effects of BAs, surveillance of BAs in food. Finally, we aimed to explain of the BA production by 

microorganisms in fermented food including cheese and wine. 

 

2. BIOGENIC AMINES FORMATION AND CATABOLISM  

Many of biogenically active amines broken down by usual metabolic processes in the cells of living 

organisms and performing important physiological functions, including a number of crucial roles in the 

physiology of eukaryotic cells (Tabor, et al., 1976; Alvarez et al., 2014) (Table 1). BAs are also formed by 

the microbial decarboxylation of amino acids by the microorganisms including Bacillus, Clostridium, 

Hafnia, Klebsiella, Proteus, Lactobacillus, Enterococcus. Histamine, tyramine and tryptamine are the most 

common monoamines and formed from histidine, tyrosine and tryptophane. Putrescine and cadaverine, 

spermidine and spermine, which are referred as diamines and polyamines, consist of ornithine, lysine and 

arginine respectively. The BAs which intake by foods are rapidly detoxified under normal conditions (Önal, 

2007). 

Putrescine (1,4-diaminobutane), spermidine (N-(3-aminopropyl)-1,4-diaminobutane) and spermine 

(N,N’-bis-3- aminopropyl), 1,4-diaminobutane are a group of polycationic amines and formed by the de 

novo synthesis which biosynthetic pathways were reviewed by Hillary and Pegg (2003). There are two key 

enzymes that regulate the biosynthetic pathways of polyamines in mammalian cells by their activities: 

ornithine decarboxylase and S-adenosylmethionine decarboxylase. Putrescine is formed from arginine by the 

activity of ornithine decarboxylase and methionin provides the aminopropyl groups via activity of S-

adenosylmethionine decarboxylase needed to convert putrescine into the higher polyamines. The synthesises 
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of spermidine and spermine are carried out by two aminopropyltransferase enzymes, spermidine synthase 

and spermine synthase, respectively (Kalac and Krausova, 2005). Levels of the polyamines in cells are 

controlled by the biosynthetic and catabolic enzymes (Kalac and Krausova, 2005) and BAs are 

physiologically in activated by amine oxidases (Mono- and Di-) which are present in higher organisms and 

also in bacteria. However, if these enzymes are dysfunctional either genetically or due to the intake of 

inhibitors such as alcohol or certain antidepressant medications BAs enter the systemic circulation and exert 

their toxic effect on different organs, causing serious human health problems (Ladero et al., 2010a; Alvarez 

et al., 2014). 

 

3. SIGNIFICANCE OF BIOGENIC AMINES AND TOXICOLOGICAL EFFECTS  

The biologically active amines have important physiological effects in humans and animals including 

vasoconstrictor actions (Tyramine, β-phenylethylamine and Tryptamine), vasodilatador effects (Histamine 

and Serotonin) and act as hormonal mediators or affect the nervous system by acting on neural transmitters 

(dopamine and serotonin). Nevertheless due to polyamines involved in DNA, RNA and protein synthesis, in 

normal healthy cells they are important in many physiological processes such as cell membrane 

stabilization, proliferation and in case of requiring intensive tissue growth.  

BAs can be produced on fish, meat products, also in fermented food including cheese, wine, beer, 

sauerkraut during process or storage by thermal or bacterial enzymatic decarboxylation of free amino acids. 

Due to consumption of food containing unusual levels of BAs may be cause of some effects, the presence of 

BAs in food constitutes a potential public health concern. These effects of BAs can be classified as reaction, 

intolerance, intoxication or poisoning according to the severity of the symptoms including nausea, sweating, 

rashes, slight variations in blood pressure and mild headache (Table 1). High amounts of certain amines may 

be found in food by use of poor quality raw materials, contamination or inappropriate conditions during food 

processing and storage. Eventually due to relation with food hygiene and their role in the depreciation of 

organoleptic properties they may also considered as quality indicators (Önal, 2007). 

Histamine is a biologically active chemical which stored large amounts in special granules of mast 

cells and basophils and released into the bloodstream in special reactions such as allergic reactions. 

Histamine binds to receptors on cellular membranes of cardiovascular system and various secretory glands. 

As a result of effects on suprarenal gland histamine can stimulate the heart, intestine, respiratory tract and 

both sensory and motor neurons and controls gastric secretion (Shalaby, 1996). The small amounts of 

histamine can be easily tolerated by the detoxification system which is composed of two distinct enzymes: 

diamine oxidase and histamine-N-methyl transferase. This detoxification system is adequbuate for normal 

dietary intakes of histamine. On the contrary histamine can lead to inflammatory diseases (Crohn’s disease, 

ulcerative colitis, colorectal neoplasms etc.) (Maintz and Novak, 2007; Ladero et al., 2010 a) or histamine 

poisoning (also known as scombroid poisoning due to is usually related to consumption of scombroid fish 

such as tuna or mackerel) whose characteristic symptoms are urticaria, edema, localized inflammation, 

nausea, vomiting, diarrhoea, abdominal cramps, hypotension and headheach etc. by the ingestion of food 

containing unusually high levels of histamine (Shalaby, 1996). Histamine intake ranged within 8-40 mg, 40-

100 mg, higher than 100 mg may cause slight, intermediate and intensive poisoning, respectively (Parente et 

al., 2001). Researches by several writers demonstrate that 75 mg of pure oral histamine triggers symptoms in 

50% of healthy females with no history of food intolerance. The most common amine reported causing 

poisoning and there by the most focused BA is histamine (Wöhrl et al., 2004; Alvarez et al., 2014).  

Tyramine from the vasoactive amines may occur food poisoning when reacts with a potentiating 

factor such as monoamine oxidase inhibitor (MAOI) drugs which are used for treatment of mental 

depressions. The detoxification effect of enzyme monoamine oxidase which plays a major role in 
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degradation of amines from food is eliminated by the use of MAOI. There by high concentrations of 

tyramine derived from foods were accumulated in the blood and lead the hypertension crises which are also 

known as the cheese reaction. According to some writers maximum allowable level of tyramine should be 

100-800 mg/kg, over 1080 mg/kg tyramine becomes toxic (Nout, 1994). According to researches, 

abnormally high levels of tyramine in the brain have been associated with depression, schizophrenia, 

Parkinson’s disease and Reye’s syndrome (Ladero et al., 2010 b). 

Secondary amines (putrescine and cadaverine) are also conserved as a possible mutagenic precurser 

and pose a potential health hazard from various species of animals to humans, due to some amines may be 

nitrosated or responsible for forming nitrosamines which are caused of rapidly divided cells and tissues such 

as tumor cells. There are evidences that putrescine could have a role in promoting the malignant 

transformation of cells. It has been demonstrated that dietary putrescine increases the malignancy grade of 

adenomas in murine models (Alvarez et al., 2014). N-nitrosamine which can be formed by the in vivo 

nitrosation of ingested amines under similar conditions of the stomach is the most known carcinogenic 

amine (Shalaby, 1996). Another mutagenic compound 3-diazotyramine which induced oral cavity cancer 

rats may be formed in stomach (37 oC, pH 1-2, 60 min.) by the incubation of tyramine and nitrite. Secondary 

amines such as agmatine which form the N-nitrosamine, and the polyamines (spermine and spermidine) 

occur widely in fish, meat and vegetable products (Smith, 1980; Shalaby, 1996). High levels of polyamines 

associate with tumor cells due to their role in the cell growth and proliferation. In colorectal cancer cells 

high levels of polyamine content has been determinated than normal tissue (Wallance and Caslake, 2001). 

Besides by the multiple abnormalities in the control of polyamine metabolism and intensely intake of 

polyamines might be caused of increased levels of polyamines in cancer cells. Drugs interfering with 

polyamine biosynthesis have potential as therapeutic agents (ornithine decarboxylase inhibitors, polyamine 

structural analogues and derivates). But the effects of these agents can be hindered by the uptake 

extracellular polyamines both, dietary and produced by gastrointestinal bacteria (Kalac and Krausova, 

2005).  Although cooking process of food enhances their formation, the other technological process of food 

such as salting and smoking induce nitrosamine formation due to free forms of nitrosamines in raw 

materials.  

Polyamine intake could also play a role in the sensitization to dietary allergens and oral acute or 

subacute toxicity. Although the acute toxicity was observed to be 2000, 600 and 600 mg kg-1 body weight 

for putrescine, spermidine and spermine, respectively in Wistar rats, determination of the exact toxicity of 

BAs in individuals is difficult due to the toxic dose is strongly dependent on the efficiency of the 

detoxification mechanisms of each individual (Halasz et al., 1994; Kalac and Krausova, 2005).  

Nevertheless, the most frequent risk of BA is that as the result of uncontrolled microbial activity they can 

accumulate in high concentrations in certain foods, exceeding the capacity of the detoxification mechanisms 

and thereby exerting their toxic effect on consumer of such contaminated foods (Kalac and Krausova, 2005). 

 

4. SURVEILLANCE OF BIOGENIC AMINES IN FOODS  

Surveillance of BA in foods has crucial importance both their potential toxicity and the possibility of 

using them as food quality markers. As a strategy to determination of BAs in foods several methods have 

been developed which are based on analytical or molecular tools. Among the analytical based methods, the 

Association of Official Agricultural Chemists (AOAC) procedure is the official methods which include 

homogenization with methanol, filtration, application to an anion exchange column and fluorescence 

measurement steps. Nevertheless the techniques based on fluorescence, numerous chromatographic 

techniques have been developed including thin-layer chromatography (TLC), gas chromatography (GC), 

high performance liquid chromatography (HPLC) and liquid chromatography (LC). The capillary 



European International Journal of Science and Technology                    Vol. 4 No. 6                  August, 2015 

 
 

85 

electrophoretic method (CE), the enzymatic methods including radioimmunoassay and enzyme-linked 

immunosorbent assay system (ELISA) have also been applied to detect histamine in foods owing to 

availability for rapidity of resulting and lower costs than other chromatographic techniques (Santos, 1996; 

Önal, 2007). The other method based on molecular tools is useful due to the being circumstances for the 

production of BAs in foods including presence of BA precursors (free amino acids and or proteins) and 

bacteria which can synthese amino acid decarboxylases and favorable conditions for their growth and 

decarboxylating activity. These procedures based on detection amino acid decarboxylase-positive 

microorganisms both involving in vitro differential growth media and specific PCR protocols for detection 

of gene-encoding decarboxylases (Coton and Coton, 2005; Ladente et al., 2007; Alvarez et al., 2014). Due to 

the amount and type of BA formed in foods are strongly influenced by the instrinsic parameters (pH, water 

activity, composition and microbiota) and extrinsic parameters (storage time, temperature and conditions), 

detection of BA-producing strains and the quantification and monitorization of amine production through 

the food chain, in raw materials, fermentation process and end products, has crucial importance (Ladente et 

al., 2007).  

 

5.  BIOGENIC AMINES IN FOODS 

Owing to all foods contain proteins and/or free amino acids, amines being considered as endogenous 

to food originating from plant matter such as fruits and vegetables. BAs are formed in other foods by the 

biochemical or microbial activity during aging and storage. Only if depends on the nature of the food, 

availability of free amino acids, and presence of the microorganisms, with amino acid decarboxylase 

enzyme, BAs are present in wide range of food products such as meat, fish, dairy products, wine, beer, 

fermented vegetables, fruits, nuts and chocolate in different amounts (Santos, 1996). Amino acid 

decarboxylases are present in many microorganisms of food concern. Many microorganisms have the 

capacity to produce BA, including gram positive and gram negative. Also, yeast seems to have great 

potential for the production of aliphatic amines (putrescine and cadaverine) in fermented food (Lineras et al., 

2011). They have been found in species of the genera Bacillus, Pseudomonas, Photobacterium, as well as in 

genera of the family Enterobacteriaceae, such as Citrobacter, Klebsiella, Escherichia, Proteus, Salmonella, 

and Shigella, and Micrococcaceae, such as Staphylococcus, Micrococcus and Kocuria.  In addition, many 

LAB (such as Lactobacillus, Enterococcus, Carnobacterium, Pediococcus, Lactococcus and Leuconostoc) 

are able to decarboxylate amino acids (Suzzi and Gardini, 2003; Russo et al., 2010). BAs are present in a 

wide range of food products including fish products, meat products, dairy products, wine, beer, vegetables, 

fruits, nuts and chocolate (Table 2). These are classified as non-fermented food and fermented food (Santos, 

1996).   

We focused on wine and cheese which are considered as fermented foods in present paper.   

 

5.1. Wine  

BA in wine may have two different sources: raw materials and fermentation process (Marques et al., 

2008). Histamine, tyramine and putrescine are the three main BAs associated with wine during the 

malolactic fermentation (MLF) (Coton et al., 2010, Garcia-Ruiz et al., 2011). These BAs are formed in 

wine-making mainly by LAB due to the decarboxylation of free amino acids (Garcia-Ruiz et al., 2011). On 

the contrary, some authors have argued that BAs are formed by yeast during alcoholic fermentation (AF). 

Many strains of yeast present in wines (Saccharomyces cerevisiae, Brettanomyces bruxellens, Kloeckera 

apiculata among others) can produce histamine, ethanolamine, agmatine, phenylethylamine and cadaverine 

(Prete et al., 2009). The evolution and presence, both qualitative and quantitative, of BAs in wines is still not 

well defined and, at times, there is a lack of agreement between the published results. At present, the 
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tendency is to accept the existence of MLF as one of the most important factors that determine their 

presence (Garcia-Marino et al., 2010).  

There are some other factors to determine BA in wine besides biological activity of the bacteria. One 

of these factors is pH. The acidity of wines tends to be lower and the pH is higher. Second factor is the 

number and type of bacterial microflora found in present during winemaking increases and with it the 

possibilities of formation of BAs. Another factor is the possible formation of BAs during the maturation and 

ageing of the wine. A progressive increase in the content of certain amines has been demonstrated during 

ageing, particularly of histamine, tyramine, putrescine and diaminbutane. Also, the content of the precursor 

amino acid, duration of the initial fermentation phase, period of the contact of must with grape skin, levels 

of sulfur dioxide, and duration of wine contact with yeast less are effective to determine BA in wine 

(Moreno-Arribas et al. 2003; Garcia-Marino et al., 2010).  

  The main histamine producers have been specified to belong to the species Oenococcus onei, 

Lactobacillus hildargii, Pediococcus damnosus and P. parvulus. O.onei is the genus best adapted to wine 

conditions (low pH, high ethanol content and low nutrient content) and is used as a starter in commercial 

winemaking to induce MLF in red and white wines (Hernandez-Orte et al., 2008). Putrescine has been 

determined to be produced mainly by O. onei as well as by L. hildargii. In wine, L. brevis, L. hildargii, L. 

plantarum and Leuconoctoc ssp. have all been described as tyramine producers (Cotton et al., 2010). 

Cadaverine, phenlyethyl-amine, isoamylamine can also be found in wine. Putrescine and cadaverine are 

normally associated with poor sanitary conditions of grapes. Also it is possible that this amine accumulates 

in the grapes, and consequently remains in the wine (Marques et al., 2008). To sum up, a lack of hygiene 

during the winemaking process or associated with poor sanitary conditions of grape are responsible for 

occurring of BA (Prete et al., 2009).   

The regulatory limits for BA in wines have not yet been established by “Organization International 

de la Vigne et du Vin (OIV). Because of that, some countries had create maximum limits for histamine 

content in wine (2 mg/L in Germany, 6 mg/L in Belgium, 10 mg/L in Switzerland and 4 mg/L in Holland). 

In general, the maximum limit of BA considered to be safe for consumers is 10 mg/L (Canas et al., 2008; 

Marques et al., 2008). The content of the BAs of white wines being smaller than that of red wines, which is 

between 0-130 mg/L (Garcia-Marino et al., 2010). Even though the amounts of BA in wine quite low in 

comparison to other fermented foods, the study of these compounds in wine particularly important because 

ethanol can enhance their toxic effects on human metabolism by inhibiting the amine-oxidases responsible 

for their catabolism (Rosi et al., 2009).    

Moreno-Arribas et al. (2003) were examined the occurrence of amino acid-decarboxylase activity of 

85 LAB strains representing nine species of LAB including commercial malolactic starter cultures, type 

strains and 78 strains isolated from Spanish grape must and wines. Tyramine, histamine and putrescine were 

determined by reverse-phase high performance liquid chromatography (RP-HPLC). They investigated that 

tyramine was the main amine formed by the LAB strains and also Leuconostoc strains were the most 

intensive tyramine formers. No potential to form BAs was observed in O. onei strains. In this study, they 

observed that two strains of Lactobacillus buchneri were associated with putrescine formation. In addition, 

none of the lactic acid bacteria produced histamine. According the in vitro results, the commercial starter 

bacteria analyzed did not produced tyramine, histamine and putrescine.   

36 samples of sherry wines were studied the presence and content of BAs by Moreno-Arribas and 

Polo, (2008).  BA forming strains were detected: two isolates of L. hildargii, three of L. zeae and one 

Leuconostoc mesenteroides in their study. They found that histamine, tyramine, putrescine and cadaverine 

were detected during the biological ageing process.  L. zeae was one of the predominant species in wines 

during the biological aging and seemed to be one of the main putrescine producers. Also, they emphasize 
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that tyramine and putrescine were produced by L. hildargii and Lc. mesenteroides respectively. Cadaverine 

and histamine were followed them. But they were not found to be produced by any of the bacterial groups 

studied under their conditions applied. They indicated that BA levels were found in the sherry-type wines, 

especially compared with red wines.   

Prete et al. (2009) studied to determine the role of grapes in the BA content of wine. They indicated 

that ethanolamine, ethylamine and putrescine was all present in grapes and, also without external microbial 

contamination some amines can appear in wine at the end of the AF and MLF as a consequence of the 

normal metabolic processes of yeast and bacteria.  They emphasized that grape variety was related to the 

presence of some BA in wines and that; climatic conditions also effect the accumulation of these compounds 

in grapes.   

810 LAB strains isolated from wine were screened for potential BA producers using multiplex and/or 

simplex PCR reactions targeting the tyrdc (tyrosine decarboxylase - production of tyramine), hdc (the 

production of histamine via histidine decarboxylase), agdi (the production of putrescine via 

agmatinediaminase) and odc genes (the production of putresin via ornithine decarboxylase) by Cotton et al., 

(2010). The study showed that 18 % of the tested strains were positive for at least one BA target gene in 

particular amongst L. brevis and L. hildargii isolates. They found that the agdi and tyrdc genes were 

frequently detected and often both carried by some strains. In addition, the odc and hdc gene pathways were 

instead only seldomly detected within a few LAB species. The presence of these genes could therefore be 

result of acquisitions by horizontal transfer events. In this study, the odc gene was the least detected genes 

(0.5%) and was associated with L. mali and O. onei . Only 2% hdc genes were observed and most hdc
+ 

strains detected by PCR belonged to O. onei species. The tyrdc gene was detected in 67 strains (8 %) 

encountered by L. brevis and L. hildargii. Also, they emphasize that the agdi gene was the most frequently 

detected in 14% of all LAB strains. The agdi positive strains were identified at the species level by an O. 

onei or a L. collinoides. On the contrary, L. plantarum and P. parvulus species, a large number of strains, 

carried only two the agdi gene. Surprisingly in this research, only one cadaverine-producer was detected. 

Martuscelli et al., (2013) were aimed to investigate the red, white and rose Abruzzo wines using their 

BAs content as an indicator of product and process quality. Out of 65 wine samples nine BAs were detected, 

identified and quantified.  Total BAs content was significantly higher in red wines (19.3 ± 12.8 mg/L) than 

in white (7.67 ± 3.84 mg/L) and rose (9.20 ± 6.34 mg/L). In their study, they indicate that significant 

differences in relationship among amines levels of red, rose and white wine are due to their different 

biotechnological process and winemaking. They detected putrescine in all the samples and its concentrations 

was much higher in red wines that in the rose and white wines. Researches in this study emphasized that the 

single amines significantly correlated with their sum were putrescine, histamine and tyramine, even if 

reached levels were below toxicity threshold, demonstrating a good quality of the wines of Abruzzo.          

 

5. 2.   Cheese 

Dairy products are often manufactured under controlled or poor hygiene conditions; in addition they 

are produced following different protocols, which can vary from one cheese maker to another. Cheese is one 

of the fermented foods most commonly associated with BA poisoning; indeed, the term “cheese reaction” is 

even used to refer to tyramine intoxication. 10 mg of histamine in 100 g of sample can cause histamine 

poisoning; 10-80 mg of tyramine can cause cheese reaction and 3 mg of 2-phenylethylamine can cause 

migraine headache. Histamine, tyramine, cadaverine, putrescine, tryptamine, and 2-phenylethylamine have 

been found in many different kinds of cheeses.  Not all amines are equally toxic, but these are of major 

concern (Herrero-Fresno et al., 2012).  The BA content of cheese can be extremely variable and depend on: 

(1) the type of cheese, (2) type of milk, (3) thermal treatment of cheese milk, (4) section of the cheese 
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(edge/core), (5) the ripening conditions, (6) post ripening processing, (7) type of packaging, (8) storage time 

and temperature, (9) microbiota responsible for cheese making, (10) availability of free amino acids, (11) 

pH, (12) water activity, (13) bacterial density, (14) synergistic effects between microorganisms and, 

primarily, (15) the presence of microorganisms possessing amino acid decarboxylase activity (Martuscelli et 

al., 2005;  Guarcello et al., 2015). Concentrations of over 1 g/kg have been reported in cheese, with tyramine 

and histamine the most commonly present and the most abundant of all BAs (Herrero-Fresno et al., 2012). 

Cheeses possess very rich, diverse and complex microbiota, mainly deriving from primary starter LAB and 

adventitious non-starter LAB. High cell densities of non-starter LAB are positively correlated with high 

content of BAs in cheeses. Generally, the concentrations of BAs is lower in short-ripened than in long 

ripened cheeses (Guarcello et al., 2015).  

Enterobactericeae are the main producers of cadaverine and tyramine formers and 

heterofermentative lactobacilli as the main histamine producers, but other genera of bacteria are also capable 

of forming BA in cheeses. The levels of decarboxylase-positive bacteria in cheeses can be reduced by means 

of milk hygienization procedures such as bactofugation, microfiltration and pasteurization (Lineras et al., 

2011; Calzada et al., 2015). Many microorganisms including gram positive and gram negative bacteria have 

the capacity to produce BA in cheese. Although yeast seems to have great potential for the production of 

putrescine and cadaverine, only a few Debaryomyces hansenii strains isolated from cheese actually seem 

able to produce histamine. Yarrowia lipolytica, Pichia jadinii and Geotrichum candidum are produced 

histamine, putrescine and tryptamine. Hafnia alvei, Escherichia coli, Klebsiella pneumonia and Serratia are 

able produce histamine. In addition, putrescine and cadaverine production has mainly been related to gram 

negative bacteria, especially Enterobacteriaceae. However gram positive bacteria are the main BA producer 

in cheeses, with LAB being the main histamine and tyramine producers. Enterococcus, Lactobacillus, 

Leuconostoc and Streptococcus have been described as BA producers (Linares et al., 2011).       

The formation of BAs during Feta cheese ripening was investigated for 4 mounts by Valsamaki et al., 

(2000). They found that tyramine and putrescine were the main BAs in mature samples, while tryptamine 

and phenlethylamine concentrations were very low all along ripening. Also, total amine content increased 

throughout ripening reaching, ~ 620 mg/kg at 102 days; the periods of major amine production were from 1 

to 15 days and from 60 to 120 days. They emphasized that low pH and high salt content of Feta cheese don’t 

create favorable conditions for amino acid decarboxylation, keeping the level of BAs relatively low in their 

study.                    

Martuscelli et al., (2005) studied to determine the evolution of BA in Pecorino Abruzzese cheese 

during manufacture and ripening period which prepared from raw milk without starter culture (A) and from 

pasteurized milk with added starter (B). At the end of ripening (after 60 days), the total BA contents of 

cheeses of batches A and B were 697 and 1086 mg/kg, respectively; but the dominant BA were different. 

They found that histamine, tyramine and putrescine were the major amines in ripened cheese of batch A (38 

%, 26 % and 9%, respectively), whereas in batch B phenylethylamine (28%), tyramine (23%), ethylamine 

(15%) and putrescine (15%) were the most abundant BA. Also they indicated that pasteurization did not 

reduce the quantity of tyramine in Pecorino Abruzzese. In addition, in the cheese produced from raw milk, 

BAs content reach its maximum after 60 days whereas in the cheese of batch B it reached its maximum 30 

days and decreased later. Qualitative tests indicated a large spread of BA-forming cultures among the 

members of the Enterobacteriaceae and LAB in this study. The results of observing differences among of 

levels of BA emphasize the need to improve the general hygienic conditions of Pecorino Abruzzese cheese 

manufacture and control the indigenous bacterial population.     

Content of BAs were evaluated within the ripening interval of 1-6 months in Dutch-type hard cheese 

using pasteurized milk and different starter cultures by Komprda et al., (2007). The differences between the 
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inner and the outer part were tested using cheeses. They found that higher tyramine content in the outer-part 

in comparison with the core was detected after 4 weeks of ripening. Also, similar results were found 

regarding sum of total BAs. In addition, substantially higher content of tyramine and the sum of BAs was 

found in the outer-part samples at the end of ripening. Putrescine and phenylethylamine contents were 

significantly higher like tyramine.          

Herrero-Fresco et al., (2012) aimed to research that LAB in different cheeses were identified, 

characterized and their ability to degrade BA degradation. In their work, they used samples of three cheeses 

with long ripening periods. The 157 isolates were tested their capacity to degrade histamine and tyramine by 

them. Seventeen isolates identified as Lactobacillus caseii were found that were able to degrade tyramine 

and histamine. Authors implied that the reduction of the histamine and tyramine concentrations observed in 

the presence of the L. caseii strains, together with the latters’ stable growth during ripening, suggested them 

as a suitable for use in cheese making as adjunct cultures to prevent histamine and tyramine accumulation.   

Twenty traditional Apulian and Sicilian cheeses were analyzed for their concentrations of eight BAs 

by Guarcello et al., (2015). They determined that the sum of cadaverine, histamine, putrescine and tyramine 

in cheeses was highly variable.  Overall, the number of Apulian cheeses containing high concentrations of 

tyramine and putrescine was higher than Sicilian cheeses, whereas the opposite was found for histamine. 

Tyramine was the only BA detected in all the cheeses in their research, although at extremely variable 

concentrations. In addition, although short-ripened (≤30 days) cheeses did not show significant BA 

concentrations, the only BA showing high positive correlation with time of ripening was histamine. Also, no 

cheeses showing toxic concentrations of at least one BA were ripened for less than 60 days. They 

emphasized that the amount of BAs increases as the time of ripening increases and fifty percent of the 

cheeses contained at least one BA at potentially toxic concentrations.                               

 

6. CONCLUSION  

In recent years, new trends in food safety together with the consumers’ demand for good quality and 

healthier products have encouraged the search for compounds with harmful repercussions on human health. 

Among them, the presence of BAs in fermented foods has received considerable interest. BAs are naturally 

occurring low molecular weight compounds involved in biological activities in most living organisms. BAs 

occur in different kinds of food, such as cheese, fish products, beer and wine. It is well known that 

consumption of food containing high amounts of BA may cause headaches, nausea, cardiac palpitations and 

digestive problems. The selection of starters without BA synthesis capability is an important means of 

reducing BA contents in fermented food including wine and cheeses.  
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Table 1. Biogenic amines in foods and their physiological and toxicological effects (adapted from Alvarez 

and Moreno-Arribas, 2014) 

 Biogenic amines Precursor Physiological effects Toxicological effects 

Histamine Histidine Neurotransmitter, local 

hormone, gastric acid secretion, 

cell growth and differentiation, 

regulation of circadian rhythm, 

body temperature, food intake, 

learning and memory, immune 

response, allergic reactions 

Headaches, sweating, burning nasal 

secretion, facial flushing, right red 

rashes, dizziness, itching rashes, 

oedema (eyelids), urticaria, difficulty 

in swallowing, diarrhea, respiratory 

distress, bronchospasm, increased 

cardiac output, tachycardia, 

extrasystoles, blood pressure 

disorders 

Tyramine Tyrosine Neurotransmitter, peripheral 

vasoconstriction, increase 

cardiac output, increase 

respiration, elevate blood 

glucose, release of 

norepinephrine 

Headaches, migraine, neurological 

disorders, nausea, vomiting, 

respiratory disorders, hypertension 

Putrescine and 

Cadaverine 

Ornithine 

and Lysine 

Regulation of gene expression, 

maturation of intestine, cell 

growth and differentiation 

Increased cardiac output, 

tachycardia, hypotension, 

carcinogenic effects 

 

Table 2. Bacteria isolated and amines found in several types of foods (adapted from Shalaby, 1996) 

Food Bacteria Isolated Amines found 

Fishes Morganella morganii, Klebsiella pneumonia, Hafnia 

alvei, Proteuys mirabilis, Proteus vulgaris, 

Clostridium perfringens, Enterobacter aerogenes, 

Vibro alginolytiens, Bacillus spp., Staphyloccus spp.  

Histamine, tyramine, cadaverine, 

putrescine, agmatine, spermine, 

spermidine 

Cheeses Lactobacillus buchnerii, L. bulgaricus, L. plantarum, 

L. caseii, L. acidophilus, L. arabinose, Streptococcus 

faecium, S. mitis, Bacillus macerans, 

Probionibacterium 

Histamine, tyramine, cadaverine, 

putrescine, β-phenylethylamine, 

typtamine 

Meat and meat 

products 

Pediococcus, Enterobactericeae, Lactobacillus, 

Pseudomonas, Streptococcus, Micrococcus   

Histamine, tyramine, cadaverine, 

putrescine, β-phenylethylamine, 

typtamine 

Fermented 

vegetables 

Lactobacillus plantarum, Pediococci ssp., 

Leuconostoc mesenteroides 

Histamine, tyramine, cadaverine, 

putrescine, typtamine 

Fermented soy 

products 

Rhizopus oligosporus, Trichosporon beiglii, 

Lactobacillus plantarum 

Histamine, tyramine, cadaverine, 

putrescine, typtamine 

 


