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ABSTRACT

Presented in several types of food, bioactive amines are described as organic bases of low molecular weight. They
have vasoactive, psychoactive and toxicological characteristics and constitute a potential health risk. The con-
centration of amines formed in foods depends on the type of microorganisms present, the action of decarboxylase
enzymes produced by microorganisms on specific amino acids and favorable conditions for enzymatic activity.
The presence of these chemical metabolites has been suggested as a quality indicator in routine analyzes for food
production and marketing monitoring. The detection of bioactive amines can be performed by chromatographic
methods, fluorometric and enzymatic kits. Bioactive amine formation can be prevented mainly through the
adoption of good manufacturing practices, but the industry can also use other methods such as temperature
control in the production chain, modified atmosphere packaging and food irradiation. This review aims to ad-
dress the formation of bioactive amines in foods, emphasizing the formation and classification of these metabo-
lites, aspects related to health, acceptable limits, detection methods and control methods used in the industry to
ensure food safety and quality. The success of this approach is linked to the importance of bioactive amines as
quality indicators, as well as the discussion on the development of methodologies for determining these sub-
stances and discussion of acceptable parameters in food.
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1. Introduction through two biochemical routes: by the action of endo-
genous decarboxylase enzymes, i.e. enzymes naturally
present in food or by exogenous decarboxylase enzymes
produced by microorganisms [5,6]. These microorgan-
isms may constitute the characteristic microbiota of the
product or may be introduced before, during or after food
processing [7]. The concentration and formation of dif-
ferent types of amines are directly related to the nature of
the food and type of microorganism present [8,9].
Biogenic amines are present in low concentrations or
are not detected in fresh food; however, in food of animal
origin such as fish, meat, eggs, cheese and fermented

Bioactive amines are low molecular weight organic bases
produced by the metabolism of plants, animals and mi-
croorganisms [1,2]. These amines can be detected in
fresh and processed foods and can be formed by trans-
amination of aldehydes and ketones, hydrolysis of nitro-
gen compounds, thermal decomposition or by decarbox-
ylation of amino acids [2,3].

Amino acid decarboxylation is the main route of bio-
genic amine formation and consists of the removal of the
a-carboxyl group from the amino acid structure forming

the correspondent amine [4]. This reaction may occur
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foods, they can be present in high concentration able to
induce a chemical poisoning [6]. In the case of fish, his-

FNS


http://www.scirp.org/journal/fns
http://dx.doi.org/10.4236/fns.2014.52018
mailto:marianabacellar@gmail.com

Bioactive Amines: Aspects of Quality and Safety in Food 139

tamine poisoning should be enhanced, historically known
as scombroid poisoning for its association with the intake
of fish in the Scombridae family which includes tuna and
sardines [8].

The accumulation of biogenic amines in food depends
on the availability of free amino acids and the presence
of microorganisms with decarboxylase activity on amino
acids [10]. In addition to the availability of precursor
amino acids, amine formation depends on food intrinsic
and extrinsic parameters such as: temperature and pH,
oxygen tension, availability of carbon sources, presence
of vitamins, co-enzymes, concentration of free amino
acids and fermentable carbohydrates [11-14]. Thus, the
main factors that influence the biosynthesis of these
compounds are storage conditions, good manufacturing
practices [15,16], the amount of microorganisms with
decarboxylase activity [5,17], the quality of the raw ma-
terial and the availability of free amino acids [18-20].

In this context, the goal of this study is to present a re-
view on the bioactive amines present in food, which in-
cluded formation, and classification of these metabolites,
health related aspects, acceptable limits, detection me-
thods and control methods used in the food industry.

2. Nomeclature, Classification and
Biosynthesis of Bioactive Amines

According to their biosynthetic pathway, bioactive amines
are classified into [4,21-23]:

1) Biogenic: They are formed by bacterial enzymatic
decarboxylation of amino acids (histamine, serotonin,
tyramine, phenylethylamine, tryptamine, putrescine, ca-
daverine and agmatine);

2) Natural: Spermine and spermidine are formed “in
situ” in the cells as they are required. It is noteworthy
that since histamine is stored in mast cells and basophils,
it could be classified as biogenic and natural.

With respect to nomenclature, most amines are named
according to their precursor amino acids. The most im-
portant biogenic amines found in food are: histamine,
tyramine, tryptamine, phenylethylamine and cadaverine,
the synthesis of which occurs by decarboxylation of the
precursor amino acids histidine, tyrosine, tryptophan,
phenylalanine and lysine, respectively. In serotonin syn-
thesis, tryptophan is transformed by tryptophan hydrox-
ylase into 5-hydroxytryptophan, which is enzymatically
decarboxylated into 5-hydroxytryptamine or serotonin.
Tyrosine is the precursor of phenolic amines such as oc-
topamine and dopamine [24]. Cadaverine and putrescine
are associated to products under decomposition or putre-
faction like spermine and spermidine are associated to
seminal fluids where these amines were found for the
first time [2,14,23,24].

Biogenic amines can be classified according to the
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number of amine groups present in the molecule, the
chemical structure, the action in the body, and the bio-
synthetic pathway.

According to the number of amine groups they are
classified into [5,21,25]:

1) Monoamines: Tyramine, phenylethylamine.

2) Diamines: Histamine, serotonin, tryptamine, putres-
cine, cadaverine.

3) Polyamines: Spermine, spermidine and agmatine.

Regarding their chemical structure, they are classified
into three major groups: [3,5]:

1) Aliphatic: Putrescine, cadaverine, spermine and
spermidine.

2) Aromatic: Tyramine and phenylethylamine.

3) Heterocyclic: Histamine and tryptamine.

Regarding the action in the body, they are classified
into [23,26,27]:

1) Vasoactive: Tyramine, tryptamine, phenylethyla-
mine, isoamylamine, histamine and serotonin.

2) Psychoactive: Norepinephrine, serotonin and dopa-
mine.

Regardless their classification, there is a natural me-
chanism for bioactive amine catabolism. They are oxi-
dized by monoamine oxidases (MAO) and diamine oxi-
dases (DAO). On the other hand, polyamines are oxi-
dized by DAO and polyamine oxidases (PAO) after ace-
tylation reaction [21]. Thus, these amines do not
represent a health hazard unless they are consumed in
large quantities or if the natural catabolism mechanism of
one or more amines is inhibited [2]. In this case, poison-
ing occurs and thus it is important to determine amine
profile and content in food since these substances can
trigger toxicological processes [3,10].

3. Physiological and Toxicological Aspects

Many amines such as histamine, serotonin, dopamine and
tyramine play important roles in maintaining the physi-
ology of living organisms [4,28]. Besides, although the
bioactive amines spermidine and spermine do not have
direct toxicological effects they can potentiate tyramine
and histamine toxicity by competing with detoxifying
enzymes [29].

The bioactive amines present in food represent a
health hazard when consumed in large amount if the nat-
ural mechanism for their catabolism is impaired by dis-
ease or pharmacological agents or if the individual is
genetically deficient [23,30]. Under normal conditions,
amines ingested through foods are quickly metabolized
by conjugation or by oxidation reactions by amine oxi-
dase enzymes such as monoamine oxidase (MAO), di-
amine oxidase (DAQO), polyamine oxidases (PAQO) and
N-methyl transferase [21,31-33]. Individuals with respi-
ratory and coronary heart diseases, hypertension prob-
lems or vitamin B12 deficiency are at risk because they
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are sensitive to smaller amounts of amines [4,5,34].

People with gastrointestinal problems (gastritis, irrita-
ble bowel syndrome, Crohn’s disease, gastric and colon
ulcers) are also at risk since the activity of the oxidases in
their bowels is generally lower than in healthy individu-
als. People using drugs MAO, DAO and PAO activity
inhibitors may also be affected because they prevent
amine catabolism [33]. These MAO and DAO inhibitors
are used to treat stress, depression, Alzheimer and Par-
kinson, pulmonary tuberculosis, malaria, panic disorder
and social phobia. Histamine is the amine most often
related to food poisoning [10,20,35].

4. Histamine Poisoning

Histamine poisoning causes an allergic reaction charac-
terized by difficult breathing, vomiting, rash, itching,
fever and hypertension. Histamine alone at low levels
does not cause poisoning but the presence of other bio-
genic amines such as putrescine and cadaverine, in con-
centration five times greater than histamine, enhance its
toxicity [36,37]. The amines putrescine and cadaverine
can potentiate histamine toxic effect, inhibiting DAO
enzymes, increasing its transport through the gastrointes-
tinal wall [38,39]. The presence of these potentiating
substances can explain why, in some cases, spoiled fish
and aged cheeses are more toxic than the same amount of
histamine ingested alone [14].

Usually bioactive amines are absent or in minimum
concentration, below 10 pg/g, in fresh foods. However,
in fish, fish products, cheese, meat, egg and fermented
food they can be present in significant amounts, above 50
Kg/g, capable of inducing a chemical intoxication [4,6,8].
The symptoms can appear within minutes or up to an
hour after ingestion and they include strange taste, head-
ache, dizziness, nausea, facial swelling and flushing, ab-
dominal pain, rapid, weak pulse besides diarrhea. It is
worthy to note that once histamine is formed, it is not
destroyed by cooking [40]. The concentration of hista-
mine capable of producing poisoning varies in accor-
dance with the susceptibility of each individual. In sus-
ceptible individuals, values between 5 and 10 mg/100g
will cause symptoms [23]. Histamine exerts its effects by
binding to cell membrane receptors of skin and respira-
tory, cardiovascular, gastrointestinal and immunologic
systems [4]. Clinical signs are more severe in people
taking drugs that inhibit histamine detoxifying enzymes
in the intestine, in immunosuppressed individuals and
individuals that use drugs and/or alcohol and the symp-
toms of histamine poisoning usually appear shortly after
the ingestion of food, lasting approximately 24 hours [41].

5. Physiological and Toxicological Effects of
Other Amines

High levels of tyramine can lead to poisoning known as
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cheese reaction caused by the concomitant consumption
of food containing this amine [1]. Its intake is associated
to headache, decreased movement of the gastrointestinal
tract and action on the hunger center promoting hunger
satiety sensation [42].

The amines tryptamine, tyramine and phenylethyla-
mine can cause headache, migraine, increased blood
pressure due to constriction of the vascular system and
increased heart rate [14]. Theses amines are potent vaso-
constrictors of both arteries and veins, with tyramine and
tryptamine more potent in veins that in arteries, i.e. they
are selective vasoconstrictors [43]. Putrescine and cada-
verine cause hypotension and bradycardia, besides po-
tentiating the toxicity of other amines [4]. These amines
together with tyramine, can potentiate the action of his-
tamine, because they inhibit DAO and N-HMT (N-me-
thyl transferase) increasing its intestinal absorption [35,
38].

Putrescine, cadaverine, tyramine, tryptamine, pheny-
lethylamine, spermine and spermidine are present in fish,
aged cheese, red wine and meat products [44].

The amine putrescine has an importance as cell pro-
tector against oxidative stress and modulator in gene ex-
pression [45].

Cadaverine is a volatile amine, associated to spoiled
food. Cadaverine is also associated to halitosis in patients
with periodontal disease, and is found in tongue and sa-
liva samples [46].

Polyamines as spermidine and spermine are essential
components of living cells, universally occurring in ani-
mals and plants and present in most bacteria. These
amines are important in regulating nucleic acid function
and protein synthesis, as well as in membrane stabiliza-
tion [14]. These two amines are part of muscles in nor-
mal physiological conditions, where they act as hormone
or growth factor, essential for cells [14,47]. All cells re-
quire such amines for growth, regeneration and metabol-
ism [21]. In addition, spermine, spermidine and putres-
cine, can accelerate the development of tumors, because
they are found in tissues with high growing rate, and thus,
their ingestion is forbidden to patients under treatment
for cancer [23].

Serotonin, formed from the amino acid tryptophan is
synthesized in the central nervous system and enteric
cells. It acts as neurotransmitter in the central nervous
system and it is an endogenous vasoconstrictor involved
in the regulation of several physiological functions such
as sleep, thirst, hunger, mood and sexual activity, acting
on the regulatory system of emotions [48,49].

Agmatine derives from the amino acid arginine and
acts as antidepressant [50]. This amine is present in the
brain and is widely distributed in tissues and particularly
in the stomach and blood, but also in the spinal cord,
suggesting that it could be an endogenous modulator of
pain regulation, i.e. a neurotransmitter/neuromodulator of
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the central nervous system [50-52].

6. Toxic Levels

The toxic levels of bioactive amines in humans are still
uncertain and the toxic dose depends on the efficiency of
individual metabolism. The toxic dose of histamine is 10
mg/100g of food; however susceptible individuals, asth-
ma and ulcer patients are more susceptible to the toxic
effects of this amine. The toxic dose of tyramine is 10
mg/100g in normal individuals and 6 mg/100g in those
under treatment with monoamine oxidase inhibitors. The
toxic dose of phenylethylamine is 3 mg/100g [2].

Acute and sub-acute toxicity levels were investigated
in rats, the approximate values of lethal dose (LD50) for
tyramine and cadaverine are higher than 2000 mg/kg of
body weight, and thus their acute toxicity is low. The
approximate LD50 for putrescine is 2000 mg/kg, while
spermine and spermidine present higher acute toxicity
with lethal dose of 600 mg/kg of body weight. Doses that
do not cause adverse effects are 2000 ppm (180 mg/kg/
day) for tyramine, cadaverine and putrescine; 1000 ppm
(83 mg/kg/day) for spermidine and 200 ppm (19 mg/kg/
day) for spermine [14,53].

In Brazil, the Regulation of Industrial and Sanitary
Inspection of Animal Products—RIISPOA does not
mention the amine maximum level allowed in products
of animal origin [54]. However, MERCOSUR Resolu-
tion and the Technical Regulation on the Identity and
Quality of Fresh Fish (whole and gutted) establish a
maximum level of 100 ppm (10 mg/100g) of histamine in
the muscles of species of the Scombridae, Scombereso-
cidae, Clupeidae, Coryphaenidae and Pomatomidae fam-
ilies [55,56].

Control of histamine levels was not previously in-
cluded in the technical norms. The maximum acceptable
histamine levels in fish were also established in other
countries. In the European Union the regulatory limit is
100 mg/kg and in USA, the Food and Drug Administra-
tion, established a maximum limit of 5 mg histamine/
100g product (50 ppm) at the port and 10 mg histamine/
100g product (100 ppm) in pickled fish for species sus-
ceptible to form histamine [41,57]. There are no estab-
lished standards for cadaverine, putrescine or other bio-
genic amines with the exception of histamine.

7. Toxic Analytical Methods for Amine
Detection in Food

From the analytical point of view, bioactive amine detec-
tion in food is not simple, because these substances have
different chemical structures and variable concentration
range which sometimes is very low [58].

Bioactive amine detection and quantification is a com-
plex analytical operation due to factors such as: strong
polar character of the compounds, which results in a
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greater solubility in water rather than in the organic sol-
vents frequently used; absence of intrinsic properties of
the compounds, which could enable their detection by
usual physico-chemical methods as spectrophotometric,
fluorometric or electrochemical methods; sample com-
plexity; low concentration in food; presence of poten-
tially interfering substances such as amino acids with
structural similarities with the amines; simultaneous
presence of structurally very different amines in the same
extract [4].

7.1. Chromatographic Methods

The analytical methods are generally based on amine
extraction and derivation followed by separation and
quantification. Extraction refers to the removal of the
amines from the sample (food matrix). It depends on
factors such as: type of food and amine present. This step
is performed using different solvents according with the
sample under study. Amine detection in food matrix is
complex, because they are usually present in low con-
centrations. Besides, most amines do not present absorp-
tion in the ultraviolet spectrum nor fluorescence; then a
derivation process is needed to increase absorbance and
consequently increase detection sensitivity and selectivi-
ty [58,59]. The reagents most frequently used in amine
analysis are: dansyl chloride, fluorescein and orto-phta-
laldehyde [60].

Several methods are used for amine separation and
quantification in food, among which thin layer chroma-
tography, gas chromatography, high performance liquid
chromatography, spectrofluorometry, PCR, ELISA, and
electrophoresis.

Chromatographic techniques are the most frequently
used, mainly High Performance Liquid Chromatography
(HPLC). They provide high resolution, sensitivity and
versatility, besides simple sample handling [60]. Howev-
er, other techniques have been researched aiming at
quantifying amines in food in a simple, sensitive and
more affordable way.

1) High Performance Liquid Chromatography (HPLC):
This analytical method is more advantageous than other
methods because it detects other amines along with his-
tamine. Thus, it became the official method for histamine
detection in food in several countries. The method
enables separations and quantitative analysis of a wide
variety of compounds present in various types of samples
in a few minutes with high resolution, efficiency and
detectability [61]. The European Union (EU) requires the
use of HPLC for histamine determination in fishery
products with regulation purpose [57]. In Brazil, HPLC
is the analytical method for the quantification of hista-
mine and other amines (cadaverine, putrescine, spermi-
dine, spermine) in fish and fishery product control [62].
By establishing this analytical method, Brazil expanded
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its consumer market, exporting fishery products to the
EU and other countries that demand histamine quantifi-
cation by HPLC.

2) Thin layer chromatography: This is a simple, effec-
tive and accurate method for bioactive amine separation
and detection in all types of food [4]. It is a screening
technique used for some time in industries and ware-
houses and consists in the separation of the components
of a mixture through differential migration on a thin layer
of adsorbent placed on a plane surface. It is a method of
simple execution and low cost [63,64].

3) Gas chromatography: This technique is less expen-
sive and demands less time than high performance liquid
chromatography. It analyzes tens of substances in the
same sample and has low detection limits. However, if
the substance is thermally unstable, it is necessary to
obtain a thermally stable derivative which is not always
possible. The preparation stage, before analysis, is long
and complex. Besides, gas chromatography is not an ef-
ficient qualitative technique and many times auxiliary
techniques are necessary for reliable identification of the
substances present in the sample [65]. The fact that bio-
active amines have low molecular weight, high solubility
in water and low volatility is another obstacle in using
this technique [66]. The aforementioned author reports
that it is necessary to perform derivatization of these
amines to reduce polarity, improving the selectivity, vo-
latility, sensitivity and separation of these amines. This
process is characterized by conducting baths at 60°C for
about two hours [67,68]. Hydrogen is the carrier gas
most frequently used [66].

7.2. Fluorometric Method

The Technical Regulation on the Identity and Quality of
Fresh Fish (whole and gutted) defines the fluorometric
method as the official technique for histamine detection
in fish in Brazil [56]. Currently, even after the HPLC
entered in force, the fluorometric method was not re-
voked. The fluorometric method consists in histamine
extraction with methanol, extract purification on ion ex-
change resin and subsequent chemical reaction with or-
tophtalaldehyde, in alkaline medium adding phosphoric
acid. The reaction forms a fluorescent compound which
is analyzed in a device called fluorometer [69]. Other
simple method form was developed to measurement of
polyamine as indicator of food decomposition with fluo-
rometer by using 4-(1-Pyrene)butyric acid N-hydrox-
ysuccinimide ester (PSE), it was detected in linear po-
lyamines such putrescine, cadaverine, spermidine and
spermine. They also demonstrated here the increase of
fluorescence in decomposed sardine and mackerel fish by
PSE derivatization just by removing proteins or debris
with trichloroacetic acid, which is simpler that ortophta-
laldehyde method [70].
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7.3. Enzymatic Kits

Currently there is an interest for portable, fast screening
procedures for field analyses that can be applied for fi-
shery products on the quay, which led to the develop-
ment of commercial test Kits used in Hazard Analysis and
Critical Control Point (HACCP) [71]. With the use of
HACCP, by many food companies including those that
process fishery products, histamine determination was
included as critical control point depending on the
processed product. The detection of this biogenic amine
during food processing led several industries to develop
portable kits for histamine analyses which do not require
solvents as methanol and can be easily applied in the
industries [71].

This is a fast, simple, low cost method for histamine
detection capable of promoting accurate results. The kits
available in the market are usually classified into qualita-
tive, quantitative or semi quantitative in the range from
one to 500 ppm [72].

The tests can be based in two methods, the ELISA
method that assesses the direct competition of a sub-
stance with the enzyme-linked for a limited number of
antibodies, and the chemical colorimetric analysis where
an enzyme catalyzes a color change in the reaction with
the substrate [72,73].

8. Bioactive Amines as Quality Index and
Control Methods Used in the
Food Industry

Amine formation in foods rich in protein and amino acids
may be inherent to the product or due to the action of
added microorganisms (starter cultures) and/or contami-
nants (inadequate sanitary conditions). Thus, amine
quantification may be used as quality parameter or index,
because it can reflect poor quality of the raw materials
and/or sanitary conditions during the manufacture of
certain products [2,14,23,74].

The analyses used to determine food quality include
sensory and microbiological methods. The first are fast,
well accepted but depend on trained panelists and do not
detect specific food contamination. On the other hand,
microbiological analyses are usually slow, requiring 2 - 5
days to obtain results. For this reason, alternative me-
thods involving chemical changes caused by microbial
activity are being studied [75-78].

The presence of chemical metabolites, the biogenic
amines, produced by the microbiological spoilage of
food is suggested as quality indicator of food in addition
to routine analyses [7,78,79]. High content of histamine
and other amines can be used as quality indicators and
also as indicators of potential food poisoning [1,26]. This
is due to the fact that microbial deterioration can be ac-
companied by an increase of decarboxylase production [2,
80]. It should be highlighted that these substances are
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reported as heat stable compounds and, cooking or pro-
longed exposure to heat do not eliminate the toxin [4,
81,82]. Thus, an advantage in using biogenic amines as
quality index is that they are thermo resistant and thus,
they remain in the food even after heat treatment [23].

Chemical quality indices, through the relation between
the bioactive amines histamine, putrescine, cadaverine,
spermine and spermidine, were characterized and sug-
gested by some authors for fish and poultry meat [47,83-
85].

Prevention of the formation of bioactive amines in
food has been mainly performed through production and
storage temperature control, quality of the raw material,
good manufacturing practices, use of starter cultures for
fermentation, use of enzymes to oxidize amines, use of
microbial modeling to assess favorable conditions to de-
lay amine formation, use of adequate packaging tech-
niques and food irradiation [37,68,86,87].

9. Conclusion

Bioactive amines are chemical components of a variety
of foods, which call attention for different reasons since,
and they cause positive biological effects. Being essential
for maintaining the physiological activities, they can
have adverse effects mainly toxicological in concentra-
tions higher than 100 ppm of histamine. However, more
studies to determinate toxic levels to other biogenic
amines are necessary. Amine identification and quantifi-
cation is also an important indicator of the sanitary con-
dition of both the raw material and the final product. Its
control is important to reduce damages to the production
chain and improve commercial relations with other
countries reducing export barriers. Thus, further studies
are necessary to establish safety limits for bioactive
amines in animal products, vegetables and beverages.
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