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Introduction
Biogenic amines (BA) are low molecular weight nitrogenous 
compounds which are essential for natural metabolic and 
physiological functions in living organisms. BA are produced 
as a result of amino acids metabolism or by some species of 
microorganisms [1,2]. Histamine, putrescine, cadaverine, 
tyramine, tryptamine, 2-phenylethylamine, spermine and 
spermidine are the major BA in foods  which are mainly produced 
by microbial decarboxylation of amino acids; or by amination and 
transamination of aldehydes and ketones [3]. For instance, the 
conversion of histidine resulted in histamine formation via histidine 
decarboxylase; lysine to cadaverine via lysine decarboxylase; 
tyrosine and phenylalanine by tyrosine decarboxylase to tyramine 
and phenylethylamine, respectively. For putrescine formation, 
there are two different pathways; the first is the conversion of 
ornithine to putrescine through ornithine decarboxylase and 
second, via deamination of agmatine [4]. Spermine and spermidine 
are polyamines derived from putrescine [5].

BA play essential roles in several cellular processes, such as 
regulation of cell growth, gene expression, intracellular signaling 
pathways, and tissue repair and regulation of body temperature, 
stomach pH or brain activity [6-8]. However, exposure to 
elevated concentrations may result in health risks like headache, 
anaphylaxis, nausea, hypertension, nervous symptoms, organ 
failure, renal intoxication, and death [9-11]. Ingestion of high 
levels of histamine is associated with the onset of histamine 
poisoning which is characterized by hypertension, flushing, 
tachycardia, and gastrointestinal symptoms; and tyramine which 
is associated with hypertensive crisis and cardiovascular symptoms 
[6]. The occurrence of gastrointestinal cancer cases was reported 

to link with cadaverine and putrescine after being converted 
by the bacteria in the digestive tract into stable carcinogenic 
N-nitroso compounds. Besides, it was reported that the presence 
of putrescine and cadeverine enhances histamine toxicity, and 
with nitrites and nitrates in foodstuff, they also form carcinogenic 
N-nitrosamines via histamine oxidizing enzymes inhibition. The 
amount and type of BA ingested, and the individual sensitivity 
and health status determines the degree of BA intoxication. A 
range of 750–900 mg/Kg total BA level was reported to cause 
toxicity [12-14].

On the other hand, BA were reported to be used as an indicator of 
quality and acceptability criteria in some foodstuff [3,15]. A microbial 
activity in food product could result in higher concentrations of 
BA, and consequently, these foods are harmful to the health of the 
consumers [16]. BA formation is certain in fermented food products 
such as cheese, wine and beer and also commonly produced in 
many ready-to-eat foods and fermented soybean pastes and soy 
sauces [17,18]. The availability of free amino acids, the presence of 
decarboxylase-positive microorganisms and conditions that allow 
bacterial growth, decarboxylase synthesis and activity food physic-
chemical parameters such as NaCl, pH and ripening temperature 
storage and distribution conditions manufacturing processes and 
manufacturing practices determines the presence and levels of BA 
in food products [19-23]. Certainly, the occurrence of BA seems to 
be quite common and inevitable in processed foods. Therefore, this 
review emphases on BA that can present in fresh and processed food 
products, its formation and biochemical properties, health benefits 
and toxicity, indicator as food quality and safety, production control 
and quantification techniques. 

Biogenic Amines in Raw and Processed Foods
BA might be commonly found in fresh and processed foods and 
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beverages. Researches revealed that BA are certainly present 
in grapes, raw meats and fresh milk [24-26]. A high amounts 
of spermidine, putrescine, and cadaverine have appeared in the 
seeds of grape berries and pericarp of berries during wine making 
process [27,28]. In fish, histamine is the most common type of 
BA formed due to the presence of bacteria on their gills, external 
surfaces, and in the gut of live fish. But, the lowest histamine level 
was reported in freshly caught fish, which is below 0.1 mg/100 g 
[29]. Nevertheless, exposure of fish to higher temperatures after 
fishing and before consumption may cause formation of histamine.

A range of from not detected to 200 mg/kg of putrescine has been 
found in fruits and nuts, with the highest levels reported in raw 
orange and orange juice, mandarin, grapefruit and its juice, banana, 
passion fruit, and pistachio and this variability might be due to the 
crop type, processing, transport and storage conditions [30-31]. 
An increase in putrescine content was noticed in different types 
of green leafy vegetables during storage at 5 °C and observed that 
there was a positive correlation between putrescine content and the 
total microorganism counts. Moreover, an increase in histamine 
content was observed in spinach samples which was stored over 
12–15 days at 6 °C [32]. This could be due to a relatively high 
pH of the vegetable which favored the growth of gram-negative 
bacteria.

Because several microorganisms are involved in the fermentation 
process and the raw materials contain considerable amounts of 
proteins, fermented foods and beverages are more susceptible to 
formation of biogenic amines [3]. Several BA are often detected 
in fermented products [33].  For instance, a study revealed that a 
significant concentrations of putrescine and cadaverine detected 
in fermented meat and fish [34,35]. In addition, the level of BA 
in alcoholic beverages such as wine and beer has received much 
attention since ethanol and acetaldehyde could retard the enzymes 
responsible for detoxification and increase the risk to human 
health [36]. A range of 25 mg/Kg to 69 mg/Kg for total biogenic 
amine contents and 13 mg/Kg to 65 mg/Kg for tyramine content 
in Boza, a traditional fermented Turkish beverage [37]. Moreover, 
tyramine was remarked as the most abundant amine found in 
fermented sausages [38].

Fermented foods, for example cheese, wine, and spiced sausage 
were found to have histamine and tyramine in high concentrations.  
Ripening of cheese for 15 days showed a significant increment 
in BA content. During cheese ripening, the caseins are broken 
down by the action of the proteases and peptidases present in the 
cheese, eventually giving an increment of precursors of amines. 
For putrescine and cadaverine, respectively a values of 579.60 
and 1302.86 mg/Kg reported and another study reported a range 
of 9.9 to 394 mg/Kg and 26.8 to 276.1 mg/Kg in samples of 
Italian cheese called Pecorino. However, tyramine was found 
at high concentration, representing more than 40% of the total 
amines [39-43].

It has been reported that the grape variety, soil composition and 
fertilization, winemaking process, microbial populations and wine 
oenological treatments might varied the amount of BA present in 
wines [19]. A range of few milligrams per liter to about 50 mg/L 
of total concentration of BA in red wines has been reported [20]. 
Red wines contain higher amounts of BA than white wines due to 
higher pH and the occurrence of malolactic fermentation which 
is much less common in white wines [19]. A values of 394, 263, 
and 382 mg/Kg were reported for histamine content in samples 
of fish sauce, fish paste, and shrimp paste, respectively [44]. The 
histamine content of 15.74–28.70 mg/Kg for Spanish mackerel, 

26.95 mg/Kg for canned anchovies, 22.38 mg/kg for canned 
sardines, and less than 10 mg/Kg for other canned samples tested 
[45]. A histamine content of 155–579 mg/Kg in fermented fish 
products made from anchovies whereas Huang et al. reported 
a range of 63.1–479.0 mg/Kg histamine in dried fish products 
[46,47].

Table 1: The Maximum Allowable Level of Bas in Some Food 
Products

Biogenic amines Type of food 
products

Max. 
permissible 

level 
(mg/Kg, mg/L)

Reference

Histamine Fish and fish 
products

Fish sauce

Alcoholic 
beverages
Any food

50
50-200

200
400

2

100

FDA, 2011 [42]
Shalaby, 1996 [3] 
WHO, 2013; [51]
Codex, 2012 [52]

Codex, 2012

Tyramine Fish 100 FDA, 2011 [42]

Any food 100-800 Nout, 1994 [49]

Putriscine Sauerkraut 140 Rauscher-
Gabernig et al., 

2012   [53]

Fish  170

Cheese 180

Fermented 
sausages

360

Seasonings  510

Cadaverine Sauerkraut 430 Rauscher-
Gabernig et al., 

2012   [53]

Fish  510

Cheese 540

Fermented 
sausages

1080

Seasonings  1540

β-phenylethylamine Any food 30 ten Brink et al, 
1990   [48]

Total BAs Fish 1000 FDA, 2011  [42]

Any food 750 Ladero et al.,               
2010   [14]

Biochemical Properties and Formation of Biogenic Amines
As it has been discussed earlier elsewhere in the introduction 
section of this review, amines are basic nitrogenous compounds 
in which one, two, or three atoms of hydrogen in ammonia are 
replaced by alkyl or aryl groups. To highlight, the formation of BA 
occurs via decarboxylation, transamination, reductive amination, 
and degradation of certain precursor amino compounds [55] 
(Figure 1). Researches shows numerous factors could influence 
BA formation and can be divided into three main groups, namely 
raw materials composition, microorganisms causing decarboxylase 
activity, and processing and storage conditions [6,54,56]. The 
combined effects of these factors determine the final concentration 
of BA in food. Naturally, foods may contain free amino acids or the 
free amino acid may be liberated by proteolysis during processing 
and/or storage. The decarboxylase-producing microorganisms 
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could be part of the associated flora of a food or may be introduced by contamination before, during or after processing. BA formation 
depends on the availability of the free amino acids and the environmental conditions which favor the decarboxylation activity [57]. 
The starter cultures applied to the foods and beverages for fermentation could contribute to the production of biogenic amines in the 
case of fermented foods and beverages [58].

Figure 1: The Main Enzymatic Reactions for the Production of Bas

As it is shown in Figure 2, the names of BA originated from its corresponding amino acid. Histidine, tyramine, tryptamine, and 
β-phenylethylamine are formed by decarboxylation of histidine, tyrosine, tryptophan, and phenylalanine, respectively. By arginine 
decarboxylase enzyme, arginine can be converted to agmatine or can be degraded by arginase to ornithine from which by decarboxylation 
putrescine is formed. By lysine decarboxylase lysine is decarboxylated into cadaverine, and when the content of lysine content is 
high and ornithine is low, it can also be produced by ornithine decarboxylase [59]. Spermine derives from spermidine, which comes 
from putrescine by spermine synthase and spermidine synthase, respectively.

Figure 2: Biogenic Amines Formation and Factors Influencing Its Formation
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According to its chemical structure, BA can be classified as aliphatic 
(putrescine, cadaverine, spermine, and spermidine); aromatic 
(tyramine and phenylethylamine); and heterocyclic (histamine 
and tryptamine). Besides, based on the number of amine groups 
it can also be classified into monoamines (phenylethylamine and 
tyramine), diamines (cadaverine and putrescine), or polyamines 
(spermidine and spermine) [18].  

Effect of Fermentation on the Ba Content of Foods
In the history of food processing and preservation technologies, 
fermentation particularly microbial fermentation is one of the 
oldest and most practical. Fermentation of fish, meat, and soybean 
which are protein-rich raw materials commonly provides abundant 
precursor amino acids for BA. Dairy products commonly contain 
histamine, tyramine, putrescine, and cadaverine. In cheeses, the 
presence of free amino acids decarboxylating microorganisms 
and the synergistic effects of microorganisms and free amino 
acids, pH, salt, and ripening temperature were factors reported to 
affect the production of biogenic amines. Similarly, wine contains 
histamine, tyramine and putrescine in higher concentrations in 
wine, but cadaverine, phenylethylamine and isoamylamine in 
smaller amounts [60-63].

Biological Importance of Biogenic Amines
BA are endogenous and indispensable components of living cells, 
and therefore fruits, vegetables, and grains contain different levels 
depending on their variety, maturity and cultivation condition [64]. 
Because human intestinal monoamine oxidase (MAO), diamine 
oxidase (DAO) and polyamine oxidase (PAO) quickly metabolize 
and detoxify the BA, its usual ingestion generally causes no 
adverse reactions.

BA have an important biological roles for the synthesis of 
hormones, alkaloids, nucleic acids, and proteins, and in the human 
nervous system as neurotransmitter and the cardiovascular system 
in controlling blood pressure, and play a significant role in the 
regulation of body temperature and digestion [3,65,66]. For 
example, in regulating nucleic acid function, protein synthesis, and 
the stabilization of membranes putrescine, spermidine, spermine, 
and cadaverine are essential [67]. Spermine and spermidine are 
involved in the regulating DNA transcription, RNA translation, 
cell growth and proliferation, protein biosynthesis, the modulation 
of kinase activity, the activity of ion channels, apoptosis, and in 
adjusting the immune response. In addition, BA play a role in 
the growth, maturation, and regeneration of intestinal cells, and 
possess potent antioxidant activity at physiological concentrations, 
preventing the damage of cell membranes and DNA [68,69].

Biogenic Amines as an Indicator of Food Quality and Food 
Safety
The presence and an increase of BA in foods is a concern to food 
quality and safety, as it serve as a useful indicator of food spoilage 
[57].  The biogenic amines index (BAI) and quality index (QI) have 
been used to evaluate the freshness/spoilage of meat products [70]. 
BAI is the sum of histamine, putrescine, cadaverine and tyramine, 
and QI is the ratio of (histamine + putrescine + cadaverine) and 
(1 + spermidine + spermine). Individual BA or a combination 
of various amines, have likewise been used as a quality index 
[71-73]. In foods such as meat, fish, and wines BA have been 
frequently employed as quality indexes to signal foods degree of 
freshness or deterioration. For instance, in meat and meat products 
the level of BA has been used as a quality index of undesirable 
microbial activity  as well as for a good manufacturing practice 
judgment [74,75]. 

Among the amines, cadaverine was reported to be a reliable 
spoilage indicator of poultry meat whereas histamine has been 
observed as an index of the fish quality, primarily dark-muscle 
fish [76-78]. Total biogenic amines content in food considered as 
dangerous is 1000 mg/Kg [6]. Shalaby suggested levels of few 
amines as parameters for the evaluation of good manufacturing 
practices (GMP): tyramine 100-800 mg/Kg, histamine 50-100 mg/
Kg, phenylethylamine <30mg/Kg, while Eerola et al. proposed that 
the sum of tyramine, histamine, tryptamine, phenylethylamine as a 
possible indicator of hygienic conditions and good manufacturing 
practices in the sausage production, which should not exceed 200 
mg/Kg [3,79].

The level of amines naturally present in grapes are an important 
quality and safety parameter in wines. The quantity of BA in 
the wine is closely related to the microbiota that the amino 
acid composition of the wine, and the metabolism of yeast and 
bacteria [80,81]. During secondary fermentation, BA in wines is 
significantly increased by lactic acid bacteria.

Toxicity of Biogenic Amines
A small concentration of BA in food are not considered as a serious 
risk. However, they may cause pharmacological, physiological 
and toxic effects when consumed in large quantity. This might be 
due to the over-saturation of amine-metabolizing enzymes and/or 
the impaired metabolic activity by specific inhibitors. Histamine, 
tyramine and β-phenylethylamine may cause food intoxication and 
in turn be considered to be toxic substances in humans. Despite the 
fact that most fermented foods have been found to be beneficial 
to human health, BA produced through fermentation may cause 
intoxication [82]. Common forms of allergy-like symptoms such as 
tingling and burning sensations around the mouth, facial flushing, 
sweating, nausea, vomiting, headache, palpitations, dizziness, and 
rash are reported to be an indicator for the toxicity of BA [14].

Due to the effects and functions of histamine in various organs and 
systems of the body, the symptoms of histamine intolerance are 
many and highly variable. Its symptom ranges from gastrointestinal 
(abdominal pain, diarrhea, vomiting), dermatological (urticaria, 
dermatitis, or pruritus), respiratory (rhinitis, nasal congestion, 
and asthma) to cardiovascular (hypotonia and arrhythmias), 
and neurological (headaches), and sometimes more than one 
disorder could occur simultaneously [83,84]. Research revealed 
that tyramine could cause food intoxication in ripened cheeses 
affecting health due to its capacity to potentiate sympathetic 
cardiovascular activity by releasing noradrenaline, called cheese 
reaction [85-87]. On the other hand, the administration of spermine 
and spermidine in animals resulted in an acute decrease in blood 
pressure, respiratory symptoms, and nephrotoxicity [68]. In 
addition, they also involved in carcinogenesis, tumour invasion, 
and metastasis [69]. 

Normally, BA are metabolised in the intestinal tract by the 
activities of enzymes. However, the toxicity of BA is subject on the 
affectivity of detoxification of individuals. Alcohol, acetaldehyde 
and anti-depressive drugs may interfere with the amino oxidase 
enzymes activities [48]. Histamine metabolism can be inhibited 
by tyramine, putrescine and cadaverine by competing for binding 
sites in the gastrointestinal tract or by saturating the activity of 
mono- or diamine oxidases [88].

Tyramine levels of 100-800 and 30 mg/Kg of β-phenylethylamine 
have been reported to be toxic in foods [48]. A total BA level of 
1,000 mg/Kg in food is considered to be harmful to human health. 
Histamine intake higher than 100 mg/Kg may cause intensive 
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poisoning [89]. Til et al. observed the oral toxicity levels for 
putrescine, spermine, and spermidine were 2000, 600, and 600 
ppm, respectively in rats fed a mixture of cereal based diet with 
BA [90]. But, ingesting greater than 2000 ppm of tyramine and 
cadaverine could cause acute toxicity. Studies have identified that 
histamine is the cause of scombroid food poisoning [91]. 

BA Production Control Mechanisms
BA production can be monitored by several techniques. Hindering 
microbial growth or inhibiting the decarboxylase activity of 
microbes is a major method through which BA formation can 
be controlled. In most cases, formation of BA is temperature 
dependent and is the most important factor contributing to its 
formation [92]. Therefore, for stored foods strict adherence to 
the cold chain is crucial [93]. Research revealed that BA forming 
bacteria such as Morganella morganii and Proteus vulgaris in 
skipjack tuna (Katsuwonus pelamis) were inhibited through 
chilling [94]. For example, yellowfin tuna stored at 0 °C and 22 
°C up to 9 days, showed an increase in histamine of 15 ppm at 0 
°C and 4500 ppm at 22 °C [95]. Preserving with NaCl and other 
additives may influence the variation of microbiota composition 
[96]. Moreover, advanced techniques such as vacuum and modified 
atmosphere packagings represent popular preservation methods 
which may prolong the lag phase of microorganisms with amino 
acid decarboxylase activity [92]. Nieto-Arribas et al. reported that 
BA accumulation in food can be inhibited by using high quality 
raw material, controlled temperature, and amine-negative starter 
cultures [97]. A non- significant change was observed by boiling 
as BA are heat stable compounds [98,99]. Furthermore, the use 
of plant extracts in various foods and beverages contributes to a 
reduction of BAs. A study demonstrated that grape seed extract 
had a powerful effect on reduction of total BA content of tarhana, 
a traditional cereal based fermented food produced from cereal 
flours, yoghurt, vegetables, yeast and spices by lactic acid and 
yeast fermentation [100].

BA Quantification Techniques
For detection and quantification of BAs in foods various analytical 
methods which have a difference in sensitivity, selectivity, and ease 
of sample preparation, speed of separation and cost of analysis 
are used. Some of them are gas chromatography, reversed phase 
HPLC or HPLC equipped with fluorescence or ultraviolet (UV) 
detector, capillary electrophoresis (CE), enzymatic methods 
and immunoassays [17,101-103] . However, as both HPLC and 
CE derivatization step is time consuming and may reduce the 
accuracy of measurements, the use of ultra-high performance 
liquid chromatography (UHPLC) markedly reduced the elution 
times of BAs compared to the separation times of HPLC [104]. 
CE is a good alternative to HPLC and UHPLC as it provides 
the same high speed separations as UHPLC and has additional 
high separation efficiency and low running costs. Recently, a 
combination of laser-induced fluorescence detector (LIF) detector 
with CE separations have provided remarkable improvements in 
the sensitivities of CE analysis for BAs [10,107].

Conclusion
BAs naturally exist on raw foods even though the concentration is 
low enough compared to fermented foods. Processed food is more 
susceptible to contamination by BA-producing microorganisms 
at different points of the food chain. High levels of BAs can 
be prevented through the application of good hygiene practices 
and proper temperatures during handling, delivery and storage. 
It is important to control and monitor biogenic amines not only 
for toxicological and health reasons as mentioned above, but 
also because they may play an important role as quality and/or 

acceptability indicators in some foods, and managing this quality 
is also a way to guarantee and ensure food safety.

Conflict of Interest
The author declares no conflict of interest.

References
1. Shah P, Swiatlo E (2008) A multifaceted role for polyamines 

in bacterial pathogens. Mol Microbiol 68: 4-16.
2. Wunderlichová L, Buňková L, Koutný M, Jančová P,  Buňka 

F (2014) Formation, degradation, and detoxification of 
putrescine by foodborne bacteria: a review. Comprehensive 
Reviews in Food Science and Food Safety 13: 1012-1030.

3. Shalaby AR (1996) Significance of biogenic amines to food 
safety and human health. Food research international 29:  
675-690.

4. Moinard C, Cynober L, de Bandt JP (2005) Polyamines: 
metabolism and implications in human diseases. Clinical 
Nutrition 24: 184-197.

5. Larqué E, Sabater-Molina M, Zamora S (2007) Biological 
significance of dietary polyamines. Nutrition 23: 87-95.

6. Benkerroum N (2016) Biogenic amines in dairy products: 
origin, incidence, and control means. Compr Rev Food Sci 
Food Saf 15: 801-826.

7. Galgano F, Caruso M, Condelli N, Favati F (2012) Focused 
review: agmatine in fermented foods. Front Microbiol 3: 199.

8. Smit AY, Du Toit WJ, Du Toit M (2008) Biogenic amines in 
wine: understanding the headache. South African Journal of 
Enology and Viticulture 29: 109-127.

9. Medina MÁ, Urdiales JL, Rodríguez-Caso C, Ramírez FJ, 
Sánchez-Jiménez F (2003) Biogenic amines and polyamines: 
similar biochemistry for different physiologicalmissions and 
biomedical applications. Crit Rev Biochem Mol Biol 38: 
23-59.

10. Hlabangana L, Hernández-Cassou S, Hlabangana JS (2006) 
Determination of biogenic amines in wines by ion-pair 
liquid chromatography and post-column derivatization 
with 1,2-naphthoquinone-4-sulphonate. Journal of 
Chromatography a 1130: 130-136.

11. Manetta AC, Di Giuseppe L, Tofalo R, Martuscelli M, 
Schirone M, et al. (2016) Evaluation of biogenic amines in 
wine: determination by an improved HPLC-PDA method. 
Food Control 62:  351-356.

12. Emborg J, Dalgaard P (2006) Formation of histamine and 
biogenic amines in cold-smoked tuna: an investigation of 
psychrotolerant bacteria from samples implicated in cases of 
histamine fish poisoning. Journal of food protection 69: 897-906. 

13. Al Bulushi I, Poole S, Deeth HC, Dykes GA (2009) Biogenic 
amines in fish: roles in intoxication, spoilage, and nitrosamine 
formation: a review. Crit Rev Food Sci Nutr 49: 369-377. 

14. Ladero V, Calles-Enríquez M, Fernández M, A Alvarez M 
(2010) Toxicological effects of dietary biogenic amines. 
Current Nutrition & Food Science 6: 145-156.

15. Alvarez MA, Moreno-Arribas MV (2014) The problem of 
biogenic amines in fermented foods and the use of potential 
biogenic amine-degrading microorganisms as a solution. 
Trends Food Sci Technol 39: 146-155.

16. Bardocs S (1995) Polyamines in food and their consequences 
for food quality and human health. Trends Food Sci Technol 
6: 341-346.

17. Erim FB (2013) recent analytical approaches to the analysis 
of biogenic amines in food samples. TrAC Trends Anal Chem 
52: 239-247. 

18. Spano G, Russo P, Lonvaud-Funel A, Lucas P, Alexandre H, 
et al. (2010) Biogenic amines in fermented foods. European 

    Volume 4(3): 5-8



Citation: Fikiru Dasa, Wabi Bejo, Tseganesh Abdo (2022) Importance and Toxicity of Biogenic Amines in Fresh and Processed Foods. Journal of Food Technology & 
Nutrition Sciences. SRC/JFTNS/161. DOI: doi.org/10.47363/JFTNS/2022 (4)147

J Food Tech Nutri Sci, 2022

journal of clinical nutrition 64: S95-S100.
19. Anli RE, Bayram M (2008) Biogenic amines in wines. Food 

Reviews International 25: 86-102. 
20. Beneduce L, Romano A, Capozzi V, Lucas P, Barmavon L, 

et al. (2010) Biogenic amines in wine. Annual Microbiology 
60: 573-578.

21. Linares DM, Del Río B, Ladero V, Martínez N, Fernández M, 
et al. (2012) Factors influencing biogenic amines accumulation 
in dairy products. Frontiers in microbiology 3: 180.

22. Komprda T, Neznalova J, Standara S, Bover-Cid S (2001) 
Effect of starter culture and storage temperature on the content 
of biogenic amines in dry fermented sausage poličan. Meat 
Science 59: 267-276.

23. De Las Rivas B, Gonzalez R, Landete JM, Munoz R (2008) 
Characterization of a second ornithine decarboxylase isolated 
from Morganella morganii. Journal of food protection 71: 
657-661.

24. Sass-Kiss A, Szerdahelyi E, Hajos G, (2000) Study of 
biologically active amines in grapes and wines by HPLC. 
Chromatographia 51: S316-S320.

25. Hernandez-Jover T, Izquierdo-Pulido M, Veciana-Nogue´s 
MT, Marine´-Font A, Vidal-Carou MC (1997) Biogenic amine 
and polyamine contents in meat and meat products. J. Agr. 
Food Chem 45: 2098-2102.

26. Novella-Rodrı´guez S, Veciana-Nogue´s MT, Roig-Sague´s 
AX, Trujillo-Mesa AJ, Vidal-Carou MC (2004) Evaluation 
of biogenic amines and microbial counts throughout the 
ripening of goat cheeses from pasteurized and raw milk. J. 
Dairy Res 71: 245-252.

27. Kiss J, Korbasz M, Sass-Kiss a (2006) Study of amine 
composition of botrytized grape berries. J. Agr. Food Chem 
53: 8909-8918. 

28. Glo´ria MBA, Watson BT, Simon-Sarkardi L, Daeschel MA 
(1998) A survey of biogenic amines in Oregon Pinot noir and 
Cabernet sauvignon wines. Am. J. Enol. Vitic 49: 279-282. 

29. Auerswald L, Morren C, Lopata AL (2006) Histamine levels 
in seventeen species of fresh and processed South African 
seafood. Food Chemistry 98: 231-239.

30. Preti R, Bernacchia R, Vinci G (2016) Chemometric 
evaluation of biogenic amines in commercial fruit juices. 
European Food Research and Technology 242: 2031-2039.

31. Kalač P, Křı́žek M, Pelikánová T, Langová M, Veškrna O 
(2005) Contents of polyamines in selected foods. Food 
Chemistry 90: 561-564. 

32. Lavizzari T, Veciana-Nogués MT, Weingart O, Bover-Cid S, 
Mariné-Font A, et al. (2007) Occurrence of biogenic amines 
and polyamines in spinach and changes during storage under 
refrigeration. Journal of agricultural and food chemistry 55: 
9514-9519. 

33. Pircher A, Bauer F, Paulsen P (2007) Formation of cadaverine, 
histamine, putrescine and tyramine by bacteria isolated from 
meat, fermented sausages and cheeses. European Food 
Research and Technology 226: 225-231.

34. Byun BY, Bai X, Mah JH (2013) Occurrence of biogenic 
amines in Doubanjiang and Tofu. Food Science and 
Biotechnology 22: 55-62.

35. Ozogul Y, Durmus M, Kuley Boga E, Uçar Y, Ozogul F (2018) 
the function of emulsions on the biogenic amine formation 
and their indices of sea bass fillets (Dicentrarchus Labrax) 
stored in vacuum packaging. Journal of food science 83: 
318-325.

36. Almeida C, Fernandes JO, Cunha SC (2012) A novel 
dispersive liquid–liquid microextraction (DLLME) gas 
chromatography-mass spectrometry (GC–MS) method for 
the determination of eighteen biogenic amines in beer. Food 

Control 25: 380-388.
37. Yeğin S, Üren A (2008) Biogenic amine content of boza: A 

traditional cereal-based, fermented Turkish beverage. Food 
Chemistry 111: 983-987.

38. Tasić T, Ikonić P, Mandić A, Jokanović M, Tomović V, et 
al.(2012) Biogenic amines content in traditional dry fermented 
sausage Petrovská klobása as possible indicator of good 
manufacturing practice. Food Control 23: 107-112.

39. JE Stratton, RW Hutkins, SL Taylor (1991) Biogenic amines 
in cheese and other fermented foods: a review. J. Food. Prot 
54: 460-470.

40. Ordonez AI, Ibanez FC, Torre P, Barcina Y (1997) Formation 
of biogenic amines in Idiazabal ewe’s-milk cheese: effect 
of ripening, pasteurization, and starter. Journal of Food 
Protection 60:  1371-1375.

41. Mascaro N, Stocchi R, Ricciutelli M, Cammertoni N, Renzi 
F (2010) Biogenic amine content and chemical and physical 
features of italian formaggio di Fossa. Italian Journal of Food 
Safety 49-53.

42. Food and Drug Administration (2011) Fish and fishery 
products hazards and controls guidance. US Department of 
Health and Human Services Food and Drug Administration 
Center for Food Safety and Applied Nutrition.

43. Schirone M, Tofalo R, Mazzone G, Corsetti A, Suzzi G 
(2011) Biogenic amine content and microbiological profile 
of Pecorino di Farindola cheese. Food Microbiology 28: 
128-136.

44. Tsai YH, Lin CY, Chien LT, Lee TM, Wei CI, et al.(2006) 
Histamine contents of fermented fish products in Taiwan 
and isolation of histamine-forming bacteria. Food Chemistry 
98: 64-70.

45. Zhai H, Yang X, Li L, Xia G, Cen J, et al. (2012) Biogenic 
amines in commercial fish and fish products sold in southern 
China. Food Control 25: 303-308.

46. Mah JH, Han HK, Oh YJ, Kim MG, Hwang HJ (2002) 
Biogenic amines in Jeotkals, Korean salted and fermented 
fish products. Food Chemistry 79: 239-243.

47. Huang YR, Liu KJ, Hsieh HS, Hsieh CH, Hwang DF, et al. 
(2010) Histamine level and histamine-forming bacteria in 
dried fish products sold in Penghu Island of Taiwan. Food 
Control 21: 1234-1239.

48. Brink B, Damink C, Joosten HMLJ, Huis in t’Veld JHJ (1990) 
Occurrence and formation of biologically active amines in 
foods. International Journal of Food Microbiology 11: 73-84.

49. Nout MJR (1994) Fermented foods and food safety. Food 
Research International 27: 291-298.

50. U.S. Food and Drug Administration (FDA) (2011) Fish and 
Fishery Products Hazards and Controls Guidance, 4th ed.; 
Center for Food Safety and Applied Nutrition: Rockville, 
MD, USA.

51. World Health Organization (2013) Joint FAO/WHO expert 
meeting on the public health risks of histamine and other 
biogenic amines from fish and fishery products: meeting 
report.

52. Codex (2012) Discussion paper histamine. In Joint FAO/
WHO Food Standards Programme, Codex Committee on 
Fish and Fishery Products, Thirty-Second Session (CX/FFP 
12/32/14), Bali, Indonesia, 1-5.

53. Rauscher-Gabernig E, Gabernig R, Brueller W, Grossgut 
R, Bauer F, et al.(2012) Dietary exposure assessment of 
putrescine and cadaverine and derivation of tolerable levels in 
selected foods consumed in Austria. European Food Research 
and Technology 235: 209-220.

54. Kim MK, Mah JH, Hwang HJ (2009) Biogenic amine 
formation and bacterial contribution in fish, squid and 

    Volume 4(3): 6-8



Citation: Fikiru Dasa, Wabi Bejo, Tseganesh Abdo (2022) Importance and Toxicity of Biogenic Amines in Fresh and Processed Foods. Journal of Food Technology & 
Nutrition Sciences. SRC/JFTNS/161. DOI: doi.org/10.47363/JFTNS/2022 (4)147

J Food Tech Nutri Sci, 2022

shellfish. Food Chemistry 116: 87-95.
55. Sebastian P, Herr P, Fischer U, König H (2011) Molecular 

identification of lactic acid bacteria occurring in must and 
wine. South African Journal of Enology and Viticulture 32: 
300-309.

56. Gardini F, Özogul Y, Suzzi G, Tabanelli G, Özogul F (2016) 
Technological factors affecting biogenic amine content in 
foods: a review. Frontiers in Microbiology 7: 1218.

57. Russo P, Spano G, Arena MP, Capozzi V, Grieco F, et al.(2010) 
Are consumers aware of the risks related to biogenic amines 
in food. Current research, technology and education topics in 
applied microbiology and microbial biotechnology 2: 1087-
1095.

58. Stadler RH, Lineback DR (2008) Process-induced food 
toxicants: occurrence, formation, mitigation, and health risks. 
John Wiley & Sons.

59. Løvaas E (1991) Antioxidative effects of polyamines. Journal 
of the American Oil Chemists’ Society 68: 353-358.

60. Gennaro MC, Gianotti V, Marengo E, Pattono D, Turi RM 
(2003) A chemometric investigation of the effect of the 
cheese-making process on contents of biogenic amines in a 
semi-hard Italian cheese (Toma). Food Chemistry 82: 545-
551.

61. Martuscelli M, Gardini F, Torriani S, Mastrocola D, Serio 
A, et al. (2005) Production of biogenic amines during the 
ripening of Pecorino Abruzzese cheese. International Dairy 
Journal 15: 571-578.

62. Gardini F, Martuscelli M, Caruso MC, Galgano F, Crudele 
MA, et al. (2001) Effects of pH, temperature and NaCl 
concentration on the growth kinetics, proteolytic activity 
and biogenic amine production of Enterococcus faecalis. 
International journal of food microbiology 64: 105-117.

63. Leitao MC, Marques AP, San Romao MV (2005) A survey 
of biogenic amines in commercial Portuguese wines. Food 
control 16: 199-204.

64. Halász A, Baráth Á, Simon-Sarkadi L,  Holzapfel W (1994) 
Biogenic amines and their production by microorganisms in 
food. Trends in Food Science & Technology 5: 42-49.

65. Bouchereau A, Guénot P, Larher F (2000) Analysis of amines 
in plant materials. Journal of Chromatography B: Biomedical 
Sciences and Applications 747: 49-67.

66. Jansen SC, van Dusseldorp M, Bottema KC, Dubois AE 
(2003) Intolerance to dietary biogenic amines: a review. 
Annals of Allergy, Asthma & Immunology 91: 233-241.

67. Santos MHS (1996) Biogenic amines: their importance in 
foods. International Journal of Food Microbiology 29: 213-
231.

68. Pegg AE (2013) Toxicity of polyamines and their metabolic 
products. Chemical research in toxicology 26: 1782-1800.

69. Ramani D, De Bandt JP, Cynober L (2014) aliphatic 
polyamines in physiology and diseases. Clinical nutrition 
33: 14-22.

70. Veciana-Nogués MT, Mariné-Font A, Vidal-Carou MC 
(1997) Biogenic amines as hygienic quality indicators of 
tuna. Relationships with microbial counts, ATP-related 
compounds, volatile amines, and organoleptic changes. 
Journal of Agricultural and Food Chemistry 45: 2036-2041.

71. Ruiz-Capillas C, Carballo J, Colmenero FJ (2007) Biogenic 
amines in pressurized vacuum-packaged cooked sliced ham 
under different chilled storage conditions. Meat science 75: 
397-405.

72. Vinci G, Antonelli ML (2002) Biogenic amines: quality index 
of freshness in red and white meat. Food control 13: 519-524.

73. Triki M, Herrero AM, Jiménez-Colmenero F, Ruiz-Capillas C 

(2018) Quality assessment of fresh meat from several species 
based on free amino acid and biogenic amine contents during 
chilled storage. Foods 7: 132.

74. Lu S, Xu X, Zhou G, Zhu Z, Meng Y, et al. (2010) Effect of 
starter cultures on microbial ecosystem and biogenic amines 
in fermented sausage. Food Control 21: 444-449.

75. Latorre-Moratalla ML, Veciana-Nogués T, Bover-Cid S, 
Garriga M, Aymerich T, et al. (2008) Biogenic amines in 
traditional fermented sausages produced in selected European 
countries. Food Chemistry 107: 912-921.

76. Balamatsia CC, Paleologos EK, Kontominas MG, Savvaidis 
IN (2006) Correlation between microbial flora, sensory 
changes and biogenic amines formation in fresh chicken meat 
stored aerobically or under modified atmosphere packaging at 
4 C: possible role of biogenic amines as spoilage indicators. 
Antonie van Leeuwenhoek 89: 9-17.

77. Wojnowski W, Płotka-Wasylka J, Kalinowska K, Majchrzak T, 
Dymerski T, et al. (2018) Direct determination of cadaverine 
in the volatile fraction of aerobically stored chicken breast 
samples. Monatshefte für Chemie-Chemical Monthly 149: 
1521-1525.

78. Prester L (2011) Biogenic amines in fish, fish products and 
shellfish: a review. Food Additives & Contaminants: Part a 
28: 1547-1560.

79. Eerola HS, Roig Sagues AX, Hirvi TK (1998) Biogenic 
amines in Finnish dry sausages. Journal of Food Safety 18: 
127-138.

80. Del Prete V, Costantini A, Cecchini F, Morassut M, Garcia-
Moruno E (2009) Occurrence of biogenic amines in wine: 
The role of grapes. Food Chemistry 112: 474-481.

81. Ancín-Azpilicueta C, González-Marco A, Jiménez-Moreno 
N (2008) Current knowledge about the presence of amines in 
wine. Critical reviews in Food Science and Nutrition 48:257-
275.

82. Joosten HMLJ, Nunez M (1996) Prevention of histamine 
formation in cheese by bacteriocin-producing lactic Acid 
bacteria. Applied and Environmental Microbiology 62: 1178-
1181.

83. Kovacova-Hanuskova E, Buday T, Gavliakova S, Plevkova 
J (2015) Histamine, histamine intoxication and intolerance. 
Allergologia ET immunopathologia 43: 498-506.

84. Maintz L, Novak N (2007) Histamine and histamine 
intolerance. The American journal of clinical nutrition 85: 
1185-1196.

85. Ščavničar A, Rogelj I, Kočar D, Köse S,  Pompe M 
(2018) Determination of biogenic amines in cheese by ion 
chromatography with tandem mass spectrometry detection. 
Journal of AOAC International 101: 1542-1547.

86. Mayer HK, Fiechter G (2018) UHPLC analysis of biogenic 
amines in different cheese varieties. Food Control 93: 9-16.

87. Youdim MB, Edmondson D, Tipton KF (2006) the therapeutic 
potential of monoamine oxidase inhibitors. Nature reviews 
neuroscience 7: 295-309. 

88. Kanny G, Gerbaux V, Olszewski A, Frémont S, Empereur 
F, et al. (2001) No correlation between wine intolerance and 
histamine content of wine. Journal of Allergy and Clinical 
Immunology 107:  375-378.

89. Parente E, Martuscelli M, Gardini F, Grieco S, Crudele MA, 
et al. (2001) Evolution of microbial populations and biogenic 
amine production in dry sausages produced in Southern Italy. 
Journal of Applied Microbiology 90: 882-891.

90. Til HP, Falke HE, Prinsen MK, Willems MI (1997) Acute 
and subacute toxicity of tyramine, spermidine, spermine, 
putrescine and cadaverine in rats. Food and Chemical 

    Volume 4(3): 7-8



Citation: Fikiru Dasa, Wabi Bejo, Tseganesh Abdo (2022) Importance and Toxicity of Biogenic Amines in Fresh and Processed Foods. Journal of Food Technology & 
Nutrition Sciences. SRC/JFTNS/161. DOI: doi.org/10.47363/JFTNS/2022 (4)147

    Volume 4(3): 8-8

Copyright: ©2022 Fikiru Dasa, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

J Food Tech Nutri Sci, 2022

Toxicology 35: 337-348.
91. Křížek M, Dadáková E, Vácha F, Pelikánová T (2017) 

Comparison of the formation of biogenic amines in irradiated 
and smoked fish. European Food Research and Technology 
243: 1989-1995.

92. Chong CY, Abu Bakar F, Russly AR, Jamilah B, Mahyudin 
NA (2011) The effects of food processing on biogenic amines 
formation. International Food Research Journal 18.

93. Dalgaard P, Madsen HL, Samieian N, Emborg J (2006) 
Biogenic amine formation and microbial spoilage in chilled 
garfish (Belone belone belone)–effect of modified atmosphere 
packaging and previous frozen storage. Journal of applied 
microbiology 101: 80-95.

94. Ruiz-Capillas C, Jiménez-Colmenero F (2005) Biogenic 
amines in meat and meat products. Critical Reviews in food 
Scince and Nutrition 44: 489-599.

95. Du WX, Lin CM, Phu AT, Cornell JA, Marshall MR, et 
al. (2002) Development of biogenic amines in yellowfin 
tuna (Thunnus albacares): effect of storage and correlation 
with decarboxylase-positive bacterial flora. Journal of Food 
Science 67: 292-301.

96. Suzzi G, Gardini F (2003) Biogenic amines in dry fermented 
sausages: a review. International journal of food microbiology 
88: 41-54.

97. Nieto-Arribas P, Poveda JM, Sesenˇa S, Palop L, Cabezas 
L (2009) Technological characterization of Lactobacillus 
isolates from traditional Manchego cheese for potential use 
as adjunct starter cultures. Food Control 20: 1092-1098.

98. Tapingkae W, Tanasupawat S, Parkin KL, Benjakul S, 
Visessanguan W (2010) Degradation of histamine by 
extremely halophilic archaea isolated from high salt-
fermented fishery products. Enzyme Microb. Tech 46: 92-99.

99. Shalaby AR (2000) Changes in biogenic amines in mature 
and germinating legume seeds and their behavior during 
cooking. Nahrung/Food 44: 23-7.

100. Akan S, Oak ÖÖ (2019) Evaluation of storage time and grape 
seed extract addition on biogenic amines content of tarhana: 
A cereal-based fermented food. LWT 111: 861-868.

101. Oguri S, Enami M, Soga N (2007) Selective analysis of 
histamine in food by means of solid-phase extraction cleanup 
and chromatographic separation. Journal of Chromatography 
a 1139: 70-74.

102. Kvasnička F, Voldřich M (2006) Determination of biogenic 
amines by capillary zone electrophoresis with conductometric 
detection. Journal of Chromatography a 1103: 145-149.

103. Paproski RE, Roy KI, Lucy CA (2002) Selective fluorometric 
detection of polyamines using micellar electrokinetic 
chromatography with laser-induced fluorescence detection. 
Journal of Chromatography a 946: 265-273.

104. Sentellas S, Núñez O, Saurina J (2016) recent advances in 
the determination of biogenic amines in food samples by (U) 
HPLC. J Agric Food Chem 64: 7667-7678. 

105. Kalaycıoğlu Z, Hashemi P, Günaydın K, Erim FB (2015) 
the sensitive capillary electrophoretic-LIF method for 
simultaneous determination of curcuminoids in turmeric 
by enhancing fluorescence intensities of molecules upon 
inclusion into (2-hydroxypropyl)-beta-cyclodextrin. 
Electrophoresis 36: 2516-2521. 

106. Hashemi P, Erim FB (2016) Analysis of vitamin B2 in saffron 
stigmas (Crocus sativus L) by capillary electrophoresis 
coupled with laser- induced fluorescence detector. Food Anal 
Methods 9: 2395-2399. 

107. Ma JK, Raslan AA, Elbadry S, El-Ghareeb WR, Mulla ZS, et 
al. (2020) Levels of biogenic amines in cheese: Correlation 
to microbial status, dietary intakes, and their health risk 
assessment. Environmental Science and Pollution Research 
27: 44452-44459. 


