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1. Introduction

The rapid increase in the production of meat 
(products) in the last decades and the desire to pro-
long its shelf-life cause the search for new methods 
of meat quality evaluation. As an alternative to sen-
sory and microbiological analyses, it is increasingly 
often proposed to determine certain chemical indica-
tors, such as biogenic amines (BAs), as an indica-
tor for food safety and quality evaluation (Chmiel et 
al., 2022). BAs are low molecular weight substances 
in food mainly produced by the decarboxylation of 
free amino acids under the influence of endogenous 
or bacterial enzymes or by amination or transamina-
tion of aldehydes and ketones (Schirone et al., 2022). 
Spermine (SPM), spermidine (SPD), putrescine 

(PUT), cadaverine (CAD), tryptamine (TRP), phe-
nylethylamine (PHE), histamine (HIS), and tyramine 
(TYR) commonly exist in meat and meat products 
and rapidly accumulate, especially during spoilage 
(Jastrzębska et al., 2024). SPD and SPM are also 
naturally occurring BAs in fresh meat (Schirone 
et al., 2022). Several factors associated with raw 
materials, such as chemical composition, pH, tem-
perature, some handling and manufacturing opera-
tions (e.g., fermentation, ripening, curing), time of 
storage, and post contamination can influence BA 
presence in foods (Dabadé et al., 2021). High con-
centrations of these compounds in food are associ-
ated with food poisoning, due to their toxicological 
effects, potentially causing adverse effects like nau-
sea, headaches, gastric and intestinal problems, and 
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pseudo-allergic responses (Shashank et al., 2021). 
Despite their strong influence on both public health 
and food quality, specific legislation only covers his-
tamine in fishery products, and no criteria have been 
established for other BAs or other food such as meat 
(Schirone et al., 2022). 

In the light of these considerations, the present 
study aimed to summarize the influence of the major 
environmental and process factors on the occur-
rence of BAs in raw meat and meat products pro-
duced by several manufacturing processes, taking 
into account both food quality and safety aspects of 
accumulation of BAs. This work intends to inspire 
establishment of more accurate permissible levels of 
BAs in meat and products.

2. Factors influencing biogenic amine 
formation

Meat and meat products are particularly sub-
jected to BA production due to their high protein and 
amino acid content. Thus, the availability of BA pre-
cursors, free amino acids, and the presence of micro-
organisms able to biosynthesize enzymes catalyzing 
BA decarboxylation, are essential factors that affect 
the formation of BAs in meat and meat products 
(Liu et al., 2024). Proteolytic activity can arise as a 
consequence of acidity increase, dehydration, tem-
perature and the action of sodium chloride in some 
meat derived products, but also by microbial activ-
ity during fermentation and/or other food produc-
tion processes, and during storage (Dabadé et al., 
2021). Many microorganisms which are present in 
meat and meat product, such as Lactobacillus spp., 
Pseudomonas spp., Enterobacteriaceae, and Entero-
coccus spp., exhibit decarboxylase activity (Liu et 
al., 2024). A high content of some BAs in food can 
also be an indicator of poor microbiological quality 
(Chmiel et al., 2022).

Since amino acid decarboxylase has higher 
activity under low pH conditions, to some extent, 
microbial amine production is a physiological reac-
tion to resist an acidic environment (Gardini et al., 
2016). Also, low pH enhances the cathepsin activi-
ty in raw meat, resulting in the degradation of mus-
cle proteins into peptides and free amino acids, sub-
strates of amino acid decarboxylase (Gökoĝlu, 2003).

Temperature is another factor influencing the 
formation of BAs in meat and meat products (Liu et 
al., 2024). High temperature during storage or fer-
mentation accelerates protein decomposition and the 
growth of microorganisms, increases the activity of 

amino acid decarboxylase and proteolytic enzymes 
and, hence, accelerates the formation of BAs in meat 
and meat products. Formation of BAs is also influ-
enced by atmospheric conditions, especially the 
atmospheric conditions in the packaging. The pro-
portion of oxygen in packaging mainly affects the 
type, quantity, and metabolism of microorganisms in 
meat and meat products, thus leading to the differ-
ences in the formation of BAs (Gardini et al., 2016).

The intrinsic properties of meat (products), 
influence BA generation. Due to the unique protein 
composition and softer texture of chicken meat, its 
BA content is generally higher than in beef and pork, 
under the same storage conditions (Liu et al., 2024). 
For meat products, salts are often added during fer-
mentation, curing or storage. High salt concentra-
tions contribute to less accumulation of BAs in meat 
products, due to reduction of the metabolic activi-
ties of decarboxylating microorganisms (Gardini et 
al., 2016). Gram-negative bacteria are more inhibit-
ed by increasing salt concentrations than Gram-pos-
itive microbiota (Gardini et al., 2016). The content 
of BAs in fermented meat products was, due to the 
specific manufacturing process, significantly high-
er than those in cured or other kinds of meat prod-
ucts (Schirone et al., 2022). Fermented meat prod-
ucts have conditions conducive to the growth of 
microorganisms, thus facilitating the production of 
BAs (Schirone et al., 2022). Smoking treatment also 
influences BA formation in meat products, because 
smoking reduces water content and increases salt 
diffusion, thus inhibiting aminopeptidase, release of 
free amino acids, and ultimately, generation of BAs 
(Gardini et al., 2016). 

3. Biogenic amines in raw meat

In raw meat, the presence of BAs depends on 
different factors, such as meat origin, the specif-
ic microbiota, storage conditions, and meat shelf-
life (Schirone et al., 2022). Hence, inappropriate 
hygiene and storage conditions can increase the inci-
dence of BAs. As mentioned above, environmen-
tal factors such as temperature and pH are of crucial 
importance for BA formation. However, packaging 
solutions can control the increase of BA in raw meat 
and meat preparations (Chmiel et al., 2022). Chmiel 
et al. (2022) indicated that storage conditions are 
very important, since product stability was higher in 
cold rooms and dry conditions, than in display cases 
exposed to light. Raw meat mostly contains the pol-
yamines, PUT, SPD, and SPM, in particular the last 
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two (Schirone et al., 2022). Many researchers pro-
posed using the ratio of SPM to SPD for raw meat 
quality evaluation, because it is independent from 
microbiological activity and relatively stable over 
time, as well as the sum of CAD + PUT to evalu-
ate raw meat decay independently from the animal 
species. HIS and TYR start to increase after some 
days of storage, presuming the initial microbial 
count is not high (Schirone et al., 2022). Quantifica-
tion of TRP, CAD, PHE, and PUT is considered use-
ful for early determination of meat spoilage in poul-
try, pork, and beef, based on the study by Woinowski 
et al. (2019). 

4. Biogenic amines in processed meat

BAs can be found in a wide range of meat 
products. Fermented meat products are a primary 
source of BAs, mainly due to bacterial and fungal 
activities. These microorganisms take advantage of 
the available nutrients, the favourable water activ-
ity (at the beginning of the process), and the total 
and partial oxygen absence ensured by the environ-
ment, the former promoting the specific produc-
tion of BAs like HIS, while reducing the amounts of 
PUT and CAD (Schirone et al., 2022). In ferment-
ed meat products, main bacterial groups responsi-
ble for BA production are Enterobacteriaceae and 
Pseudomonas, some strains belonging to the gen-
era Staphylococcus and Bacillus, and the lactic 
acid bacteria (Li et al., 2020). Fermented products 
like sausages and salamis can impair food safety 
in regard to the accumulation of TYR, HIS, PUT, 
and CAD. TYR was the most frequent and abun-
dant BA found in dry fermented sausages in Spain’s 
retail sector, while fermented sausages and salamis 
from Portugal and Serbia had low amounts of TYR, 
CAD and PHE, and HIS was present only in two 
samples (Latorre-Moratalla et al., 2017; Alves et 
al., 2017). Different smoking processes can reduce 
the level of BAs due to the reduction of free amino 
acids in dry cured hams (Martuscelli et al., 2009). 
Also, the diffusive phenomena of salt and water 
influence amino acid decarboxylase and/or amino 
oxidase activities (Dabadé et al., 2021). TYR is the 
most common amine in cured meat products (Schi-
rone et al., 2022). Heat treatments do not affect the 
BA concentration in meat products. Chicken meat 
did not show any polyamine loss after different heat 
treatments, while beef and pork meat after cooking 
showed only slight reduction of BAs (Schirone et 
al., 2022). Low levels of BAs usually indicate high 

quality of the raw materials, good hygiene and han-
dling procedures, and suitable drying/fermenting 
conditions.

5. Biogenic amine index and recommended 
limits

To control the processing and development of 
various food (meat, fish, etc.), and to signal degree 
of food freshness and/or deterioration, BAs have 
been frequently employed as quality indexes. How-
ever, establishing a biogenic amine index (BAI) that 
reliably predicts product quality is no simple matter. 
The BAI calculated from the sum of HIS, TYR, PUT, 
and CAD (mg/kg) was proposed for meat (Wójcik et 
al., 2022). Good quality fresh meat should not have 
a BAI exceeding 5 mg/kg. Acceptable meat, but with 
signs of initial spoilage, has a BAI of between 5 and 
20 mg/kg. Meat of low hygienic quality is classi-
fied in the range 20–50 mg/kg, and spoiled meat has 
a BAI above 50 mg/kg (Ruiz-Capillas and Herre-
ro, 2019; Hernández-Jover et al., 1996). The useful-
ness of BAI as a quality index depends on many fac-
tors, which include the nature of the product (fresh, 
canned, modified atmosphere, fermented, etc.). BAI 
levels have proven to be more satisfactory in fresh 
meat and meat products and heat-treated products 
than in fermented products, due to the latter hav-
ing varying amounts of BAs over time, owing to 
the number of different factors involved in the pro-
cessing (ripening, maturation, starter, additives, etc.) 
(Ruiz-Capillas and Herrero, 2019).

Since the consumption of foods containing 
high amounts of BAs have been associated with 
health hazards, restricted consumption of BA-rich 
products is recommended (Wójcik et al., 2022). 
However, international permissible levels of bio-
genic amine consumption are lacking. Numerous 
consumer organizations and food safety agencies, 
which include the European Food Safety Authority 
(EFSA), the Food and Drug Administration (FDA), 
Food Safety Commission of Japan (FSCJ), and the 
World Health Organization (WHO), are dealing with 
this problem (Ruiz-Capillas and Herrero, 2019). 
One of the toxins targeted by the FDA (2025) and 
EFSA (2011) is HIS in fish and fish products. The 
maximum level of tolerated HIS in meat was deter-
mined as 100 mg/kg (Feddern et al., 2019), where-
as daily HIS consumption should not exceed 50 mg 
(Rabie et al., 2014). Also, Danchuk et al. (2020) 
suggested a HIS level between 50 and 200 mg/kg 
could have a harmful effect on consumer health, 
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and levels above 200 mg/kg exhibit toxic properties. 
Feddern et al. (2019) reported the toxic effects of 
TYR content above 100 mg/kg. For healthy people 
who do not take drugs from the group of monoam-
ine oxidase inhibitors (MAOI), EFSA (2011) recom-
mended a daily limit of 600 mg of TYR, 50 mg for 
people taking third-generation MAOI drugs and 6 
mg for people taking classic MAOI drugs. PHE lev-
els above 30 mg/kg show toxic effects on consum-
er health status (Feddern et al., 2019). EFSA (2011) 
also suggested that information on PUT and CAD 
have proven insufficient to draw any conclusions on 
limits.

6. Conclusion

One of the major challenges in modern times 
is to produce adequate amounts of safe food. Due 

to the impact of BAs on human health, it is of great 
importance to prevent the excessive accumulation 
of these compounds in food. Controlling these com-
pounds implies a deep understanding of the forma-
tion and monitoring mechanisms, and an ability to 
reduce biogenic amines during the processing and 
storage of meat and products. Such control of BAs 
would benefit consumers, public authorities, and 
industry. Apart from being a food safety concern, 
BAs also serve as an indicator of quality. Obtaining 
deeper knowledge about levels that could be used as 
guidelines in the different meat and products that are 
available on the market is needed. Such an endeav-
our requires a commitment, not only from public 
institutions, but also from production sectors and 
commercial processors, and ultimately from con-
sumers.
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