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Abstract. Recent trends in food quality and safety promote an increasing search for trace
compounds that can affect human health. Biogenic amines belong to this group of sub-
stances. They can cause distinctive pharmacological, physiological and toxic effects in
organisms. Their amounts are usually increasing as a consequence of the use of poor qual-
ity raw materials, during controlled or spontaneous microbial fermentation or in the
course of food spoilage. The origin of biogenic amines makes them suitable as chemical
indicators of the hygienic quality and freshness of some foods being associated to the de-
gree of food fermentation or degradation. The development of appropriate manufacturing
technologies to obtain products free or nearly free from biogenic amines is a challenge for
the meat industry. This review briefly summarises current knowledge on the biological
implications of biogenic amines on human health and collects data on the factors affecting
their formation in meat and fermented meat products.
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BIOGENIC AMINES

Biogenic amines are organic bases of low molecular weight that possess biological
activity. They can be formed and degraded as a result of normal metabolic activity in
animals, plants and microorganisms, and are usually produced by the decarboxylation of
free amino acids or by amination and transamination of aldehydes and ketones. Re-
moval of the a-carboxyl group from a precursor amino acid leads to the corresponding
biogenic amine. The names of many biogenic amines correspond to the names of their
originating amino acids. For example, histidine is decarboxylated to produce histamine,
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tryptophane to tryptamine, tyrosine is decarboxylated to produce tyramine, lysine to
cadaverine and putrescine can be produced from three amino acids: glutamine, arginine
and agmatine [Bodmer et al. 1999, Halasz et al. 1994, Maijala et al. 1995].

According to their chemical structure biogenic amines can either be: aliphatic (pu-
trescine, cadaverine, spermine, spermidine), aromatic (tyramine, f-phenylethylamine),
heterocyclic (histamine, tryptamine) [Alberto et al. 2002, Bouchereau et al. 2000,
Kaniou et al. 2001, Karovi¢ova and Kohajdova 2005, Onal 2007, Suzzi and Gardini
2003]. They have also been classified as mono-, di- and polyamines, or on the basis of
their synthesis as “natural polyamines” and “biogenic amines” [Bardocz 1995].

FUNCTIONS AND PHYSIOLOGICAL SIGNIFICANCE OF BIOGENIC AMINES

Biogenically active amines are compounds formed and broken down by usual meta-
bolic processes in the cells of living organisms. In the human, endogenously synthesised
biogenic amines fulfil an array of roles in cellular metabolism [Onal 2007].

Biogenic amines are sources of nitrogen and precursors for the synthesis of hormones,
alkaloids, nucleic acids and proteins. They can also influence the processes in the organ-
ism such as the regulation of body temperature, intake of nutrition, control of blood pres-
sure [Bouchereau et al. 2000, Jansen et al. 2003]. Tyramine and histamine also act as hor-
monal mediators in humans and animals. Psychoactive amines, such as dopamine and
serotonin, are neurotransmitters in the central nervous system [Onal 2007].

Traditionally cadaverine, putrescine, spermine and spermidine have been classified
within the group of biogenic amines. However, particularly due to their specific biological
roles in eukaryotic cells they are now becoming set apart as a distinct group-polyamines.
They are formed by de novo synthesis and play important roles in many human and ani-
mal physiological functions [Bardocz 1995]. Lovaas [1991] has demonstrated that poly-
amines inhibit the oxidation of polyunsaturated fatty acids, and its antioxidative effect is
correlated with the number of amine groups in the polyamine. The participation in cell
membrane stabilisation and cell proliferation and differentiation, since they are involved in
DNA, RNA and protein synthesis, has been of extraordinary interest as polyamines, both
formed endogenously and taken from diet, can be observed in rapidly divided cells and
tissues such as tumour cells. Control of polyamine content in the diet of cancer patients it
therefore very important [Kala¢ and Krausova 2005, Kala¢ et al. 2005, Latorre-Moratalla
et al. 2010, Onal 2007, Santos 1996, Standarova et al. 2008].

As polyamines are taken up preferentially by tissues with high demands, they could
be useful for post-operation patients or during wound healing and for growth and devel-
opment of the neonatal’s digestive system. They also seem to be necessary for the main-
tenance of normal growth and general properties of the adult digestive tract [Kala¢ and
Krausova 2005, Kalac et al. 2005].

MICROORGANISMS PRODUCING BIOGENIC AMINES

Undesired accumulation of biogenic amines in foods requires the availability of pre-
cursors (i.e. amino acids), the presence of microorganisms with amino acid decarboxy-
lases, either derived from environmental contamination or from an added starter culture
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and favourable conditions that allow bacterial growth, decarboxylase synthesis and
decarboxylase activity [Alberto et al. 2002, Bodmer et al. 1999, Karovi¢ova and Koha-
jdova 2005, Suzzi and Gardini 2003].

The capability to form biogenic amines is generally considered a strain specific
characteristic rather than a species property. It is thus difficult to find precise correla-
tions between biogenic amines contents and microorganism counts [Halasz et al. 1994,
Standarova et al. 2008, Suzzi and Gardini 2003].

Amine production has been recognised as a defense mechanism of microorganisms
against an acidic environment [Karovi¢ova and Kohajdova 2005, Suzzi and Gardini
2003]. Tkachenko et al. [2001] suggested an interesting hypothesis on the physiological
role of biogenic amines in microorganisms. Some strains, with amino acid decarboxy-
lase activity, could overcome or reduce the effects of temperature, NaCl, and other bio-
logical and chemico-physical factors that induce stress responses in the cells, with the
production of some biogenic amines.

Amino acid decarboxylases are enzymes present in many microorganisms which
may be either naturally present in food products or may be introduced by contamination
before, during or after food processing. They have been found in species of the genera
Bacillus, Clostridium, Pseudomonas, Photobacterium, as well as in genera of the family
Enterobacteriaceae, such as Citrobacter, Klebsiella, Escherichia, Proteus, Salmonella
and Shigella, and Micrococcaceae such as Staphylococcus, Micrococcus and Kocuria.
Furthermore, many lactic acid bacteria belonging to the genera Lactobacillus, Entero-
coccus, Carnobacterium, Pediococcus, Lactococcus and Leuconostoc are able to decar-
boxylate one or more amino acids [Galgano et al. 2009, Karovicova and Kohajdova
2005, Marino et al. 2000, Suzzi and Gardini 2003]. There is good evidence that in fer-
mented meat products the contaminating microflora rather than the starter cultures is
responsible for the generation of increasing biogenic amines level [Bodmer et al. 1999].

BIOGENIC AMINES IN FOOD

Low concentrations of biogenic amines are a natural characteristic of a number of
foodstuffs such as fruits and vegetables, where they are present as natural metabolic
products or intermediates. In food and beverages they are formed by enzymes of raw
material or are generated by microbial decarboxylation of amino acids during aging and
storage [Santos 1996]. Free biogenic amines shape the typical taste of mature foods and
are precursors of certain aroma compounds [Moret et al. 2005, Santos 1996]. The most
important biogenic amines occurring in foods and beverages are histamine, f-phenylet-
hylamine, tyramine, tryptamine, putrescine, cadaverine, spermine and spermidine
[Bodmer et al. 1999, Shalaby 1996, Suzzi and Gardini 2003].

Their concentrations vary extensively not only between different food varieties but
also within the varieties themselves [Bodmer et al. 1999]. In particular biogenic amines
are produced in foods where high levels of protein are present. During fermentation or
spoilage the protein breakdown products, peptides and amino acids, represent precursors
for amine formation [Bodmer et al. 1999, Straub et al. 1993, Vinci and Antonelli 2002].

Biogenic amines are present in a wide range of food products including fish and fish
products, meat and meat products, dairy products, wine, beer, vegetables, fruits, nuts
and chocolate [Bardocz 1995, Bodmer et al. 1999, Santos 1996].
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Cheese is the next (after fish) most frequently presented food item associated with
biogenic amines poisoning. The first reported case occurred in 1967 in the Netherland
and involved Gouda cheese [Stratton et al. 1991].

BIOGENIC AMINES IN MEAT AND MEAT PRODUCTS

Meat and meat products have repetitively been reported to contain biogenic amines
[Bover-Cid et al. 2006, Eerola et al. 1997, Galgano et al. 2009, Hernandez-Jover et al.
1997, Kaniou et al. 2001, Maijala et al. 1995, Ruiz-Capillas and Jiménez-Colmenero
2004]. The most prevalent biogenic amines in meat and meat products are tyramine,
cadaverine, putrescine, and also histamine [Ruiz-Capillas and Jiménez-Colmenero
2004]. The only amines present at significant levels in fresh meat are spermidine and
spermine [Hernandez-Jover et al. 1997]. High spermine contents, usually between 20
and 60 mg-kg™, are usual in meat and meat products of warm-blooded animals. Sper-
midine levels in meat rarely exceed 10 mg-kg”. Thus, an opposite relation between
spermidine and spermine contents is typical for foods of animal origin as compared with
plant products [Kala¢ and Krausova 2005].

Some amines such as tyramine, putrescine and cadaverine can be formed during
storage of meat [Galgano et al. 2009, Hernandez-Jover et al. 1996]. As tyramine con-
centrations in stored beef was found the highest on the meat surface, that it can be re-
duced effectively by washing [Kaniou et al. 2001, Paulsen et al. 2006].

Fermented meat products, constitute one of the foods in which considerable amounts
of biogenic amines can be found as a consequence of the use of poor quality raw mate-
rials, contamination and inappropriate conditions during processing and storage. Addi-
tionally, the microorganisms responsible for the fermentation process may contribute to
biogenic amines accumulation [Bover-Cid et al. 2006, Latorre-Moratalla et al. 2010].
The nonprotein nitrogen fraction which increases during fermentation includes the pres-
ence of free amino acids, precursors of biogenic amines. The major protease activity is
derived from endogenous meat enzymes. Proteolysis is favoured by the denaturation of
proteins as a consequence of acidity increase, dehydration and action of sodium chloride
[Eerola et al. 1997, Suzzi and Gardini 2003].

Fermented products with comparable microbiological profiles may differ in their
biogenic amines content, indicating that the production of such compounds depends on
a complex interaction of factors [Suzzi and Gardini 2003].

Meat raw material is the natural source of the substrate from which biogenic amines
are produced. It also is the largest component of the matrix in which the decarboxylation
reactions take place and any conditions that alter its nature and characteristics will influ-
ence the formation of biogenic amines [Ruiz-Capillas and Jiménez-Colmenero 2004].

Many authors [Eerola et al. 1997, Komprda et al. 2004, Maijala et al. 1995] ob-
served significant differences in biogenic amines content in fermented meat products
depending on raw material hygienic quality. However, the same raw material can lead to
very different amine levels in final products depending on the presence of decarboxylat-
ing microorganisms, either derived from environmental contamination or from starter
cultures, and the conditions supporting their growth and activity.

Amines content and profiles may vary depending on various extrinsic and intrinsic fac-
tors during the manufacturing process, such as pH, redox potential, temperature, NaCl,
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the size of the sausage, hygienic conditions of manufacturing practices, and effect of
starter cultures [Gardini et al. 2001, Komprda et al. 2004, Latorre-Moratalla et al. 2008].

pH is a key factor influencing the amino acid decarboxylase activity. Bacterial
amino acid decarboxylases usually have acid pH optimum. Decrease of pH results in
increasing decarboxylase activity of bacteria. In these conditions bacteria produce more
decarboxylases as part of their protective mechanism. However, rapid and sharp reduc-
tion in pH is known to reduce the growth of the amine-positive microorganisms [Maija-
la et al. 1995].

The redox potential of the medium also influences biogenic amines production.
Conditions resulting in a reduced redox potential stimulate histamine production, and
histidine decarboxylase activity seems to be inactivated or destroyed in the presence of
oxygen [Karovicova and Kohajdova 2005].

Amine formation by bacteria is decisively influenced by temperature. Temperature
between 20°C and 37°C is optimal for the growth of the most bacteria containing decar-
boxylases, decreased temperature stops their growth [Karovicova and Kohajdova 2005].

Relatively less attention is devoted to the effect of the chemical substances added
during manufacture of the fermented meat products. Despite the known antimicrobial
properties of some spices, the direct evaluation of an effect of spices on microflora in
relationship with biogenic amines production is not present in available literature
[Komprda et al. 2004]. According to Suzzi and Gardini [2003] biogenic amines accumu-
lation decreases markedly with the increase of NaCl concentration, while proteolytic
activity is higher for intermediate concentration of salt, pointing out that there is not
necessarily a correlation between these two variables. Karovicovd and Kohajdova
[2005] reported that presence of sodium chloride activates tyrosine decarboxylase activ-
ity and inhibits histidine decarboxylase activity.

A relationship was also found between biogenic amines content and the size of dry
fermented sausages. The diameter of the sausage affects the environment in which mi-
croorganisms grow; for example, salt concentration is usually lower and water activity
is higher in sausages with a larger diameter. A larger diameter may be one of the reasons
for a higher production of certain amines, such as tyramine and putrescine. Generally,
biogenic amines levels in the bigger diameter sausages were higher than in the thinner
sausages and in the central part of the sausages than in the edge [Ruiz-Capillas and
Jiménez-Colmenero 2004, Suzzi and Gardini 2003].

The importance of using measures focused on the hygienic quality of both raw mate-
rial and processing units to avoid the development of aminogenic contaminant bacteria
and in turn, to reduce biogenic amines content, is well known. However, proper hygiene
may not be enough to avoid some biogenic amines formation and other technological
measures must be applied [Latorre-Moratalla et al. 2010].

THE ROLE OF STARTER CULTURES IN BIOGENIC AMINES FORMATION

The choice of suitable starter culture with aminooxidase activity is fundamental in
preventing the formation of high levels of biogenic amines in fermented meat products
[Karovi¢ova and Kohajdova 2005, Suzzi and Gardini 2003].

The selection of lactic acid bacteria with application in meat fermentation has to take
in consideration the various, specific requirements of the fermentation process [Roig-
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-Sagués and Eerola 1997]. The inability of the culture to form biogenic amines but also
its ability to grow well at the temperature intended for processing of the product and
competitiveness in suppressing the growth of wild amine producing microflora should
be taken into consideration in the selection of starter cultures [Suzzi and Gardini 2003].
The formation by the strains of bacteriocin (for example curvacin A) can increase their
competitiveness [Hammes and Hertel 1996]. A rapid pH decrease caused by amine
negative starter cultures can largely prevent biogenic amines accumulation in fermented
meat products. Moreover, starter cultures able to compete with nonstarter bacteria dur-
ing the later phase of ripening and throughout storage can further avoid excessive bio-
genic amines production [Suzzi and Gardini 2003].

Some authors cited by Lu et al. [2010] and Gonzalez-Fernandez et al. [2003] held
that the use of starter cultures was not sufficient to avoid the presence of biogenic
amines in some fermented meat products. However, other works cited by the same au-
thors have indicated that addition of negative amine-producer starter culture to carry out
a controlled fermentation could be an advisable practice to prevent excessive amine
accumulation. This fact could be related with the lack of effectiveness of the starter
culture depending on the hygienic quality of the raw material used.

Lactic acid bacteria, responsible for the acidification process together with micro-
cocci and/or coagulase-negative staphylococci contribute to color formation and aroma
development as a result of their proteolytic and lipolytic activities are the microorgan-
isms widely used in the meat industry as starter cultures [Latorre-Moratalla et al. 2010,
Suzzi and Gardini 2003].

In Europe strains of Lactobacillus curvatus and Lactobacillus sake are usually used.
However, some strains of Lactobacillus curvatus used as starter cultures form up to four
different biogenic amines and should not be used. Strains of Lactobacillus sake are free
of this potential [Kotozyn-Krajewska and Dolatowski 2009, Vinci and Antonelli 2002].
This indicates that Lactobacillus sake may be more suitable than Lactobacillus curvatus
for use as a starter culture to prevent the formation of biogenic amines [Roig-Sagués
and Eerola 1997].

DETOXIFICATION OF BIOGENIC AMINES

Under normal conditions, during the food intake process in the human gastrointesti-
nal system, low amounts of exogenous biogenic amines absorbed are metabolized to
physiologically less active degradation products. This detoxification system providing
protection from small amounts of biogenic amines normally presented by foods includes
specific enzymes: monoamine oxidase (MAO, EC 1.4.3.4), diamine oxidase (DAO, EC
1.4.3.6) and polyamine oxidase (PAO, EC 1.5.3.11). However, in the case of allergic
individuals or upon intake of high loads of biogenic amines in foods, the detoxification
system is unable to eliminate these biogenic amines sufficiently. If detoxification is
inefficient, biogenic amines are readily absorbed and get into systemic circulation, lead-
ing to toxic effects [Bardocz 1995, Bodmer et al. 1999, McCabe-Sellers et al. 2006,
Onal 2007, Standarova et al. 2008].

Individuals with respiratory and coronary problems or those with hypertension or vi-
tamin B, deficiency are sensitive to lower doses of biogenic amines [Barddcz 1995].
People with gastrointestinal problems (gastritis, irritable bowel syndrome, Crohn’s
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disease, stomach and colonic ulcers) are also at risk because the activity of oxidases
in their intestines is usually lower than that in healthy individuals. Patients, who are
taking medicines with inhibiting effect to MAO, DAO and/or PAO such as painkillers,
psychopharmaceutics, and drugs used for the treatment of Alzheimer’s and Parkinson’s
diseases might have a changed metabolism of biogenic amines, which can cause healthy
problem [Bouchereau et al. 2000, Hernandez-Jover et al. 1997, Kala¢ and Krausova
2005, Latorre-Moratalla et al. 2008, Moret et al. 2005]. Other compounds, like alcohol
and acetaldehyde, also can augment the toxic potential of biogenic amines, since they
promote the transportation of these through the intestinal wall [Ruiz-Capillas and Jimé-
nez-Colmenero 2004]. The toxic potential of these dietary amines is even more alarm-
ing if we consider that approximately 20% of the European population regularly con-
sumes MAOI drugs as antidepressants, which inhibit aminooxidase activity [Ruiz-
-Capillas and Jiménez-Colmenero 2004].

Polyamines, such as putrescine, cadaverine, spermidine and spermine, although not
exerting a direct toxic effect, inhibit histamine or tyramine detoxifying enzymes and
thus act as potentiators of their toxicity. These amines in the intestinal tract compete for
the detoxifying enzymes that tend to increase the level of histamine and tyramine
in blood [Al Bulushi et al. 2009, Bodmer et al. 1999, Eerola et al. 1997, Kaniou et al.
2001, Karovic¢ova and Kohajdova 2005, Maijala et al. 1995, Moret et al. 2005, Onal
2007, Standarova et al. 2008].

TOXICOLOGY OF BIOGENIC AMINES

Due to their psychoactive and vasoactive properties, some biogenic amines intro-
duced with the diet can cause distinctive pharmacological and toxic effects [Hernandez-
-Jover et al. 1997].

The most conspicuous symptoms of consumption of high doses of biogenic amines
are vomiting, respiratory difficulties, perspiration, palpitation, hypo- or hypertension
and migraine [Kordiovska et al. 2006].

Psychoactive amines, such as histamine, putrescine and cadaverine can cause some
neurotransmission disorders due to their action as false neurotransmitters. Some aro-
matic amines (tyramine, tryptamine, and B-phenylethylamine) show a vasoconstrictor
action while others (histamine and serotonin) present a vasodilatador effect in blood
vessels, capillaries and arteries, causing headaches, hypotension, flushing, gastrointesti-
nal distress and oedemas [Gonzalez-Fernandez et al. 2003, Komprda et al. 2004, McCabe-
-Sellers et al. 2006, Onal 2007, Standarova et al. 2008, Vinci and Antonelli 2002].

The vasoconstrictor amines, largely tyramine, have been proposed as the initiators of
hypertensive crisis in certain patients and of dietary-induced migraine. The physiologi-
cal effects of tyramine include: peripheral vasoconstriction, increased cardiac output,
increased respiration, elevated blood glucose, and release of norepinephrine [McCabe-
-Sellers et al. 2006, Onal 2007] Tyramine may also induce brain haemorrhage and heart
failure [Standarova et al. 2008].

Adverse reactions as a result of biogenic amines are often classified as intolerance
reactions, also called pseudoallergy or false food allergy. Intolerance is a form of hyper-
sensitivity, which is not mediated by the immune system, in contrast to allergic reactions
[Jansen et al. 2003].
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The most frequent foodborne intoxications caused by biogenic amines involve his-
tamine, which is also referred to as scombroid fish poisoning because this illness is
usually related to the consumption of scombroid fish, such as tuna, mackerel, and sar-
dines [Santos 1996].

High histamine consumption causes life threatening intoxication, lower amounts can
lead to headache, nausea, hot flushes, skin rashes, sweating, respiratory distress, cardiac
and intestinal problems. Another phenomenon is the hypertensive crises called “cheese
reaction”, following consumption of food rich in tyramine such as aged cheese, wine,
beer and yeast extracts but also vegetables such as sauerkraut, broad bean, banana peel
and avocado [Alberto et al. 2002, Bodmer et al. 1999, Hernandez-Jover et al. 1997,
Karovi¢ova and Kohajdova 2005, Onal 2007, Ruiz-Capillas and Jiménez-Colmenero
2004].

As far as possible negative aspects of the consumption of meat and meat products
are concerned, growing attention is devoted to the polyamines which have no adverse
health effect, but have been described as potential precursors of stable carcinogenic
N-nitrosamines and to enhance the growth of chemically induced aberrant crypt foci in
the intestine. Formation of N-nitroso compounds, constitutes an additional toxicological
risk associated to biogenic amines, especially in meat products that contain nitrite and
nitrate salts as curing agents [Karovicova and Kohajdova 2005, Komprda et al. 2004,
Onal 2007, Santos 1996].

The reaction of nitrosating agents with primary amines produces short-lived alkylat-
ing agents that react with other components in the food matrix to generate products
(mainly alcohols) devoid of toxic activity in the relevant contents. Secondary amines are
known to form carcinogenic N-nitrosamines by reaction with nitrosating compounds,
while tertiary amines produce a range of labile N-nitroso products. However, as primary
biogenic amines can convert to secondary amines, not only on heating but also during
storage at room temperature, and further reaction with nitrite can occur. In fatty foods,
such as bacon, at high temperature and in the presence of water, the carcinogen
N-nitrosopyrrolidine and N-nitrosopiperidine can be formed from secondary amines
such as putrescine or spermidine [Eerola et al. 1997, Gonzalez-Fernandez et al. 2003,
Karovi¢ova and Kohajdova 2005, Onal 2007, Santos 1996].

LEGAL LIMITS

Although the toxicity of biogenic amines is beyond all doubt, determination of the
exact toxicity threshold of biogenic amines in a given food product is extremely diffi-
cult, because their effect does not depend on their presence alone, but is also influenced
by other compounds and by the specific efficiency of the detoxifying mechanisms in
different individuals. Hence, the toxicity of biogenic amines will depend on factors
associated with the food itself (quantitative and qualitative) and also on factors associ-
ated with the consumer (individual susceptibility and state of health) [Eerola et al. 1997,
Gardini et al. 2001, Halasz et al. 1994, Ruiz-Capillas and Jiménez-Colmenero 2004].

Histamine is the amine most studied with regard to its toxicological effects. An in-
take of 5-10 mg of histamine can be considered as defecting to some sensitive people,
10 mg is considered as tolerable limit, 100 mg induce a medium toxicity and 1000 mg is
highly toxic [Karovicova and Kohajdova 2005, Santos 1996]. Other authors [Eerola et
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al. 1997, Gardini et al. 2001, Hernandez-Jover et al. 1997, Santos 1996] suggested fol-
lowing toxic limits of histamine: 8-40 mg causes slight poisoning, 40-100 mg interme-
diate poisoning and over 100 mg can cause intensive poisoning. On the basis of data
from food intoxication outbreaks a legal upper limit of 100 mg histamine-kg™” food and
2 mg-1" of ethanol has been suggested.

The European Union has established regulations according to which histamine level
should be below 100 mg-kg ' in raw fish, and below 200 mg-kg™" in salted fish for spe-
cies belonging to the Scombridae and Clupeidae families [Karovicova and Kohajdova
2005].

Less is known about the toxic doses of other amines. The recommended maximum
level of tyramine has been proposed variously to be in the range of 100-800 mg-kg" of
food. Value of 30 mg-kg" for B-phenylethylamine has been reported as toxic dose in
food [Gardini et al. 2001].

ANALYTICAL METHODS FOR DETERMINATION OF BIOGENIC AMINES

There are two reasons for the determination of amines in foods: the first is their po-
tential toxicity; the second is the possibility of using them as food quality markers [Onal
2007].

The main drawbacks in the analysis of biogenic amines in food are the complexity
of matrix sample (e.g. presence of free amino acids), the presence of potentially interfer-
ing compounds, the low concentration levels at which the compounds are present in the
samples and the occurrence of several biogenic amines simultaneously [Alberto et al.
2002, Karovi¢ova and Kohajdova 2005, Onal 2007, Shalaby 1996].

For separation and quantitative determination of biogenic amines in foods several
methods have been developed [Alberto et al. 2002, Karovicova and Kohajdova 2005,
Koviacs et al. 1999]. The extraction of amines represents the critical step of the process
and it affects negatively the analytical recoveries. After extraction, the determination of
biogenic amines is most commonly performed by means of chromatographic methods:
gas chromatography, thin-layer chromatography, and high-performance liquid chroma-
tography (HPLC). Biochemical assays and capillary electrophoresis have also been
described [Onal 2007].

Detection by means of UV absorbance is only possible for the heterocyclic and aro-
matic amines. As most aliphatic amines show neither natural UV absorption nor fluo-
rescence, most methods require that amines should be derivatised before detection, or
indirect detection can be used [Kovacs et al. 1999, Krischbaum et al. 1997, Straub et al.
1993].

BIOGENIC AMINES AS A QUALITY INDEX

The concentrations of some biogenic amines (tyramine, putrescine, and cadaverine)
normally increase during the processing and storage of meat and meat products,
whereas others (spermidine and spermine) decrease or remain constant [Bardocz 1995,
Halasz et al. 1994, Ruiz-Capillas and Jiménez-Colmenero 2004]. Therefore their
amounts and ratios have been proposed as an index of the hygienic conditions of raw
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material and/or manufacturing practices since their amount increase during microbial
fermentation or spoilage [Alberto et al. 2002, Latorre-Moratalla et al. 2008, McCabe-
-Sellers et al. 2006].

The usefulness of biogenic amines as a quality index will depend on the nature of
the product; results tend to be more satisfactory in fresh meat and heat-treated products
than in fermented products. In the latter, they seem to be of very limited use [Ruiz-
-Capillas and Jiménez-Colmenero 2004].

The so-called “biogenic amine index” (BAI) introduced by Mietz and Karmas
[1977] for fish and seafood was calculated according to the equation:

_ cHim + cPut +cCad
1+ cSpd + cSpm

BAI

with Him — histamine, Put — putrescine, Cad — cadaverine, Spd — spermidine, Spm —
spermine (c — concentration, mg-kg™).

Meat freshness should be evaluated by considering an amine index, which includes
all the biogenic amines related to meat spoilage. As tyramine increases considerably
during meat storage, this biogenic amine should also be included in a BAI. This is the
case of the BAI of putrescine + cadaverine + histamine + tyramine, proposed by Wort-
berg and Woller [1982] and Hernandez-Jover et al. [1996]. Wortberg and Woller [1982]
established 500 mg-kg' as the limit for Bologna sausage, minced beef and pork.
Hernandez-Jover et al. [1996] suggested the following limits: BAI <5 mg-kg™ for good
quality fresh meat; between 5 and 20 mg-kg™' for acceptable meat, but with initial spoil-
age signs; between 20 and 50 mg-kg’ for low meat quality; finally, >50 mg-kg" for
spoiled meat.

Not all spoilage or starter microorganisms can decarboxylate free amino acids. Even
within the same species, not all strains develop the same decarboxylating capacity, so that
a low biogenic amine concentration does not always signal good microbiological quality.
There is, therefore, no simple matter to establish a biogenic amine index that reliably
predicts quality for products of this kind [Ruiz-Capillas and Jiménez-Colmenero 2004].

SUMMARY

The biogenic amines content of various foods has been widely studied because of
their potential toxicity. Any foodstuffs produced by fermentation or exposed to micro-
bial contamination during processing or storage may contain biogenic amines. Monitor-
ing of biogenic amines levels in fresh and processed foods and beverages is of great
interest not only for their toxicological risk, but also because in non-fermented food
these compounds can be a useful indicator of undesired microbial activity.

Today, consumers increasingly prefer high-quality products that are minimally proc-
essed, safe, etc., and the meat industry is, therefore, looking for emerging technologies
that can achieve this in processing and storage. There is a clear interest in the study of
toxicity of biogenic amines and the factors determining their formation in the context of
meat processing conditions and preservation.

There are a few common parameters which can be defined for low-biogenic amines
technology. First, high quality raw materials, free of biogenic amines, must be used.
Additionally, proper and careful treatment of raw materials until processing is abso-
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lutely crucial. Growth and activity of decarboxylasepositive microorganisms must be
avoided, and activity of endogenous proteases and amino acid decarboxylases have to
be inhibited by technological measures and proper and hygienic production conditions.
If microbial transformations are a part of the production process, use of carefully se-
lected, decarboxylase negative starter cultures for these fermentations is important, as
well as processing conditions which favour the growth of the starter strains.
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AMINY BIOGENNE W MIESIE I FERMENTOWANYCH PRODUKTACH
MIESNYCH

Streszczenie. Obecne tendencje w zapewnianiu jakosci i bezpieczenstwa zywnosci kon-
centrujg si¢ na poszukiwaniu substancji §ladowych, ktorych obecno$¢ w zywnosci moze
niekorzystnie oddziatywa¢ na zdrowie cztowieka. Do substancji tych nalezag aminy bio-
genne. Ich spozycie z zywnosciag moze mie¢ w organizmie charakterystyczne skutki far-
makologiczne, fizjologiczne i toksyczne. Zawarto$¢ amin biogennych jako metabolitow
bakteryjnych wzrasta wskutek ztej jakosci higienicznej uzytego surowca, w czasie kontro-
lowanej badz spontanicznej fermentacji oraz w wyniku zepsucia zywnosci. Ze wzgledu na
mechanizm powstawania, st¢zenie amin biogennych moze by¢ wskaznikiem jakosci hi-
gienicznej i $wiezosci wynikajacej ze stopnia zaawansowania proceséw fermentacyjnych
lub rozkladczych produktow spozywczych. Wyzwaniem dla przemystu migsnego jest
opracowanie technologii produkcji stuzacych minimalizacji zawarto$ci amin biogennych
w wyrobach migsnych. Celem opracowania byto podsumowanie aktualnego stanu wiedzy
o wplywie amin biogennych na zdrowie cztowieka oraz czynnikach warunkujacych ich
tworzenie w migsie i fermentowanych produktach migsnych.

Stowa kluczowe: aminy biogenne, fermentowane produkty migsne, bezpieczenstwo zyw-
nosci

Accepted for print — Zaakceptowano do druku: 5.07.2010

For citation — Do cytowania: Stadnik J., Dolatowski Z.J., 2010. Biogenic amines in meat and
fermented meat products. Acta Sci. Pol., Technol. Aliment. 9(3), 251-263.

Acta Scientiarum Polonorum, Technologia Alimentaria 9(3) 2010



