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Biogenic amines (BAs) consist of organic nitrogenous compounds produced by the amino acid’s
decarboxylation. They are present in various foods, such as meat products, and are associated
with several health hazards. In meat, BAs are produced by the action of microorganisms that
can decarboxylate amino acids. BAs can also be produced in meat naturally by enzymatic
pathways. Tyramine, histamine, cadaverine, and putrescine are BAs frequently found in meat
products. BAs are frequently found in fish depending on the species and time-temperature
control, but can also be present in meat, particularly in canned, cured and fermented meat
products. BAs are associated with various health disorders and toxicological effects including
cardiovascular, respiratory and gastrointestinal system problems. Numerous factors influence
the BAs generation in meat products. Factors such a handling, storage temperature, and
processing procedures are essential for minimizing the risk of BAs formation to ensure food
safety. Plant extracts and spices, play a multifaceted role in regulating BAs developments in
diverse food items. Plant extracts containing phenolic/polyphenols, terpenoids and alkaloids
have exhibited antimicrobial properties that can hinder the growth of microorganisms
responsible for producing amines, consequently reducing BAs formation. Also, spices
frequently contain compounds that impede the enzymatic conversion of precursor amino acids
into biogenic amines.

1. Introduction

Biogenic amines (BAs) are naturally appearing nitrogen-
containing compounds present in foods and beverages,
particularly in fermented products. The classification of these
compounds is determined by both their chemical composition
and the quantity of amine groups present within their molecular
structure. They can also be classified based on their origin or
synthesis, which includes endogenous and exogenous sources.
Endogenous sources can be further divided into dietary and non-
dietary sources, while exogenous sources can be microbial or
plant/animal in origin (Linares et al. 2011; Ruiz-Capillas and
Herrero 2019).

BAs serve essential functions in both eukaryotic and
prokaryotic cells. They have an important role and act as
precursors for the synthesis of nucleic acids, alkaloids, proteins,
and hormones, and function as neurotransmitters in the nervous
system. Spermidine and putrescine are required for important
biological functions, such as DNA and protein synthesis, and
modulating RNA. In prokaryotic cells, BA production is related
to defense mechanisms against acidic stress, generation of
energy, and osmotic and oxidative stress responses (Premont et
al. 2001; Santos 1996).

BAs are synthesized in food by bacterial decarboxylation of
amino acids, particularly under certain conditions such as high
temperature and humidity. Excessive consumption of BAs can
lead to health issues, and the accumulation of BAs in products is
an important concern for food safety and quality. The production

of BAs is generally affected by various conditions and factors,
such as type of meat, processing conditions, and storage
temperature (Naila et al. 2010). Many microorganisms have the
ability to produce BAs, and proper hygiene and sanitation
practices (Wojcik et al. 2021), controlling temperature and pH
during processing, and using microbial starter cultures can
decrease BAs accumulation in meat (Gardini et al. 2016).

The formation of BAs is directly dependent on
microorganisms with decarboxylase activity (Bardocz 1995).
Various factors, such as pH, water activity, and temperature can
affect the formation of BAs. The microbial load and diversity of
bacteria can also impact BAs formation in food (Jairath et al.
2015). Moreover, the formation of BAs is contingent on the
existence of microorganisms that produce amino acid
decarboxylase and the accessibility of free amino acids, which
serve as essential precursors (Ruiz-Capillas and Moral 2001).

Using specific starter cultures (Landete et al. 2007), lowering
pH during fermentation (Gardini et al. 2016), reducing salt
concentration, and adding food additives and preservatives are
effective strategies for reducing BAs levels in fermented foods
(Kongpun and Suwansakornkul 2000). Processing technologies
such as high-pressure processing, irradiation, vacuum packaging,
and smoking have also been shown to reduce BAs levels in food
products (Naila et al. 2010).

Plant extracts have a significant impact on microbial growth
and the formation of BAs. These substances can either inhibit or
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promote microbial growth, depending on their composition. Plant
extracts, such as thyme essential oil (EO), green tea extract,
rosemary extracts, sage and tea have been successful in inhibiting
the spoilage bacteria growth and reducing the accumulation of
BAs in various food products (Bozkurt 2006; Cai et al. 2015;
Huang et al. 2021; Lu et al. 2015; Ozogul et al. 2015). Plant
extracts and essential oils have also been found to decrease BAs
formation, improving the safety of products (Wang et al. 2021).

Spices such as red pepper, ginger, garlic, clove, cinnamon,
and others have been shown to influence the levels of BAs in food
products. Red pepper's capsaicin can reduce BAs in sausages
(Hirasa 1998), while cinnamon have inhibitory effects on BAs
production (Shakila et al. 1996). These spices can enhance food
safety by limiting the growth of BAs-producing bacteria and
reducing amine levels in various dishes, including fermented
sausages and anchovy products (Lu et al. 2015).

The aim of this review is to find out the effect of some food
additives, plant extracts, and spice extracts on the formation of
BAs in food products and especially meat products. Also, this
review aims to shed light on the conditions that favor the
formation of BAs, as well as the permissible limits for their
presence in food products in general.

2. Classification of Biogenic Amines

BAs can be categorized according to their chemical structure
(Fig. 1). Aromatic compounds, such as phenylethylamine and
tyramine, aliphatic compounds, such as cadaverine, spermidine,
spermine, and putrescine, and heterocyclic compounds, such as
histamine and tryptamine, are among the classifications (Ruiz-
Capillas and Jiménez-Colmenero 2005; Smith  1981).
Furthermore, it is possible to categorize them based on the
number of amine groups they contain, which includes
monoamines (like tyramine and phenylethylamine), diamines
(such as putrescine and cadaverine), and polyamines (including
spermine and spermidine). According to certain researchers,
polyamines such as spermine and spermidine should not be
regarded as BAs because they are generated through a
condensation process following decarboxylation (Linares et al.
2011).

Aliphatic amine
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BAs can also be grouped according to their origin or
synthesis. BAs can be endogenous, produced by living
organisms, or exogenous, produced by microbial activities in
foods. Endogenous BAs are synthesized by living organisms
during normal metabolism or in response to various stimuli, such
as stress, infection, or injury. Exogenous BAs are produced by
microbial activities in foods, such as fermentation or decay
(Linares et al. 2011; Prester 2011; Santos 1996).

3. Influential Factors in the Formation of Bas

Several factors impact the formation of BAs, including
composition of meat (such as protein, free amino acids, fat
content, etc.), pH, and raw material source, and also, the
existence of free amino acids (FAASs) is directly related to
proteolysis since they provide a substrate for BAs production
(Fig 2). A majority of the microorganisms present in meat during
storage and treatment increase precursor concentrations through
proteolytic reactions. Two key elements are required to form BAs
in products: free amino acids, which serve as the basic precursors,
and microorganisms that possess amino acid decarboxylases. The
presence of a suitable environment that promotes the growth of
these microorganisms is also essential (Ruiz-Capillas and
Jiménez-Colmenero 2005).

Studies have shown that BAs can be affected by the type of
meat source. A few studies have suggested that packed meat
products containing only pork (e.g., cooked and cured ham) tend
to have a lower level of histamine and tyramine formation than
derivatives containing pork and beef (chorizo, salchichon,
salami, or Bologna sausages), which tend to have higher levels
of tyramine formation (Vidal et al. 1990; Wortberg and Woller
1982).

Temperature is another critical factor that can influence the
production of BAs in food (Suzzi and Gardini 2003). Bacterial
growth and enzyme activity are temperature-dependent, and
20°C to 37°C is the optimal temperature range for BAs formation
(Karovi¢ova and Kohajdova 2005). However, different bacterial
species have different temperature requirements for BA
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Figure 1. The precursors of BAs and their structures (Li and Lu 2020).
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Figure 2. Effect of different factors on BAs formation (Ruiz-Capillas and Herrero 2019).

formation, and some bacteria can produce BAs at lower
temperatures (Halasz et al. 1994). Microbial development can
also be slowed down by freezing fish between -18 and -30°C, but
certain enzymatic and nonenzymatic processes and reactions may
still occur (Karoui et al. 2017; Sampels 2015; Stonehouse and
Evans 2015).

Due to the fact that they are amines precursors and serve as
microbial development substrates, FAAs play a crucial part in the
production of BAs in meat and meat products. Concentrations
rise in tandem with proteolytic activities occurring during
treatment and storage, primarily because of the numerous
bacteria present. However, it has not been feasible to demonstrate
a clear correlation between free amino acids concentrations and
the production of the equivalent BAs in meat, such as fish (Eerola
et al. 1996; Ruiz-Capillas and Moral 2001).

The pH balance has a substantial influence on the level of
BAs due to two mechanisms that affect their production. Acidity
inhibits the growth of microorganisms by affecting their growth
(Jairath et al. 2015; Maijala et al. 1993). As a method of defense
against acidic media, bacteria produce more decarboxylase when
the pH drops because low pH encourages them to do so (Cid et
al. 2008). BAs are produced as pH decreases due to increased
decarboxylase activity. The decarboxylation of amino acids
requires a pH above 4.5, and bacterial species such as
Enterobacteriaceae and Pseudomonas can produce BAs at pH
values between 5.0 to 9.0. In contrast, lactic acid bacteria require
lower pH values for BA formation, between 4.5 to 6.5 (Halasz et
al. 1994). They underscored that inducing a swift and substantial
drop in the pH of sausages can be an effective measure to inhibit
the proliferation of amine-positive microorganisms, particularly
the Enterobacteriaceae family, thereby safeguarding meat
products from the formation of BAs (Bover-Cid et al. 2006).

4. Plant and Spices Extracts to Control Biogenic
Amines

Plant and spices extracts have a significant impact on
microbial growth and the formation of biomolecules. They can
inhibit or promote microbial growth, depending on the specific
compounds they contain. Additionally, they play a role in
providing essential amino acids and stimulating their production.
Understanding these effects is vital for optimizing nutrition
strategies and has applications in various fields. Some reduction
techniques of BAs are explained in the titles below.

4.1. Plant Extracts and Bioactive Compounds

Ozogul et al. (2015) conducted a study to examine the effect
of various levels of carvacrol on the BAs production by different
pathogenic bacteria. The study encompassed a range of bacteria,
including Pseudomonas aeruginosa, Salmonella paratyphi A,
Klebsiella pneumoniae, Staphylococcus aureus, E. faecalis, E.
coli, A. hydrophila, and Listeria monocytogenes. The findings
revealed that all the bacteria tested had the ability to
decarboxylate multiple amino acids, and the concentration of
carvacrol, as well as the bacterial species, influenced the
reduction in BAs formation.

Also, the use of green tea extract in Turkish dry-fermented
sausage resulted in a decrease in the levels of tyramine,
putrescine, and histamine as compared to the control (Bozkurt
2006). The impact of thyme essential oils on the accumulation of
biogenic BAs was investigated in traditional horse meat sausages
in Xinjiang. The inclusion of thyme essential oil resulted in a
reduction in BAs levels (specifically, tyramine, putrescine,
cadaverine, and histamine) (Kiizek et al. 2018). When 5% garlic
extract was added to fermented anchovies, the quantity of BAs
was decreased by around 8.7% (Mah et al. 2009).

© Akdeniz University Faculty of Agriculture



30 Al Bayati and Cengiz/Mediterr Agric Sci (2024) 37(1): 27-31

Recently, the growing demand for natural products and the
shift away from synthetic additives in the food industry has led
to an upsurge in the use of essential oils as natural flavor and
aroma enhancers. Essential oils such as clove, which contain
eugenol, possess antibacterial properties that can delay the
accumulation of BAs in mackerel caused by E. aerogenes
(Nandanie and Sakaguchi 1993). Additionally, the utilization of
a blend of thymol, lemon extract, and grapefruit seed extract in
conjunction with modified atmosphere packaging (MAP)
successfully prevented the presence of amines in blue fish
burgers (Del Nobile et al. 2009).

Furthermore, thyme essential oil decreased the overall
bacterial count and particularly the Gram-negative
Enterobacteriaceae family (Huang et al. 2021). Plant extracts
were successful in stopping the proliferation of spoilage bacteria
and also hindered the buildup of BAs (Cai et al. 2015; Lu et al.
2015). The level of BAs reduction was dependent on both the
concentration of the essential oil and the type of bacteria present
(Ozogul et al. 2015). The primary bioactive antimicrobial agents
present in thyme extracts that were effective in preventing BAs
formation in sausages were carvacrol and thymol (Burt 2004).
The use of rosemary extracts and sage tea was found to
significantly inhibit histamine formation in sardines' muscles
(Ozogul et al. 2011). In a previous study, it was observed that the
formation of BAs was inhibited by the antibacterial activity of
plant extracts. For example, tea polyphenols were effective in
reducing biosynthesis by inhibiting the growth of bacteria
responsible for biosynthetic amine production (Fan et al. 2015).

4.2. Spices Extracts

Spices are aromatic plant substances that are used to flavor
and color foods. They have been found to have an impact on the
BAs accumulation in food. A study by Komprda et al. (2004)
findings indicated that the significant red pepper content, in
combination with the use of starter cultures, led to a reduced BAs
content in dry fermented sausages. Red pepper, owing to its
capsaicin content, is recognized for its ability to inhibit the
proliferation of specific bacterial strains (Hirasa 1998). The
impact of different spices, including cinnamon, clove, ginger, red
pepper, on diminishing the levels of BAs in myeolchi-jeot, a
traditional Korean salted and fermented anchovy preparation,
was examined. Ginger extract was observed to decrease the
presence of putrescine, while red pepper extract was effective in
lowering cadaverine accumulation (Mah et al. 2009). Other
studies have also showed that cinnamon and clove can reduce
production histamine by M. morganii by up to 95% (Shakila et
al. 1996). The inhibition of tyramine formation was observed
with the addition of spice extracts such as cinnamon, clove, and
anise (Shakila et al. 1996). A study showed Red drum filets
(Sciaenops ocellatus) that were treated with 4 ml L' of
spearmint, clove, and cumin oils had a low content of BAs,
particularly histamine, putrescine, and cadaverine (Cai et al.
2015). A study was conducted to investigate the impact of ginger,
cinnamon, and anise essential oils on the level of BAs in
fermented sausage. The findings showed that the addition of
0.3% ginger, 0.3% anise, and 0.3% cinnamon essential oils
resulted in reductions of total BAs by 28.58%, 34.87%, and
21.63%, respectively. These results suggest that tea polyphenol
and plant essential oils, particularly anise essential oil, can be
utilized to decrease the BAs formation and inhibit the growth of
spoilage bacteria in fermented sausage, which can ultimately
enhance its safety (Wang et al. 2021). In addition, plant extracts
such as cinnamon, cloves, ginger, and fennel were found to be

effective in inhibiting the growth of BAs-producing bacteria,
thereby reducing levels of BAs in fermented sausages (Lu et al.
2015).

5. Conclusion

In conclusion, plant extracts have a significant impact on
microbial growth and BAs accumulation in food. They can either
promote or inhibit microbial growth depending on their
composition and provide essential amino acids crucial for overall
health and protein synthesis. Determination of microbiological
compositions and amino acid contents in the samples is a critical
step in understanding the formation of BAs. Reducing BASs in
food is essential for food safety and quality. New extraction
techniques and reducing methods to obtain high effective active
ingredients from plant materials such as thyme, clove, anise,
green tea and spices should be studied further in the future.
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