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Abstract  
 
The quality of boar meat also depends a lot on the food ingested during the fattening period. Boar meat, compared to 
domestic pig meat, is richer in protein, lower in lipids and richer in mineral salts. Studies have shown a reduced calorie 
content of wild boar meat compared to domestically raised pork, a large amount of essential amino acids, vitamin B12, 
D and mineral salts (iron, zinc, selenium). Since the meat of young boar is more difficult to digest, it is recommended to 
prepare meat from mature boar. A peculiarity of the biochemical processes in venison is represented by connective tissue 
proteins, which have a high degree of densification and polymerization, myofibrillar proteins being abundantly 
represented. The proteins in game meat are resistant to enzymatic denaturation, and that is why it is difficult to mature 
game meat. The purpose of this study is to characterize the composition of wild boar meat and the biogenic amine content 
depending on the storage period. 
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INTRODUCTION  
 
Food security is currently being addressed more 
and more intensively both internationally and 
nationally, being a major concern regarding the 
quality of food (Feddern et al., 2019). 
Game meat is a meat that is increasingly 
appreciated and sought after by many consumers 
lately, due to its good chemical composition, the 
saturated fatty acids present in game meat, the 
high protein content, low amounts of fat and due 
to its special organoleptic characteristics (the 
specific taste and aroma of game meat) 
(Tomasevic et al., 2018). 
Numerous international studies have been 
conducted over time on the quality of game meat, 
namely its advantages, disadvantages, storage 
methods and preparation for consumption (Font-
i-Furnols & Guerrero, 2014; Bodnar et al., 2014; 
Pickering & Lawrence, 2012). 
According to data from the specialized 
literature, biogenic amines (BA) that are taken 
up through food consumption have no effects on 
the body if the quantities ingested are small, but 
if the quantities are larger they can cause various 
reactions or disorders in the body (Șoimușan et 
al., 2024; EFSA, 2011). 

Biogenic amines can be found in various 
fermented or matured products, for example: 
cheeses, fish, meat or in wine products (Barry et 
al., 2009; Santos et al., 2003; Novella-Rodriguez 
et al., 2002). 
Studies in the specialized literature confirm the 
existence of these biogenic amines in both 
animal and plant-based foods intended for 
human consumption (Capillas-Ruiz & Herrero 
2019). 
According to their chemical structure, biogenic 
amines are divided as follows: heterocyclic 
amines (histamine, tryptamine), aliphatic 
amines (putrescine, cadaverine) or aromatic 
amines (tyramine, phenylethyl amine), (Feddern 
et al., 2019; EFSA, 2011). 
According to Ladero et al., 2010, the main 
source of contamination with biogenic amines is 
contaminated foods and fermented beverages. 
The main biogenic amines that lead to acute 
toxicity are histamine and tyramine (Halász et 
al., 1994). 
The main reactions produced by the ingestion of 
high quantities of biogenic amines are the 
following: headache, emesis, nausea, skin 
rashes, allergies, fluctuations in blood pressure 
(Jae-Hyung et al., 2002). 
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To prevent contamination with biogenic amines, 
it is necessary to meet the standards for high-
quality raw materials for obtaining food pro-
ducts, monitor temperature and humidity para-
meters and of course comply with good manu-
facturing process practices (Doeun et al., 2017).  
According to Șoimușan et al., 2024, the human 
body can be affected by the consumption of 
cheeses that have uneven amounts of biogenic 
amines inside them, and a much more careful 
control of the food production stages is 
recommended. 
The process of formation of biogenic amines in 
food is influenced by a series of intrinsic factors 
(pH, water activity, microorganisms) and 
extrinsic factors (storage method and time, 
storage temperature) (Benkerroum, 2016). 
Putrescine, spermidine, spermine and 
polyamines are commonly found in the cells of 
living organisms and play physiological roles 
according to Kalac̆ & Krausová, 2005. 
 
MATERIALS AND METHODS  
 
As part of this review, we conducted a 
systematic search of scientific publications in 
the following online databases: Google 
Academic, Google Scholar, ScienceDirect, 
PubMed, Scopus, Elsevier, Springer Nature, 
Web of Science, and Wiley databases. 
In this review, we have followed the essential 
characteristics of biogenic amines and their 
formation, including the microorganisms 
involved in the formation of biogenic amines, 
respectively the effect of storage conditions on 
the content of biogenic amines and their control 
methods. 
 
RESULTS AND DISCUSSIONS 
 
THE EXISTENCE OF BIOGENIC AMINES 
IN FOODS 
According to studies, there is a wide range of 
foods in which biogenic amines may be present, 
namely: meat, fish, milk, cheese, fruits, 
vegetables, beer, wine and other products 
obtained from fish meat (Krizek et al., 2004; 
Kim et al., 2003; Simon-Sarkadi, 2002; Halász 
et al., 1994). 
Biogenic amines present in different types of 
food (fish and fish products, meat products, 
dairy products, vegetables and other plant 

products) are represented in Table 1 and the 
daily dose (mg) is reported.  
The quality of game meat, according to 
(Barendse, 2014) is determined by the general 
quality of the animal, the state of health, the 
welfare of the game animals as well as the age, 
breed, anatomy and physiology from the point 
of view of lifestyle, in addition to all these 
aspects, the technology of processing game meat 
also intervenes. In order to prevent high levels 
of biogenic amines, special attention should be 
paid to the temperature conditions of the storage 
process of food intended for human 
consumption, their handling practices, and the 
presence of microbial populations (Visciano et 
al., 2012). 
Of course, the specialized literature also touches 
on some food technological treatments that are 
essential to avoid contamination with BA, for 
example, in the case of meat we have the salting 
process, the baking process, the fermentation 
process, the maturation process and the 
marinating process (Chong et al., 2011). 
In the case of a study conducted by Hutařová et 
al., 2014a, biogenic amines in game meat 
(pheasant, rabbit and deer) were evaluated. 
Following the study, the sum of biogenic amines 
for each animal species did not exceed the value 
allowed by legislation, so the authors conclude 
the importance of the quality of hygiene and 
storage measures regarding game meat foods. 
One of the potential indicators regarding the 
safety and quality of a food, in our case game 
meat, is the level of biogenic amines, so an 
increased level of BA is automatically 
associated with an increased level of microbial 
contamination followed by spoilage processes 
(Ruiz-Capillas & Jiménez-Colmenero, 2004). 
Other measures to prevent food contamination 
with biogenic amines in food are represented by 
the cooling and freezing process (Paulsen et al., 
2008a). 
Limiting microbial growth may include 
hydrostatic pressures, irradiation processes, 
controlled atmosphere packaging processes or 
even the use of food additives (Hutařová et al., 
2013). 
Biogenic amines are involved in the 
deterioration of amino acids under high 
concentrations of microorganisms, with 
consequences for the human body (Yang et al., 
2025). 
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According to studies a significant increase in the 
concentration of biogenic amines was observed 
inside the meat compared to its outside. 
Histamine and tyramine, present an increased 
toxic level, compared to spermine, spermidine, 
putrescein and cadaverine which are not as toxic 
(Doeun et al., 2017). 
 
MICROORGANISMS INVOLVED IN THE 
FORMATION OF BIOGENIC AMINES 
According to EFSA, 2011, the process of 
producing biogenic amines requires available 
amino acids and decarboxylating amino acids 
synthesized by specialized bacteria. 
Strong activity in fermented food can lead to 
high levels of biogenic amines (Gonzalez et al., 
2003).  
Regarding the amount of biogenic amines 
produced, this depends directly on the level of 
free amino acids present, which in turn depend 
on the species and on the amount and activity of 
decarboxylating enzymes (Hutařová et al., 
2014a). 
The production process of biogenic amines is 
influenced by several factors, including, 
according to data from the specialized literature: 
food storage temperature, duration and method 
of food storage, food storage conditions, food 
pH, food salt content, amount of available 
oxygen, and last but not least, amount of free 
amino acids (Ruiz-Capillas & Jimenez-
Colmenero, 2004). Together, all of these factors 
mentioned can lead to variable levels of 
contamination, in terms of biogenic amines 
(Ruiz-Capillas & Jimenez-Colmenero, 2004). 
The toxicological effects of biogenic amines 
through food consumption are mentioned in 
numerous specialized studies, such as 
respiratory, digestive, cardiovascular effects and 
including neurological disorders (Gardini et al., 
2016; Lehane & Olley, 2000). 
The bacterial colonies present can influence the 
production of biogenic amines as fermentation 
increases (Wang et al., 2025). High levels of 
certain biogenic amines cause adverse effects on 
the body, including: migraines, hypertension, 
tachycardia, acute respiratory failure, heart 
palpitations, hot flashes, sweating, nausea, skin 
rashes and other allergies (Capillas-Ruiz et al., 
2019; Tofalo et al., 2016). 
In a study carried out in Austria on batches of 
fermented sausages, fish meat, cheese and 

sauerkraut, the authors suggest tolerable levels 
of biogenic amines, namely: 6.8 mg per person 
in the case of adult women and 8.8 mg per 
person in the case of adult men, the estimated 
dose per day (Rauscher-Gabernig et al., 2012). 
Regarding the exact toxicity limits for biogenic 
amines, they are very difficult to establish, 
because the toxic dose is dependent on the 
effectiveness of the activity of the detoxification 
mechanism, which can fluctuate depending on 
the individual (Brink et al., 1990). 
Biogenic amines, especially histamine 
commonly found in foods, are the major cause 
of skin problems and body allergies (Silla-
Santos (1996). 
According to Gill (2007), it specifies that the 
incidence of enteric pathogens in meat from 
farmed game is positively better than that of 
field-hunted animals, due to the location of the 
bullet in the body, the time of evisceration and 
the temperatures, all of which factors under 
certain conditions can trigger the development 
of biogenic amines. 
In Table 1, the main biogenic amines are 
specified with the physiological effects and 
toxicological effects produced. 
 

Table 1. The main biogenic amines 
Biogenic 
amines 

Physiological 
effects 

Toxicological 
effects 

Histamine 

neurotransmitter, body 
temperature regulation, 
food intake, learning, 

memory, allergic 
reactions, immune 

response, gastric acid 
secretion, local 

hormones, cell growth 
and differentiation 

headache, flushing, 
sweating, nasal 

discharge, skin rash, 
dizziness, itching, 

edema, hives, difficulty 
swallowing, diarrhea, 

increased cardiac 
output, extrasystoles 

Tyramine 

neurotransmitter, 
peripheral 

vasoconstriction, 
increased cardiac 
output, increased 

respiration, increased 
blood glucose, release 

of noradrenaline 

headaches, migraines, 
neurological disorders, 

nausea, vomiting, 
respiratory disorders, 
high blood pressure 

Putrescine 
regulation of gene 

expression, cell growth 
and differentiation 

increased cardiac 
output,  

tachycardia, 
hypotension,  

carcinogenic effects 
Source: Ladero et al., 2010 
 
EFFECT OF STORAGE CONDITIONS ON 
THE CONTENT OF BIOGENIC AMINES 
IN WILD BOAR MEAT 
There are numerous factors that influence wild 
boar meat according to data from the literature, 
these factors can be triggered during the hunting 
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process but also after the hunt (Naila et al., 
2010). 
The concentration of biogenic amines influences 
the freshness of game meat, in our case wild 
boar meat (Paulsen et al., 2008b). 
According to the study conducted by Hutařová 
et al., 2014b, good hygienic quality was 
maintained when wild boar carcasses were 
stored for a maximum of 14 days at a 
temperature of 0°C. The authors of the study 
also confirm a content of biogenic amines in the 
case of three wild boar samples taken into the 
study, which exceeded the limit of 5 mg/kg on 
day 21 of storage of wild boar meat (Hutařová et 
al., 2014b). 
Regarding the temperature of 15°C, it is 
considered, according to the study conducted by 
Hutařová et al., 2014b, an inappropriate storage 
temperature for wild boar meat, because the 
content of biogenic amines in 2 samples of game 
meat exceeds the limit of 5 mg/kg on day 7 of 
storage (Hutařová et al., 2014b). In the case of 
small game (pheasants or hares), which are 
hunted with a hunting gun, and the bullets 
reaching the various tissues and organs of the 
digestive system, can raise an alarm signal when 
the game is not eviscerated immediately after 
the hunting process, but only a few days later, 
which leads to a major concern regarding the 
hygienic quality of the game meat (Paulsen et 
al., 2008b). 
In a study, the authors stored tuna meat at two 
different temperatures and for a storage period 
of 9 days, as follows: at a temperature of 0°C, 
tuna meat showed an increase in histamine of 15 
ppm, while at a temperature of 22°C, the 
increase in histamine was 4500 ppm (Du et al., 
2002). 
In a study Barnes et al., 1973, they showed that 
the process of storing uneviscerated small game 
at a temperature of 10°C, for several days, 
results in a negative impact on carcass quality 
only when certain organs of the digestive system 
are perforated, releasing the contents. 
In a study, variations in the levels of pathogens 
(Escherichia coli, staphylococci, Clostridium 
perfringens, Listeria monocytogenes) were 
evaluated for meat from deer, roe deer and wild 
boar, with a total of 2919 samples collected from 
commercial units. The results of the study 
showed that Clostridium perfringens was the 
most common pathogen, and Listeria 

monocytogenes was the least common pathogen 
in these game samples. The authors also mention 
that there were no significant differences in 
contamination between the types of meat and 
their refrigerated or frozen storage method 
(Membré et al., 2011). 
 
CONTROL OF BIOGENIC AMINES 
The main way to control the concentration of 
biogenic amines is temperature, and according 
to data from the specialized literature, emerging 
methods are also confirmed, including: modified 
atmosphere packaging, the irradiation process, 
high hydrostatic pressure, control of 
microorganisms and the use of food 
preservatives (Naila et al., 2010). 
The process of reducing biogenic amines can be 
achieved through adequate temperature control, 
slowing down microbial growth and of course 
reducing enzymatic activity in meat, data 
confirmed by numerous studies (Naila et al., 
2010; Emborg & Dalgaard, 2008; Balamatsia et 
al., 2006; Du et al., 2002). 
Data from the literature confirm that the 
formation of biogenic amines can also occur at 
temperatures below 5°C, so the authors draw 
attention to the fact that the control of the 
production and level of biogenic amines should 
not be based only on temperature control 
(Emborg & Dalgaard, 2008). 
When the presence of biogenic amines is 
detected in a food product, it is automatically 
characterized as having poor hygienic quality 
and as having been obtained through improper 
food safety practices, so it is important to 
remember that in order to control the level of 
biogenic amines, it is necessary to know with 
certainty what the triggering factors are that lead 
to the formation of biogenic amines (Hernandez-
Jover et al., 1997). 
Many studies specify the use of food additives 
and preservatives that lead to a decrease in the 
production of biogenic amines, for example, in 
one study it was shown that sodium sorbate 
helps extend the shelf life of seafood (Shalini et 
al., 2001) or meat-based preparations that 
contain potassium and ascorbic acid showed 
better values in terms of biogenic amines 
(Bozkurt & Erkmen, 2004). 
Other inhibitory substances with an impact on 
biogenic amines are: curcumin, capsaicin and 
piperine, but the effect of these substances 
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decreases during the cooking process (Shishodia 
et al., 2005) or as it is also specified ginger, 
garlic, onion, red pepper or cinnamon (Mah et 
al., 2009). 
Bover-Cid et al., 2000, state that starter cultures 
used for the fermentation process can delay the 
formation of biogenic amines, these starter 
cultures being represented by bacteria that need 
optimal conditions to have control over 
preventing the development of biogenic amines. 
Mbarki et al., 2009, mention that the 
preservation process using packaging may be an 
option for delaying the formation of biogenic 
amines in meat, mainly due to the fact that it 
restricts the development of microorganisms 
and enzymes that are the main triggering factors 
for the production of biogenic amines. 

Regarding foods susceptible to containing 
biogenic amines, we can mention: meat, fish, milk, 
vegetables, beer, wine, as well as other fish-
derived products (Table 2). Among the most 
frequently encountered and relevant biogenic 
amines from a food point of view are histamine, 
tyramine, putrescein, cadaverine and phenyl-
ethylamine (Pickering & Lawrence, 2012). 
The process of formation of these compounds in 
food products is significantly influenced by 
certain intrinsic factors (pH, water activity, type 
of microorganisms present), as well as by 
extrinsic factors (storage time and temperature). 
According to the specialized data obtained to 
date, histamine and tyramine are considered the 
most toxic of the biogenic amines (Naila et al., 
2010). 

 
Table 2. Biogenic amines in various foods (mg/day) 

Biogenic amines in food categories (mg/day) 
 Histamine Tyramine Putrescine Cadaverine Phenylethylamine Tryptamine 

Alcoholic 
beverages 

Beer 3.6 - 24.2 18.5 - 124.6 6.2 - 41.9 4 - 26.7 0.6 - 4.3 1.3 - 8.6 
Red wine 2.5 - 12.4 1.6 - 8.5 1.9 - 11.5 0.1 - 1.6 <0.1 – 5 - 
White wine 0.1 - 3.9 0.2 - 6.8 0.2 - 6.5 <0.1 - 0.6 <0.1 - 2.3 - 

Fish and fish 
products 

Fermented fish 0.3 - 12.6 2 - 90.4 0.6 – 27 0.3 - 12.4 <0.1 - 3.3 0.1 - 2.3 

Fish and other fish products 8.8 - 41.4 4.8 - 13.8 3.8 - 10.9 18.9 - 53.8 
 1.8 – 5 2.2 - 6.4 

Meat  
products 

Fermented sausages 6.4 - 37.1 17.2 - 99.3 14.5 - 83.6 6.7 - 38.5 
 1.5 - 8.7 1.9 - 10.7 

Other matured meat products 1.4 - 9.9 5.8 - 42.1 5.3 - 38.6 3.3 - 23.9 0.1 - 2.8 <0.1 - 0.3 
Other meat products 0.8 - 1.4 11.4 - 20.1 20.9 - 36.9 4.3 - 7.5 0.2 - 0.3 0.2 - 0.3 

Dairy products 
Cheese 13 - 32.1 44 - 108.7 14.3 - 35.3 47 - 116.1 1.9 - 4.6 0 - 12.3 
Yogurt 0.3 - 0.8 1.3 - 4.1 0.3 - 0.9 2.6 - 8.2 - - 
Other dairy products 0.2 - 0.6 0.1 - 0.4 0.3 - 0.9 0.9 - 2.9 - - 

Vegetables and 
other plant 
products 

Fermented vegetables 0.8 - 27.6 0.8 - 27.3 4.9 - 164.7 0.8 - 28.2 <0.1 - 1.5 - 

Other vegetables <0.1 - 0.2 1.1 - 7.6 13.4 - 93.6 3.7 - 25.6 <0.1 - 2.8 - 

Source: EFSA, 2011 
 

Table 3. Microorganisms involved in the production of biogenic amines 
Target food Amine Biogena Microorganism 

Cheese 

Histamina Lactobacillus buchneri 

Tiramina Enterococcus faecalis, Enterococcus faecium, Enterococcus durans, Entererocccus hirae, Lactobacillus brevis, 
Lactobacillus curvatus  

Putresceina Enterobacteriaceae (Enterobacter, Serratia, Escherichia, Salmonella,  
Hafnia, Citrobacter, Klebsiella) Lactobacillus brevis  

Cadaverina Enterobacteriaceae 

Meat 

Histamina Enterobacteriaceae, Stphylococcus capitis 

Tiramina 
Staphylococccus carnosus, Staphylococccus xylosus, Staphylococccus epidermidis, Staphylococccus saprophyticus, 
Lactobacillus brevis, Lactobacillus curvatus, Lactobacillus sakei, Lactobacillus bavaricus, Carnobacterium 
divergens, Carnobacterium pisicola  

Putresceina Enterobacteriaceae, M. morganii, S. liquefaciens, Pseudomonas, Lb. curvatus, Enterococcus  
Cadaverina Enterobacteriaceae 

Fish Histamina 
Morganella morganii, Klebsiella pneumonia, Hafnia alvei, Proteus vulgaris, Proteus mirabilis, Enterobacter 
cloacae, Enterobacter aerogenes, Serratia fonticola, Serratia liquefaciens, Citobacter freundii, Clostridium spp., 
Pseudomonas fluorescens, Pseudomonas putida, Aeromonas spp., Pleisomonas shigelloides, Photobacterium spp. 

 Wine 

Histamina Oenococcus oeni, Lactobacillus hilgardii, Pediococcus parvulus 

Tiramina Lactobacillus brevis, Lactobacillus hilgardii, Leuconostoc mesenteroides, Lactobacillus plantarum, Enterococcus 
faecium  

Putresceina Lactobacillus brevis, Lactobacillus hilgardii, Leuconostoc mesenteroides, Lactobacillus plantarum, O. Oeni, Lb. 
buchneri, Lactobacillus zeae 

Cadaverina Enterobacteriaceae 

Source: Ladero et al., 2010 
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Several species susceptible to producing 
histamine are reported in the literature, for 
example: Psychrotolerans morganella, 
Photobacterium damselae, Photobacterium 
phosphoreum, Raoultella planticola and Hafnia 
alvei (EFSA, 2011; Hoffman & Wiklund, 2006; 
Bover-Cid & Holzapfel, 1999), (Table 3). 
 
CONCLUSIONS  
 
Game meat is becoming increasingly sought 
after by consumers due to its compositional and 
organoleptic characteristics. 
Game meat is susceptible, along with other types 
of meat, to contamination with biogenic amines, 
given the levels of microorganisms present at 
different stages of the food chain. Elevated 
levels of BA can be prevented by following 
hygiene standards, good handling practices, and 
observing temperature parameters during the 
meat handling, delivery, or storage process. 
The existence and application of correct 
verification measures is essential to ensure the 
correct quality of game meat, with direct 
responsibility on the personnel involved along 
the technological chain of handling and 
processing. 
The existence of biogenic amines in game meat 
has a major role for two reasons: toxicologically 
and as a quality indicator. 
Therefore, we cannot control biogenic amines 
by simply refrigerating meat, because it is not 
enough, as we have stated in this review, so 
other alternative methods must be used. 
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