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Meat is a key element of a balanced diet. Meat consumption has played a significant role in evolution, affecting the

development of the human brain. Poultry meat is a source of many important nutrients, micro- and macro-

elements, and biologically active substances. During meat storage, many physicochemical changes take place,

also affecting the content of biologically active substances, including biogenic amines.

poultry meat  food  quality

1. Introduction

The chemical composition of meat depends on the animal species, age, genotype, nutrition, pre-slaughter

treatment, and post-slaughter storage . What is more, meat is one of the food types that undergo rapid

spoilage. This process occurs at a faster rate for white meat than for red meat. This stems from the higher number

of short fibres present in white poultry meat, which affects increased proteolysis. It is estimated that these changes

occur between 4 and 10 days after slaughter . The high protein content in poultry meat results in increased

proteolysis and autolysis, which affects amino acid release (AA). Presence of AA and bacteria exhibiting

decarboxylation capacity accelerates the process of meat spoilage and results in increased content of

microorganism metabolites, including biogenic amines .

Meat spoilage or ageing also occurs in refrigeration conditions by microflora contamination during slaughter. It has

been determined that poultry has a high slaughter contamination level, which further affects the processes that

deteriorate the product shelf-life . Early symptoms of meat spoilage are difficult to observe. Sensory

assessment is insufficient due to its subjective nature. However, determination of microbial contamination is time-

intensive and can be determined with the use of changes that occur in meat due to bacterial activity . The

changes determining meat ageing include: microbiological techniques, microscopic techniques, ionic changes,

application of fluorescent spectroscopy, ion-mobility spectrometry (IMS), determination of changes in the basic

composition of meat with near-infrared analysers (NIR),chemical changes (pH, total volatile basic nitrogen (TVBN),

ATP, glucose, BAcontent), and modern techniques of electronic tongue or nose .

2. Biogenic Amines: Characteristics

Biogenic amines (BA) are compounds with a low molecular weight below 200 Da. They are formed through three

processes: decarboxylation of amino acids by decarboxylation-capable microorganisms, reductive amination and
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transamination of aldehydes and ketones, or as a result of the activity of tissues in the organism. Furthermore, they

can be accumulated in tissues throughout the life of the organism . Biogenic amines can be divided (Table

1) in terms of the structure of the amino acid (precursor) into: aliphatic (putrescine, cadaverine, agmatine,

spermine, spermidine), aromatic (tyramine, β-phenylethylamine), and heterocyclic (serotonine, histamine, and

tryptamine), and for the number of amine groups: monoamines (tyramine, histamine, tryptamine), diamines

(putrescine, cadaverine), and polyamines (agmatine, spermine, spermidine) . What is more, endogenous

and exogenous amines can be distinguished. Endogenous amines are mainly catecholamines, indoleamines,

histamines, and BA of endogenous origin (spermine, spermidine, and low levels of putrescine and histamine),

whereas exogenous amines are those formed mainly by the activity of microorganisms (cadaverine, putrescine,

tyramine, histamine, β-phenylethylamine) .

Table 1. Classification of biogenic amines .

 

Strains exhibiting decarboxylation activity include: Enterobacteriaceae (Eschericha, Salmonella), Bacillus,

Pseudomonas, Aeromonas,  Clostridiaceae, and mainly G-negative bacteria, some  Lactobacillus, and Gram-

positive, such as certain Staphylococci  and Enterococci  . Buňkováet al.  analysed 88 strains of

bacteria isolated from poultry skin and their decarboxylase activity. It was shown that numerous strains

of  Enterobacteriaceae  and  Aeromonas  are characterized by decarboxylase-positive activity. Furthermore,
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Biogenic Amine Structural Formula Classification Precursor

Putrescine
Diamine
Aliphatic

Ornithine

Cadaverine
Diamine
Aliphatic

Lysine

Agmatine
Polyamine
Aliphatic

Arginine

Spermine
Polyamine
Aliphatic

Arginine
Ornithine

Spermidine
Polyamine
Aliphatic

Arginine
Ornithine

Tryptamine
Monoamine
Heterocyclic

Tryptophane

β-phenylethylamine
Monoamine

Aromatic
Phenylalanine

Tyramine
Monoamine

Aromatic
Tyrosine
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certain Lactobacillus strains also demonstrate amino acid decarboxylation activity. In the case of poultry meat, it is

believed that Enterobacteriaceae strains are the most common ones responsible for the increase of BA . Strains

differ in terms of the decarboxylation activity of specific amino acids, and a specific strain may contribute to the

formation of a specific amine without the possibility of decarboxylation of other amino acids .

Biogenic amines are mainly found in protein-rich products (meat, fish, cheese) and in fermenting products. Amines

most commonly found in poultry are: histamine (HIS), tyramine (TYR), cadaverine (CAD), and putrescine (PUT).

Also present are β-phenylethylamine (PHM), spermine (SPM), and spermidine (SPD) .

3. Role of Biogenic Amines

Biogenic amines fulfil a range of important functions in live organisms, including human organisms . They have

been identified in both animal and plant tissues, as well as in eukaryotic organisms (bacteria, fungi) .

Biogenic amines are precursors for hormones, alkaloids, proteins, and nucleic acids, and are a source of nitrogen

for the organism. Polyamines such as spermine, spermidine, and putrescine contribute to the natural growth of

cells. These polyamines are also present in mammal sperm, fulfilling the role of gene expression modulators

(binding with the locus in the DNA, activating genes or cell growth), supporting cellular growth of differential as well

as initial embryologic development . Excess of the aforementioned polyamines intensifies neoplastic

degeneration, and their high contents were found in tumours . Despite their positive action, an excess of BA

exhibits toxic properties, and biogenic amines are known as toxic biomolecules . Histamine is a widespread

amine found in such organs as muscles, brain, intestines, stomach, uterus, or ovaries. Its action is related to H

receptors (H1–H4) and it acts as a neurotransmitter and local hormone, modulating the activity of the stomach,

work of the heart, smooth-muscle contraction, circadian rhythm, and maintaining body heat . However, it

exhibits a toxic effect when consumed in excess. Symptoms of the toxic effect of histamine include dilation and

increased permeability of blood vessels, which results in ecchymosis, hives, itching, tingling, burning, headache,

blood pressure drop, tachycardic responses, and breathing difficulties (airway constriction and hypoxemia). It

further results in smooth-muscle contraction, resulting in diarrhoea, vomiting, and stomach-ache .

Histamine is strictly related to fish and fish product poisoning, but it also occurs in poultry meat, particularly during

poultry meat processing in high temperatures and meat with skin processing 

On the other hand, tyramine is responsible for the reaction related to the consumption of excessive amounts of

cheese, and its symptoms are referred to as “cheese reaction.” Its action resembles neurotransmitters, and it is

characterized by the capacity for increased sympathetic activity of the cardiovascular system by releasing

catecholamine (noradrenaline), which results in peripheral constriction of blood vessels and acceleration of the

heart action (tachycardia), a blood pressure drop, and a blood glucose concentration increase. The influence on

the formation of microhaemorrhages during blood vessel dilation results in inflammatory state formation .

In an organism, its presence can be detected in brain, spinal cord, heart, spleen, lungs, or kidneys .

Biogenic Amine Structural Formula Classification Precursor

Histamine
Monoamine
Heterocyclic

Histidine
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Histamine and tyramine are referred to as psychoactive and vasoactive amines. Excessive intake of both histamine

and tyramine results in acute allergic-like reactions, particularly from the nervous and cardiovascular system 

. They are heterocyclic amines, which are linked to the neoplastic degeneration process. They are easily

absorbable in the gastrointestinal tract, and an arilnitrenium ion is formed as a result of the reaction with

cytochrome P450monoaminooxidase, which intensifies neoplastic-increasing processes during DNA replication. As

presented by Plevaet et al.  in experiments of animals, they contributed to the formation of benign neoplastic

lesions of liver and malignant ones in the large intestine.

Cadaverine and putrescine have a considerable impact on cell proliferation, including neoplastic cells. They

accelerate neoplastic degeneration, producing changes within the oral cavity and tumour growth. Putrescine is an

electrostatic amine, fulfilling many physiological roles, but it also exhibits the capacity to react with nitrites, forming

heterocyclic nitroso-pyrrolidine with carcinogenic activity. They further intensify the toxic effect of the excess of

heterocyclic amines (histamine and tyramine), which also exhibit the properties for reaction with nitrates, forming

carcinogenic nitrosamines .

β-phenylethylamine acts as a neurotransmitter, which induces the release of dopamine, serotonin, and

noradrenaline. It affects perception, memory, and behaviour. It was mainly found in the brain and spinal cord, but

its excess, as withtyramine, affects the incidence of migraines and pressure drops . When blood levels of

β-phenylethylamine and tyrosine increase, an increase of other BA and type 2 diabetes may occur .

4. Biogenic Amines Index (BAI)

Amine content in meat is considered a meat freshness determinant. To this end, the quality index (QI) was

developed—the sum of histamine, putrescine, and cadaverine divided by the sum of spermine and spermidine plus

1; subsequently, the biogenic amines index (BAI) was developed, which is the sum of histamine, tyramine,

cadaverine, and putrescine . The content of these amines increases with meat storage and their excessive

consumption exhibits toxic effects, and thus the determination of amine content is important not only from the

standpoint of meat freshness, but also for maintaining the health status of society (meat consumers) . BAI is

of high significance for the determination of amine content in cheese and meat because it includes the content of

tyramine. BAI in fresh meat should not exceed 5 mg/kg, whereas the acceptable range with initial symptoms of

spoilage is between 5 and 20 mg/kg. Meat with low hygienic quality is classified in the range 20–50 mg/kg, and

spoiled meat has a BAI above 50 mg/kg .

5. Systemic Defensive Mechanisms

Natural defensive mechanisms of the organism, protecting against negative effects of consuming excessive levels

of BA, are monoamine oxidase (MAO), diamine oxidase (DAO), and polyamine oxidase (PAO). However, this

system is often disturbed by gastric problems of consumers, antidepressant intake, alcohol consumption, disruption

of natural defensive mechanisms of the organism, or consumption of spoiled food containing high levels of BA.
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Additionally, the synergistic effect of these factors influences increased toxicity of biogenic amines. The main

problem consists of MAO and DAO inhibitors, which include antidepressant drugs. It is estimated that 20% of the

European population uses antidepressants, and the intake of this type of agent exhibits a growth tendency .

6. Monitoring and Recommended BA Consumption
Standards

To care for the consumer health and to reduce the negative impact of consuming excessive amounts of BA, whose

toxicity mechanism has not been fully understood, it is recommended to restrict consumption of BA-rich products

. International permissible limits of biogenic amine consumption are absent . This issue has thus far been

covered by numerous consumer organizations and food safety agencies. These include the European Food Safety

Authority (EFSA), the Food and Drug Administration (FDA), the Food Safety Commission of Japan (FSCJ), and the

World Health Organization (WHO). As a result of cooperation with the aforementioned entities and based on the

Regulation EC/178/2002, the Rapid Alert System for Food and Feed (RASFF) database was created. However, the

above organizations and the mentioned system mainly focus on the toxicity of histamine from fish and fish products

. Based on the FDA report, as provided by Rabieet et al. , the maximum level of tolerated histamine

content in meat was determined as 100 mg/kg, whereas daily histamine consumption should not exceed 50 mg

and 600 mg for tyramine. Danchuket et al.  reported that the permissible histamine level in healthy food should

not exceed 50 mg/kg, the level between 50 and 200 mg/kg may have a harmful effect on consumer health, and the

level above 200 mg/kg exhibits toxic properties. In turn, Feddern et al.  report that histamine and tyramine

content above 100 mg/kg and β-phenylethylamine above 30 mg/kg show toxic effects on consumer health status.

According to the EFSA Report, the daily recommended histamine intake is below 50 mg for healthy people, but

below detection limits for people with a histamine intolerance, and600 mg of tyramine for healthy people who do

not take drugs from the group of monoamine oxidase inhibitors (MAOI), but 50 mg for people taking third-

generation MAOI drugs or 6 mg for people taking classic MAOI drugs. However, information on putrescine and

cadaverine have proven insufficient in this scope .
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