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Preface

Human health can be affected by minor food compounds that sometimes are
neglected by consumers. Biogenic amines (BAs) are naturally occurring amines and 
are a group belonging to the aforementioned compounds. Their concentrations are
positively affected by microbial fermentation of food or during food spoilage. Many
analytical methods are published regarding extraction and characterization of these
minor food substances.

BAs are nitrogen-containing compounds formed by the decarboxylation of amino
acids or by amination and transamination of ketones and aldehydes. The structure
of BAs can be aliphatic, aromatic, and heterocyclic. Depending on the number
of amine groups, amines are classified into monoamines (tyramine and phenyl-
ethylamine), diamines (histamine, putrescine, and cadaverine), or polyamines
(spermidine and spermine). Currently, there are research papers that have classified 
cadaverine, putrescine, spermine, and spermidine among polyamines.

Proestos Charalampos
Assistant Professor in Food Chemistry,

Department of Chemistry, Laboratory of Food Chemistry,
National and Kapodistrian University of Athens,

Athens, Greece
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Chapter 1

Introductory Chapter: Current 
Knowledge on Biogenic Amines
Proestos Charalampos

1. Introduction

Human health can be affected by minor food compounds which sometimes are 
neglected by consumers. Biogenic amines are naturally occurred amines and for 
sure they can be one group belonging to the aforementioned compounds. Their 
concentrations are positively affected by microbial fermentation of food or dur-
ing food spoilage. Many analytical methods are published regarding extraction 
and characterization of these minor food substances. Biogenic amines (BAs) are 
nitrogen-contained compounds occurring by decarboxylation of amino acids or 
by amination and ransamination of ketones and aldehydes. The structure of BAs 
can be aliphatic, aromatic, and heterocyclic. Depending on the number of amine 
groups, amines are classified into monoamines (tyramine and phenylethylamine), 
diamines (histamine, putrescine, and cadaverine), or polyamines (spermidine and 
spermine). Currently, there are research papers that have classified cadaverine, 
putrescine, spermine, and spermidine among polyamines [1].

2. BAs occurrence in foods and health effect

BAs are found in a variety of food products including seafood, meat, dairy, 
fruits, vegetables, nuts, chocolates, and fermented products. Foods containing 
proteins or amino acids in free form can have microbial or biochemical activity and 
BAs may be present.

Fermented products can contain BAs such as milk products, for example, 
cheese 5–4500 ppm, wines 5–135 ppm, beer 2.7–14 ppm. BAs can also be present in 
foods that are spoiled or in the beginning of spoilage such as fish and fish products 
2300–5000 ppm, animal liver like beef about 330 ppm, processed meat and meat 
products 9–650 ppm [2]. BAs can be used in nonfermented products such as decom-
position markers or indicator compounds. Deteriorated foods contain high amounts 
of BAs with the most abundant being cadaverine and putrescine. BAs contained in 
high amounts can have a serious health risk for consumers who belong to sensitive 
population. Symptoms may include hot flushes, respiratory discomfort, nausea, cold 
sweat, headaches, palpitations, red rash, low or high blood pressure. Alcohol con-
suming and presence of acetaldehyde may increase sensitivity to biogenic amines.

3. Safety issues and function

Scombroid poisoning which is caused due to histamine presence is a very 
important issue that is why only histamine has a regulatory limit, according to EU 
regulation (maximum 200 mg/kg in fresh fish and 400 mg/kg in fish products 
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after enzyme treatment and maturation in brine). After fish, cheese is the next 
most commonly implicated food item associated with tyramine poisoning, so called 
“cheese reaction,” related with its high content in aged cheeses. Other potential 
BAs, especially histamine and putrescine, are also present in milk-based fermented 
foods. Among the approaches useful to control the formation of BAs are the reduc-
tion of microbial growth through chilling and freezing or hydrostatic pressures, 
irradiation, controlled atmosphere packaging, or the use of food additives, etc.

Proteins and protein-like compounds such as alkaloids, hormones, and nucleic 
acids can be synthesized by precursors such BAs which contain nitrogen. BAs could 
probably affect organism in processes like body temperature regulation, nutrient 
intake, blood pressure decrease or increase. As far as plants are concerned, putres-
cine (diamine) and spermidine and spermine (polyamines) play important role 
in physiological processes, such as flowering, cell division, fruit development, and 
stress response. Spermine and spermidine are essential for growth, metabolism, and 
renovation, of almost all organs in the human body and important for high metabolic 
activity maintenance of the proper functioning and immunological gut system [3].

BAs are potential precursors for the formation of carcinogenic N-nitroso com-
pounds. In lipid-containing foods, such as ham, bacon, at high temperature and 
in high water content, the carcinogenic compound N-nitrosopyrrolidine can be 
produced from spermidine or putrescine. BAs like putrescine, cadaverine, sper-
midine may play the role of free radical quenchers. Tyramine is regarded as a very 
good antioxidant, and its antioxidant capacity increases with its concentration. Free 
radical inhibition depends on amino and hydroxy groups. Spermine, for example, 
can regenerate tocopherol from tocopheroxyl radical through hydrogenic donor 
from amino group.

The radical formed binds lipid or peroxide radicals into lipid complexes. Some 
BAs contribute to the flavor and taste of food.

4. BAs analytical methods

The analytical methods reported for identification and quantification of BAs are 
based on different types of chromatography: gas chromatography (GC), thin layer 
chromatography (TLC), and high-performance liquid chromatography (HPLC) 
combined with precolumn or postcolumn derivatization techniques. Aliphatic BAs do 
not have absorption bands in the UV-VIS region, hence simple spectrometric detectors 
cannot be applied [4, 5]. Analysis of BAs without prior derivatization includes ion-pair 
chromatography combined with octylamine or heptanesulfonate as ion-pair reagents. 
For BAs ion-pair separation in reversed-phase columns with C12-C18 aliphatic chains, 
phenyl residues bound to a silica core are efficient. HPLC procedures usually involve 
precolumn or postcolumn derivatization procedure. Chemical reagents that are 
usually used for BA analysis by postcolumn derivatization are mainly ninhydrin and 
o-phthalaldehyde and for precolumn derivatization the following reagents: dansyl and 
dabsyl chloride, fluorescein, benzoyl chloride, 9-fluorenylmethyl chloroformate [5].

5. Conclusion

BAs are low-molecular-mass organic bases which occur in plant- and animal-
derived products. BAs in food can occur by free amino acid enzymatic decarboxyl-
ation and other metabolic processes. Usually, in the human body, amines contained 
in foods are quickly detoxified by enzymes such as amine oxidases or by conjuga-
tion; however, in allergic individuals or if monoamino oxidase (MAO) inhibitors 
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are applied, the detoxification process is disturbed and BAs accumulate in the 
body. Knowing the concentration of BAs is essential because they can affect human 
health, and also because they can be used as freshness indicators to estimate the 
degree of food spoilage.
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Chapter 2

Emerging Trends in Biogenic 
Amines Analysis
Antonios-Dionysios G. Neofotistos, Aristeidis S. Tsagkaris, 
Georgios P. Danezis and Charalampos Proestos

Abstract

Biogenic amines are low-molecular-mass substances, essential for proper health 
for all organisms. These compounds could be detrimental to human health with vari-
ous toxicological effects when they are present in high concentrations. Therefore, bio-
genic amines monitoring in food samples is a matter of utmost importance, and their 
accurate determination is considered indispensable. Under this context, we provide 
an overview over the most widely employed analytical techniques for biogenic amines 
determination such as chromatographic techniques and biosensors, emphasizing on 
new approaches. A critical comparison of the techniques is also given, presenting 
their advantages and drawbacks regarding important analytical characteristics such 
as sensitivity. Finally, we focus on foods in which biogenic amines mainly occur such 
as fish, meat and wine and other fermented products.

Keywords: biogenic amines, analysis, food, chromatography, biosensors

1. Introduction

Biogenic amines (BAs) are small molecular organic nitrogenous compounds 
(bases), polar or semipolar. The most common BAs in food are putrescine, cadav-
erine, spermine and spermidine with an aliphatic structure; tyramine, tryptamine 
and β-phenylethylamine with an aromatic structure and histamine with a hetero-
cyclic structure [1, 2]. These compounds can produce a wide range of toxicological 
effects [3]. Theoretically, BAs occurrence could be expected in all foods that contain 
free amino acids (AAs) or protein and are exposed to conditions enabling microbial 
or biochemical activity [4]. Biogenic amines share common characteristics with 
their precursors, AAs, and that is taken into consideration when we try to come up 
with analytical methods for their effective determination.

In low concentrations, these nitrogenous organic bases are essential for good 
health, acting as hormones or neurotransmitters and generally being important for 
growth, temperature regulation and high metabolic activity of the normal func-
tioning and immunological system of gut. By and large, BAs constitute sources of 
nitrogen and precursors which lead to the synthesis of many specific compounds 
such as hormones, alkaloids, proteins and nucleic acids. Also, they control several 
processes in the organism such as the regulation of body temperature, intake of 
nutrition and increase/decrease of blood pressure [5].

On the other hand, in high concentrations, BAs are considered quite hazardous 
and able to cause health problems to consumers, especially to sensitive persons. 
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Histamine is the most widely studied biogenic amine due to its ability to cause 
headaches, nausea, hypotension, digestive problems and skin allergy, while tyramine 
is often associated with migraine and hypertension [6]. It has also been proved 
that tyramine is more cytotoxic than histamine on an in vitro model of the human 
intestinal epithelium. Tyramine caused a cell necrosis, while histamine induced 
apoptosis [7]. Referring to polyamines such as putrescine and cadaverine, they are less 
pharmacologically active; however, they could interact with the amine oxidases and 
potentiate the effects of histamine and tyramine. Besides, these polyamines can react 
with nitrite to form potentially carcinogenic nitrosamines [8]. At this point, it should 
be noted that microbiological spoilage cannot occur in salted products since BAs 
accumulation can occur before salting. Moreover, if sea salt, rock salt or other pre-
servatives contain nitrate and nitrite as impurities, BAs in salted products may react 
with nitrites to form nitrosamines, as mentioned above [9, 10]. Tyramine, cadaverine, 
putrescine and histamine are the most common BAs in meat and meat products. The 
concentration of histamine is usually quantitatively lower than that found in fish [11].

As for the BAs level regulations, histamine is currently the only BAs having offi-
cial limits in fish products, despite the fact that BAs have been described as having 
a certain potential toxicity in food products in general. The European Food Safety 
Authority confirmed histamine and tyramine as the most toxic and particularly rel-
evant for food safety [11]. The presence of other amines has been found to enhance 
histamine toxicity [9, 10]. The maximum acceptable histamine levels in fish have 
been established in many countries; in the USA, the Food and Drug Administration 
established a maximum limit of 50 mg kg−1 at the port and 100 mg kg−1 in pickled 
fish for species prone to form histamine [11, 12]. The European Union has estab-
lished regulations according to which histamine levels should be below 100 mg kg−1 
in raw fish and below 200 mg kg−1 in salted fish [13], regarding species belonging 
in the Coryphaenidae, Engraulidae, Pomatomidae, Clupeidae and Scombridae 
families. In Brazil, the Regulation of Industrial and Sanitary Inspection of Animal 
Products does not mention the amine maximum level allowed in products of animal 
origin. However, the MERCOSUR institute, co-run by Argentina, Brazil, Paraguay 
and Uruguay, established a maximum level of 100 mg kg−1 of histamine in the 
muscles of species of the Clupeidae, Pomatomidae, Scombridae, Scomberesocidae 
and Coryphaenidae families [14]. Scombroid poisoning is a type of fish poisoning 
developed by eating spoiled fish. Since most fish species are rich in free histidine, 
scombroid poisoning is accepted as mainly caused by elevated histamine levels in 
fish, generated by bacterial enzymatic conversion of free histidine [9]. Fish prod-
ucts head the list of foods most studied from the point of view of BAs.

Some European countries have recommended the establishment limits for his-
tamine in wine: Germany (2 mg L−1), Belgium (5–6 mg L−1) and France (8 mg L−1) 
[15, 16]. Switzerland established an upper limit of 10 mg L−1 of histamine, which 
was rejected later [17]. In Slovak Republic, histamine is regulated as 20 mg kg−1 
in beer, 200 mg kg−1 in fish/fish products and tyramine as 200 mg kg−1 in cheese 
[18]. The Institute of Dairy Research in the Netherlands and the Czech Republic 
has proposed an upper limit of 100–200 mg kg−1 for histamine in meat products. 
There are no official establishments regarding the standards for cadaverine, 
putrescine or other BAs, except for some proposals. About tyramine, the recom-
mended limit is in the range of 100–800 mg kg−1 of food. A figure of 30 mg kg−1 for 
β-phenylethylamine has been considered toxic dose in food [1].

Since the occurrence of BAs has been detected in a broad range of products (fish, 
fish products, meat, meat products, beer, wine, cheese, milk, dairy products, vari-
ous beverages, condiments, fruits, vegetables, vinegar, tea, chocolate and coffee), it 
is an urgent need to develop new analytical methods or improve the current methods 
for BAs analysis in terms of rapidity and reliability as far as food safety is concerned.
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The aim of this chapter is to summarize, discuss and compare the most widely 
employed analytical techniques/approaches such as chromatographic, capillary 
electrophoresis and biosensors for BAs. Moreover, we provide the emerging trends 
and the recent advances on BAs analytical methods.

2. Techniques

2.1 Chromatographic

The determination of biogenic amines is not simple at all, due to the variety 
of their chemical structures and their presence at relatively low levels in matrices 
which are usually complex. However, a precise identification of these compounds 
and the detection of even slight changes in their profile are urgent regarding both 
the quality control and the consumers’ health. The monitoring and determination 
of BAs in food matrices is based on new analytical approaches which combine 
higher accuracy, sensitivity, reproducibility and rapidity and are also inexpensive 
and convenient and thus can be adopted by laboratories worldwide, applied in 
numerous applications. In this part, the most widely employed analytical tech-
niques are described and discussed. Moreover, newly applied methods are pre-
sented, compared and evaluated, based on innovations and technical possibilities 
that they propose.

The quantification of BAs in food samples has mainly been accomplished by an 
array of chromatographic methods, such as high-performance liquid chromatogra-
phy (HPLC), gas chromatography (GC), ultra-performance liquid chromatography 
(UPLC), ion chromatography (IC), thin-layer chromatography (TLC), ion-pair 
liquid chromatography (IPLC) and capillary electrophoresis (CE). However, in 
recent years, many sensors have been developed for the BAs analysis as alternatives 
to the expensive instrumentation of chromatographic techniques [19]. What is 
more, it should be noted that the employment of a sensitive and efficient detector is 
a crucial issue as it ensures the trustworthiness of the analytical method as a whole. 
There are several detection processes having been reported in BAs detection studies, 
such as ultraviolet (UV) [20], indirect UV [21], mass spectrometry (MS) [22], elec-
trochemical [23], conductometric [24], enzymatic, immunoassay and polymerase 
chain reaction (PCR) processes [25]. Generally, after derivatization, the approaches 
usually used for BAs determination are UV, fluorescence and MS.

Classical reversed-phase high-performance liquid chromatography (RP-HPLC) 
using C-18 columns has been indistinctively employed for the BAs quantitative 
determination in different types of food because of its sensitivity, high resolution, 
great versatility and relatively simple sample treatment [26]. Yet, a previous solvent 
extraction step and a chemical derivatization step is required prior to final separa-
tion. The former aims to remove some potentially interfering compounds and also 
to concentrate the analytes of interest. The latter reduces the BAs polarity and 
improves resolution in RP columns, making them more sensitive towards detec-
tion. Also, the BAs polarity needs to be reduced because this high polar character 
results in a greater solubility in water rather than in the organic solvents which are 
frequently used in the majority of the techniques.

Solid phase extraction (SPE) is a widely used technique for sample clean-up and 
proper isolation of BAs, while it is the most common extraction method for BAs 
determination in beverages [27]. Also, solid phase microextraction (SPME) [28], 
molecularly imprinted solid phase extraction (MISPE) [29], dispersive liquid-liquid 
microextraction (DLLME) [30], vortex-assisted surfactant-enhanced emulsifica-
tion liquid-liquid microextraction (VSLLME) [31], hollow-fibre liquid-phase 
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frequently used in the majority of the techniques.

Solid phase extraction (SPE) is a widely used technique for sample clean-up and 
proper isolation of BAs, while it is the most common extraction method for BAs 
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microextraction (HF-LPME) [32], salting-out assisted liquid-liquid extraction 
(SALLE) [33] and cloud point extraction (CPE) [34] have been used in many 
different BAs determination studies. Also, the addition of specific chemical sub-
stances is sometimes required so as to ensure the retention of potentially interfering 
substances such as lipids, proteins and polyphenols. These compounds have similar 
structures to BAs, thereby posing problems for the derivatization reaction, making 
the BAs quantification and detection difficult. The chemical substances added usu-
ally are trichloroacetic acid (TCA), ethyl acetate, hydrochloric acid, perchloric acid, 
diethyl ether and polyvinylpyrrolidone (PVP). Hence, the matrix interferences are 
minimized, up to an extent.

The selection of an effective derivatization agent is a matter of utmost importance 
in order to decrease the derivatization time and increase the derivatization reaction 
efficiency. There are many different HPLC studies discussed, aiming to BAs determina-
tion and using numerous derivatization agents such as 6- aminoquinolyl-N-hydroxysuc
cinimidyl carbamate (AQC) [35], dansyl chloride (Dns-Cl) [36–39], O-phthalaldehyde 
(OPA) [19], 2,6-dimethyl-4-quinolinecarboxylic acid N-hydroxysuccinimide ester 
(DMQC-Osu) [40], ethyl-acridine-sulfonyl chloride (EAC) [41], O-phthalaldehyde/N-
acetyl-l-cysteine (OPA/NAC) [42], O-phthalaldehyde/mercaptoethanol (OPA/MCE) 
[43] or 1,3,5,7-tetramethyl-8-(N-hydroxysuccinimidyl butyric ester)-difluorobora-
diaza-s-indacene (TMBBSu) [44] coupled with fluorescence detection. It is obvious 
that the obtained limits of detection (LODs) were quite satisfying. Also, there are 
some HPLC studies presented, employing benzoyl chloride [45], 2-chloro-1,3-dinitro-
5-(trifluoromethyl)-benzene (CNBF) [46, 47], diethyl ethoxymethylenemalonate 
(DEEMM) [48], 9- fluorenylmethyl chloroformate (FMOC) [31], 1-naphthylisothio-
cyanate (NITC) [49], phenyl isothiocyanate (PITC) [50] or dabsyl chloride (Dbs-Cl) 
[51] with UV detection, obtaining low LODs, too.

By and large, the LODs values of analytical methods for BAs usually lie at 
ppm (mg L−1) levels. In some cases, SPE processes prior to chromatographic 
analysis can decrease the LODs values even to ppb (μg L−1) levels, and the ultra-
trace analysis of BAs can be accomplished. For instance, in a study of Basheer 
et al. [28], the synthesized hydrazone-based ligands were physically trapped in a 
silica sol-gel matrix and used for micro-SPE of the dansylated BAs. The tech-
nique was applied to the pre-concentration of BAs in orange juice, before HPLC 
analysis and UV detection. The sol-gel sorbent that contained benzophenone 
2,4-dinitrophenylhydrazone ligand showed great affinity to the target analytes. 
The obtained LODs were 3.82–31.3 ng L−1. Apart from that, the LODs of 0.25–
50 μg L−1 were obtained by Huang et al. [40], applying the IL-based ultrasonic-
assisted liquid-liquid microextraction method (IL-UALLME) with DMQC-OSu 
as derivatization agent. Also the LODs of 8.82–40.4 ng L−1 were obtained in a 
study by Gao et al. with TMBBSu as a derivatization agent [44].

All in all, the methods using a fluorescent detector are more sensitive than 
those with a UV-vis detector, regardless of the reagent employed. In two studies in 
Chilean young and reserved wine samples, conducted by the same laboratory and 
using the same protocol, the LODs using a fluorescence detector were 1–90 μg L−1, 
whereas the LODs using a UV detector were 90–300 μg L−1 [36, 37]. In the same 
way, in a HPLC study in fish products, the LODs with fluorescence detection were 
20–240 μg kg−1, while the LODs with UV detection were 567–1800 μg kg−1 [38, 52]. 
However, the study of Tameem et al. [53] using a UV-vis detector and obtaining 
sensibly low LODs (20–60 ng L−1) represents an exception to the above mentioned. 
The authors stated that this accomplishment was because of the large sample 
volume (50 mL) injected into the chromatograph.

In some cases, the derivatization step can be phased out when HPLC is coupled 
with MS detectors. Hence, the analysis time can be much smaller. Sagratini et al. 

13

Emerging Trends in Biogenic Amines Analysis
DOI: http://dx.doi.org/10.5772/intechopen.81274

elaborated a method with underivatized BAs in fish tissues using LC-MS/MS analy-
sis after SPE [54]. The obtained LODs were 20–250 μg kg−1. On the whole, due to 
the considerable sensitivity and the specific structural information for the deriva-
tized amines that MS or MS/MS detectors can provide, they are the most efficient 
detection tools for metabolites which are usually present in low concentrations [55]. 
Furthermore, they are very helpful in identifying co-eluting peaks in real sample 
analysis. What is more, tandem mass spectrometry (MS/MS) was employed in a 
study where isotopically labeled BAs were added as internal standards. Isotopically 
labeled internal standards have been proven to minimize matrix interferences 
in complex matrices. The limits of quantification (LOQs) were at 50 ng kg−1 
level [56]. Finally, in a very recent study, Jastrzębska et al. (2018) used 3,5-Bis-
(trifluoromethyl)phenyl isothiocyanate (BPI) to produce the BAs-BPI derivatives 
which were determined by liquid chromatography-tandem mass spectrometry 
(LC-MS/MS). The obtained LODs ranged from 2.0 to 4.3 ng L−1 [57].

In another method, the separation of BAs with HPLC was followed by evapora-
tive light-scattering detection (ELSD) [58]. The detector’s response was based on 
the amount of light scattered by analyte particles created by evaporating a solvent 
while it passed through a light beam. There was no need for the use of chromo-
phores for target analytes; hence no derivatization was required. This LC-ELSD 
method was compared to a LC-UV method applied in the same study and was found 
less sensitive. Yet, it was good enough for the BAs detection in cheese samples. The 
LODs were 1.4–3.6 mg L−1. In general, ELS detectors are considered more affordable 
than mass spectrometers with the same characteristics.

In a BAs determination study in beer samples, dairy beverage samples and herb 
tea and vinegar samples, the analytes were separated by ion-pair liquid chroma-
tography and detected by a chemiluminescent nitrogen detector (CLND) [59]. 
In comparison with a HPLC-UV and a HPLC-charged aerosol detector (CAD) 
method for 14 BAs in the same study, the HPLC-CLND method gave narrower 
peaks, with highly improved resolutions. The LODs were 0.1–0.4 mg L−1. Sun 
et al. [59] optimized and validated this method using nonafluoropentanoic acid 
(NFPA), which is an ideal agent as it was tested and selected as the finest ion-pair 
reagent amongst many other perfluorocarboxylic acids tried. In another imple-
mentation of ion-pair liquid chromatography (IPLC), the chaotropic salt KPF6 was 
applied in vinegar samples [60].

It should be noted that the time of analysis depends heavily on the number 
of analytes and usually varies between 5 and 85 min when the conventional LC 
method with C18 columns is employed. In the vast majority of studies with simul-
taneous determination of BAs, the run time lasted more than 30 min. In many 
cases lately, the BAs determination has been performed by UPLC, which outweighs 
HPLC, mainly in terms of solvent consumption, analysis time, better resolution and 
increased peak capacities [61]. Since 2004, new generations of stationary phases 
compatible with LC systems have been widely used under the trade name Ultra 
Performance Liquid Chromatography (UPLC) [62]. The separation time of BAs 
is greatly decreased when the UPLC technique with short columns (5 cm) packed 
with smaller particles (<2 μm) and high flow rates is employed [19]. Jia et al. [63] 
published a study where they developed an ultra-performance LC/quadrupole 
time-of-flight mass spectrometry method (UPLC/Q-TOFMS) for dansylated BAs 
along with 23 amino acids in cheese, beer and sausage samples. The separation of 
all analytes was completed in 25–30 min. The LODs were 5–20 μg L−1. The UPLC/Q-
TOFMS method was also used for BAs detection in another study [64] with less 
analysis time than the conventional HPLC method (13 min) and LODs 3–15 μg L−1. 
In another UPLC-MS/MS method, the elution time was also very short (<8.5 min) 
[65]. In a more recent study by Lee et al. [66], the UPLC-MS/MS (ESI+) method 
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was applied for the determination of 9 BAs in rice wine samples with run time 
21 min and LODs 0.1–4.6 μg L−1.

Next, in some cases, BAs have been determined by ion chromatography (IC). 
The LODs were not very low, yet this technique does not require a derivatization 
step. The LODs in fruit juice samples were 56–1630 μg L−1 [67], whereas the LODs 
in wine samples were 23–68 μg kg−1 [68]. Ion chromatography (IC) coupled with 
pulsed amperometric detection (PAD) or integrated pulsed amperometric detection 
(IPAD) has been reported in many studies. All the same, the use of acids and salts 
in conjunction with the use of organic solvents in high concentrations is sometimes 
essential for the separation of strongly retained amines, such as spermidine and 
spermine [69]. Organic solvents can cause decomposition by-products resulting in 
potential interferences. Hence, longer retention times and poor resolution or peak 
shapes have been reported [70].

Thin-layer chromatography (TLC) exemplifies an alternative to LC methods. 
No special equipment is required, and several samples can be analysed at the same 
time. Notwithstanding, this method is semi-quantitative and the analysis can be 
relatively long [71, 72]. An economic TLC/densitometry for BAs detection in wine 
samples was validated [71]. The potential interferences were avoided with the use of 
PVPP. Furthermore, isohexane was used for the extraction of the dansylated deriva-
tives, before TLC separation. The analysis was completed in 90 min and the LODs 
were 600–700 μg L−1.

Gas chromatography (GC) methods are also used in some studies, yet not to 
the same extent that LC or capillary electrophoresis (CE) does, due to the lack of 
volatility of BAs. Apart from decreasing the polarity of BAs, the derivatization 
step in GC is essential so as to increase the volatile properties of these analytes. 
Mass spectrometers are used for detection in the majority of studies. Almeida et al. 
validated a dispersive liquid-liquid microextraction (DLLME) method followed by 
GC-MS for the determination of 18 BAs in beer samples. The DLLME procedure 
was performed simultaneously with the derivatization process. The LODs were 
0.3–2.9 μg L−1 [73]. Also, Cunha et al. elaborated a GC-MS method and used IBCF 
to determine the content of 22 BAs in grape juice and wine samples, with toluene 
as an extraction solvent and LODs lying at the level of 1 μg L−1. The derivatization 
was carried out in a two-phase reaction system, eliminating the need for a previous 
extraction procedure [74]. The IBCF derivatization was also performed in a BAs 
determination study in home-made fermented alcoholic drinks by Plotka-Wasylka 
et al. [75] involving in situ derivatization-DLLME combined with GC-MS. The 
LODs were 1.1–4.1 μg L−1 [75]. In a more recent study, Huang et al. performed an 
environmentally friendly SPME coupled with GC-MS for the determination of 
biogenic amines in fish samples. The LODs were 2.98–45.3 μg kg−1 [76]. The analysis 
time was shorter in the GC methods than the LC methods, and the obtained LODs 
were generally satisfying.

2.2 Capillary electrophoresis

Capillary electrophoresis (CE) is a separation technique which is widely per-
formed, following HPLC regarding the extent of its application in biogenic amine 
analysis. This technique renders possible the analysis of a vast range of compounds 
which occur in low concentration levels and is also characterized by rapidity, 
separation efficiency, sensitivity and shorter analysis time than LC methods and 
less solvent consumption. Another important fact is that CE is suitable for analytes 
which cannot be analysed with GC due to thermal instability. Yet, it should be 
noted that the number of separated BAs and their precursors, AAs, is usually much 
smaller than HPLC methods [69]. There are different CE methods employed in BAs 
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studies, such as micellar electrokinetic chromatography (MEKC), capillary gel elec-
trophoresis (CGE), capillary zone electrophoresis (CZE), capillary isotachophoresis 
(CITP) and capillary isoelectric focusing (CIEF) [77].

Fluorometric methods are frequently employed by virtue of the fluorescence 
of BAs at some pH range their reaction with proper agents. Μany fluorescence 
derivatization reagents have been used in CE studies, like fluorescein isothiocyanate 
(FITC), 5-(4,6-dichloro-s-triazin-2-ylamino) fluorescein (DTAF), naphthalene-
2,3-dicarboxaldehyde (NDA), OPA and 3-(2-furoyl)-quinoline-2-carboxaldehyde 
(FQ ). In a study involving FITC, proposed by Uzaşçı et al., a fast separation of 
seven biogenic amines in wine samples was performed, and significantly low LODs 
down to 57.6–113 ng L−1 were reported [78]. The authors proposed a novel nonionic 
micellar electrokinetic chromatography method (MEKC) through FITC coupled 
to laser-induced fluorescence detector (LIF). The separation was completed in 
9 min. Also, in a study by Zhang et al. involving the combination of laser-induced 
fluorescence (LIF) detector and CE separation, a quite satisfying improvement in 
detection limits was observed [79].

A CE-MS/MS method was reported for the quantitative determination of BAs 
in beer and wine samples [80]. The migration time for the 9 BAs was very short 
(<10 min), and the LODs were in the range of 1–2 μg L−1 for wine and 3–8 μg L−1 for 
beer samples. The main drawback regarding the use of a MS detector for CE is its 
higher price compared with conventional UV or LIF detection and the limitation in 
the type of running buffers that can be used as they have to be volatile and compat-
ible with ESI.

Offline precolumn derivatization is the most widely used application, while the 
occurring BAs derivatives are then injected into the CE. Generally, UV detection 
sensitivities in CE are lower than those of HPLC and can be increased by novel 
online pre-concentration procedures along with derivatization developments or 
coupling CE with isotachophoresis (ITP) [19].

In a study, the online coupling of capillary zone electrophoresis (CZE) with 
capillary isotachophoresis (CITP) and UV detection increased the sensitivity of the 
method. The BAs were online pre-concentrated in the ITP step, separated and detected 
in the CZE step. The study was conducted for the determination of histamine, phenyl-
ethylamine and tyramine in wine samples. The LODs were 0.35 mg L−1 for histamine, 
0.33 mg L−1 for phenylethylamine and 0.37 mg L−1 for tyramine [81]. In a more recent 
CITP method with a conductometric detector in beer and wine samples by Jastrzębska 
et al. [82], the derivatization step was eliminated, and the LODs 200–480 μg L−1 were 
lower in comparison with an LC method by the same authors. In the latter, dansylated 
BAs derivatives were synthesized and a UV detector was employed.

Finally, in a method elaborated by Dossi et al., the separation of BAs and AAs 
in beer samples was performed by microchip CE and followed by amperometric 
detection with the use of ruthenium oxide/hexacyanoruthenate polymeric films, 
electrochemically deposited onto glassy carbon electrodes. The separation of single 
amines and AAs was not possible through this method. Hence, the analytes were 
co-eluted in groups. The LODs were 1.4–6.8 mg L−1 [83].

2.3 Biosensors

A biosensor is widely considered as an analytical platform that converts a 
biological response into a quantifiable and processable signal. The individual parts 
of a biosensor were well addressed and comprehensively discussed in [84], which 
is recommended for further understanding of biosensors function. Even though 
instrumental methods are quite accurate and sensitive, their high operational cost 
and time-consuming protocols showcase the need for analytical alternatives. In this 
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is recommended for further understanding of biosensors function. Even though 
instrumental methods are quite accurate and sensitive, their high operational cost 
and time-consuming protocols showcase the need for analytical alternatives. In this 



Biogenic Amines

16

way, biosensors can improve the current situation as they feature highly desired 
characteristic such as simplicity, rapidness, cost-effectiveness and portability. In 
BAs analysis, chromatographic techniques are mostly used as the numerous com-
pounds of food matrices need to be separated to accurately detect the analytes [26]. 
However, biosensors, instead of separation, utilize various selective recognition 
elements such as antibodies, enzymes, molecularly imprinted polymers (MIPs), 
aptamers and nucleic acids to bind with the target molecule.

As it is already shown, the utilisation of biosensors in BAs analysis is a novel 
concept that finds more and more applications in food analysis. Under this context, 
we indicatively discuss some published studies to provide an overview on the vari-
ous recognition elements and detection methods. To begin with, various sensing 
elements have been used (Table 1), including classic approaches such as antibodies 
or enzymes and also pioneering cases such MIPs or nanotechnological applica-
tions. Despite the excellent recognition capability of MIPs or the proven superior 
electronic properties of nanocomposite materials, antibodies and enzymes are still 
mostly used because of the laborious development process of those recognition 
elements. Concerning the detection method, electrochemical (EC) sensors were 
commonly used as they did not require time-consuming sample pretreatment and 
could be easily miniaturized and used in situ. However, EC sensors usually lacked 
long-term stability. Alternatively, spectroscopic methods, namely chemilumines-
cence (CL) and photoluminescence (PL), were also applied because they combined 
simple formats with zero background measurements for increased sensitivity. 
Interestingly, digital cameras were also used for the colorimetric detection of BAs. 
The combination of image data analysis with dipsticks [85] or immunoassays [86] 
is a trend focusing towards portable and on-site detection of various food con-
taminants. A striking example of this is the EU-funded FoodSmartphone project, 
http://foodsmartphone.eu/ (last visited 5/8/2018), in which several smartphone-
based assays for the detection of various food contaminants including allergens, 

Analyte Recognition element Detection Matrix LODs Ref.

Tyramine Antibody ELISA Meat and fish 1.2 mg kg−1 [87]

Putrescine Unsaturated complex of 
Cu(II)

CL Shrimp 0.0178 mg L−1 [88]

Histamine Cu@Pd core-shell 
nanostructures

EC Tuna fish 0.3 ng kg−1 [89]

Tryptamine Oxidation EC Banana, tomato 
cheese, sausages

0.12 ng L−1 [90]

Tyramine Fe3+ ion complex of 
FONs

Ratiometric PL Solutions 0.5 mg L−1 [91]

Tyramine Dye Py-1 Digital camera Shrimp 1.37 mg kg−1 [92]

Tyramine Tyrosinase EC Cheese, 
sauerkraut, 

banana

0.21 mg L−1 [93]

Histamine Antibody EC Fish 1.25 ng L−1 [94]

Tryptamine Covalent 
immobilization 

of tryptamine on 
nanofiber

PL Beer 6 ng L−1 [95]

Tyramine MIPs EC Milk 0.32 ng L−1 [96]

Table 1. 
Biosensors application in BAs analysis.
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pesticides, marine toxins etc. are being developed. Hence, this approach may also 
find application for the BAs in the future. Regarding biosensors sensitivity, we can 
notice that they provided satisfactory detection limits, but in several studies there 
were no validation data in the food matrix. All in all, biosensors have the potential 
to improve and simplify the current situation and move towards the on-site BAs 
determination.

3. Conclusions

The determination of BAs in food is a matter of utmost importance regarding 
both the consumers’ health and the quality control. Regulatory bodies, industries 
and consumers demand efficient detection of BAs in food products. Thus, the 
scientific community tries to develop new analytical methods or to improve the 
current methods concerning their sensitivity and reliability in different food 
matrices. Yet, it should be noted that the legislation for BAs regulations may differ 
amongst different countries; there are different production, processing and storage 
methods, as well as different climate conditions which can either cause or inhibit 
the BAs formation in food [97, 98]. Classical reversed-phase high-performance 
liquid chromatography (RP-HPLC) using C-18 columns has been the most com-
monly employed technique for the BAs quantitative determination because of its 
sensitivity, high resolution, great versatility and relatively simple sample treat-
ment. However, CE exemplifies a good alternative to HPLC, with high separation 
efficiency and relatively low running costs. Lastly, the development on sensors has 
led to the elaboration of new methods characterized by low cost, short analysis time 
and simplicity. Neither special instrumentation nor sample clean-up and derivatiza-
tion are required.
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Chapter 3

Biogenic Amines: A Claim for 
Wines
Maria Martuscelli and Dino Mastrocola

Abstract

Many possible factors influence the accumulation of biogenic amines in wines, 
correlated both to agronomical practices in the vineyard and during the winemak-
ing process. In the literature, it is reported that the quantities of biogenic amines 
found in many wines are not alarming, especially with regard to those of toxicologi-
cal interest (histamine and tyramine). For subjects in specific physiological condi-
tions (histamine intolerance, taking class of drugs that inhibit monoamine oxidase 
enzymes), the risk of creating toxic reactions is related to the composition of the 
whole meal, not only the consumption of wine. It would be desirable to establish a 
regulatory system, as already existing for sulphites, allowing to read a label with the 
claim specifying their absence (e.g., histamine free) in order to enhance the quality 
of wines that would be a priori forbidden.

Keywords: biogenic amines, wine, winemaking process, quality, safety

1. Introduction

The level of biogenic amines (BA) in wines is an important quality and safety 
parameter, in addition to the composition in polyphenols and polysaccharides [1, 2].

The presence of biogenic amines in wine is quite frequent and inevitable; they 
are naturally present in grapes but also deriving from the decarboxylation of amino 
acids by enzymes of microbial origin, or even produced by transamination of 
aldehydes by amino acid transaminase [3–6].

In most of the studies carried out, more amines have been observed in red wine 
than either white or rosé ones [7]. There is a high correlation among chemical and 
microbiological characteristics of grape variety, winemaking process conditions, 
and amount of the biogenic amines in wines [5, 8].

Histamine, tyramine, and cadaverine biogenic amines are most representative 
of the wine; other amines such as putrescine, ethylamine, 2-phenylethylamine, 
spermine, and spermidine are also present in the grape must [9].

Some factors of agronomic practice as well as of the winemaking process can 
cause discrete levels of biogenic amines in the wine: fertilization of the soil (nitro-
gen level), poor state of health of the grapes and presence of molds, nonregular 
lowering of the pH of the must and development of non-Saccharomyces yeasts, and 
activity of lactic acid bacteria responsible for secondary fermentation (malolactic 
fermentation, MLF) [8, 10].

Many technological, biological, and environmental factors can affect the 
occurrence of biogenic amines in wine such as skin maceration or post-fermentative 
maceration or contact with the lees [11–13].
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The occurrence of biogenic amines in wines is also a consequence of the vari-
ous treatments applied in winemaking process, some of them favoring the amines 
synthesis (wine and must treatments with yeast mannoproteins or proteolytic 
enzymes) [14, 15], and others, such as the use of clarification substances and 
oenological adjuvants (bentonite and polyvinylpolypyrrolidone), are instead able to 
absorb biogenic amines and then lower their levels in the final products [4].

In addition, mold infections of grapes display significant impacts on the initial 
content of biogenic amines in grape must, and their level is not efficiently reduced 
from fining agents currently available for the wine industry [16].

2. Why know the biogenic amines level in wines?

The knowledge of the biogenic amine levels in wines is important to both con-
sumers and producers. Some authors proposed biogenic amine content as markers 
for authentication of origin in addition to other chemical compounds as polyphe-
nols [3, 17].

Biogenic amines are present as salts but, at the pH prevailing of mouth, they are 
partly in free form, becoming reactive with other compounds responsible for the 
aroma of the wine so to impart aromatic notes own or even indirectly; they can be 
responsible of sensory changes and occult (e.g., loss of varietal character) and overt 
(musty smell of tuna) [18, 19].

But what makes it very useful to know the level of amines in wines is related to 
the fact that they are generally recognized among the most important causes for the 
intolerance to wine originating intoxication symptoms as nausea, cardiac palpita-
tions, headaches, flushing, and increase or decrease blood pressure, as also reported 
by European Food Safety Authority [20, 21]. High sensitivity toward biogenic 
amines ingested with the diet depends on insufficient amino oxidase activity caused 
by drugs, genetic predisposition (histamine intolerance), gastrointestinal disease, 
inhibition by alcohol, acetaldehyde, and other amines (e.g., putrescine and cadaver-
ine) [7].

Monitoring of the amine levels in wines can be an important marketing advan-
tage. A large data set (from various production sites, vintage years, etc.) is necessary 
to establish BA profiles as wine fingerprint and provide scientific basis for safety 
and quality control in winemaking process.

2.1 Occurrence of biogenic amines in the red, white, and rosè wines

Different processes are applied for the production of red, white, or rosé wines, 
in which the chemical and physico-chemical characteristics result different and 
differently correlated with their biogenic amine content [22].

It is well known that SO2 is added in higher concentration in white wine to 
ensure color stabilization, particularly in the post-malolactic fermentation and 
before bottling, therefore the total SO2 value can be rather variable, but it must be 
in any case below the legal limits. In red wines, higher pH values than white or rosè 
ones are a consequence of malolactic fermentation in which lactic acid bacteria 
degrade malic acid to lactic acid and CO2 (biological deacidification). A parameter 
of wine very useful for predicting the amino biogenic activity can be pH, especially 
considering that one of the explanations is that microorganisms use the biogenic 
amines synthesis as a metabolic strategy in response to environmental acidity or as a 
source of alternative energy [23].
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As regard alcohol degree that is considered one of the parameters affecting the 
activities of amino acid decarboxylating bacteria involved in MLF, it is lower in 
white and rosé wines compared to red ones [24]. Generally, red wines with maxi-
mum alcohol content (about 14.5%) belong to the Reserve “Controlled Designation 
of Origin” (CDO) wines.

According to Bauer and Dicks [25], the malic acid content indicates a complete 
MLF (occurring in all red wines) or an incomplete/absent MLF (in white and rosè 
wines). Many studies were carried out on the role of MLF on the content of biogenic 
amines in wines and on the factors that can affect their production [11, 24, 26–28]. 
The variability of the biogenic amines distribution in red, rosé, and white wines is 
remarkable and could be attributed to the numerous variables affecting biogenic 
amine formation by bacteria during vinification and wine storage.

High amounts of diamine putrescine as well as the biologically active amines 
histamine and tyramine are determined in red wines, higher than those found in 
rosé and white wine [2, 29–32]. Generally, red wine vinification is carried out in the 
presence of grape skin and pulp, and putrescine could be released from these into 
the must [33].

The presence of putrescine has been associated with the secondary fermentation 
(MLF) and in particular with the activity of O. oeni strains although it has been dem-
onstrated that L. hilgardii and L. plantarum are able to produce putrescine during 
alcoholic fermentation, using substrates from autolysis of yeast wine strains [34–36].

During vinification, putrescine can also originate from the microbial decarbox-
ylation of ornithine or from arginine via agmatine [37]. Furthermore, some study 
demonstrated that amines are formed during alcoholic fermentation, even from the 
very beginning, involving yeasts and molds [38].

Moreover, high histamine and cadaverine levels in wines in which oak barrels 
were employed for secondary fermentation MLF [22].

In wines, polyamines might originate from grapes and/or from yeast lysis [33]; 
therefore the low amount of spermidine in rosè wines could be explained taking 
into account that yeasts are enable to liberate polyamines in significant amount. 
A significantly decreasing of endogenous spermidine can be observed during 
winemaking, due to the growth of lactic acid bacteria, to potential consumption by 
alcoholic fermentative yeasts or to spontaneous chemical degradation [30, 31].

Moreover, higher levels of biogenic amines in the CDO reserve wines could 
be explained by the influence of the aging treatments [2, 12]. Cells of some lactic 
bacteria surviving aging are still able to decarboxylate amino acids and, due to the 
increase in pH value, multiply giving rise to the biogenic amine accumulation [26]. 
A relative high amount of biogenic amines in a Sherry-like wine as Vernaccia di 
Oristano could be explained with the long aging process, respect to those of newly 
made white wines [2, 39].

A separate case is the liqueurs, whose process is completely different from 
that of winemaking [40]; however, being counted among the alcoholic beverages 
consumed in a meal or in any case during the day, it could be useful to know the 
case also with respect to these products. For example, in [41], it is reported that high 
levels of BA in coffee, honey, and fruits liqueurs are significantly higher than those 
occurred in milk and herb liqueurs. The variability observed between samples was 
influenced by the type of components as well as by the different modes of produc-
tion (homemade or industrial). Indeed, homemade sample had significantly higher 
amounts of BA than industrial samples. To date, no studies have been reported on 
the content of biogenic amines in homemade wines. Since this practice is still widely 
used in many regions of Italy, it would be desirable to collect data on the matter.
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The occurrence of biogenic amines in wines is also a consequence of the vari-
ous treatments applied in winemaking process, some of them favoring the amines 
synthesis (wine and must treatments with yeast mannoproteins or proteolytic 
enzymes) [14, 15], and others, such as the use of clarification substances and 
oenological adjuvants (bentonite and polyvinylpolypyrrolidone), are instead able to 
absorb biogenic amines and then lower their levels in the final products [4].

In addition, mold infections of grapes display significant impacts on the initial 
content of biogenic amines in grape must, and their level is not efficiently reduced 
from fining agents currently available for the wine industry [16].

2. Why know the biogenic amines level in wines?

The knowledge of the biogenic amine levels in wines is important to both con-
sumers and producers. Some authors proposed biogenic amine content as markers 
for authentication of origin in addition to other chemical compounds as polyphe-
nols [3, 17].

Biogenic amines are present as salts but, at the pH prevailing of mouth, they are 
partly in free form, becoming reactive with other compounds responsible for the 
aroma of the wine so to impart aromatic notes own or even indirectly; they can be 
responsible of sensory changes and occult (e.g., loss of varietal character) and overt 
(musty smell of tuna) [18, 19].

But what makes it very useful to know the level of amines in wines is related to 
the fact that they are generally recognized among the most important causes for the 
intolerance to wine originating intoxication symptoms as nausea, cardiac palpita-
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by European Food Safety Authority [20, 21]. High sensitivity toward biogenic 
amines ingested with the diet depends on insufficient amino oxidase activity caused 
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inhibition by alcohol, acetaldehyde, and other amines (e.g., putrescine and cadaver-
ine) [7].

Monitoring of the amine levels in wines can be an important marketing advan-
tage. A large data set (from various production sites, vintage years, etc.) is necessary 
to establish BA profiles as wine fingerprint and provide scientific basis for safety 
and quality control in winemaking process.

2.1 Occurrence of biogenic amines in the red, white, and rosè wines

Different processes are applied for the production of red, white, or rosé wines, 
in which the chemical and physico-chemical characteristics result different and 
differently correlated with their biogenic amine content [22].

It is well known that SO2 is added in higher concentration in white wine to 
ensure color stabilization, particularly in the post-malolactic fermentation and 
before bottling, therefore the total SO2 value can be rather variable, but it must be 
in any case below the legal limits. In red wines, higher pH values than white or rosè 
ones are a consequence of malolactic fermentation in which lactic acid bacteria 
degrade malic acid to lactic acid and CO2 (biological deacidification). A parameter 
of wine very useful for predicting the amino biogenic activity can be pH, especially 
considering that one of the explanations is that microorganisms use the biogenic 
amines synthesis as a metabolic strategy in response to environmental acidity or as a 
source of alternative energy [23].
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As regard alcohol degree that is considered one of the parameters affecting the 
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Significant seems to be the effect of the winery, regardless of the geographic area 
where it is located, in according to the results of other authors [15]. A predominance of 
decarboxylating positive microbiota can occur in some wineries, even if the fermenta-
tion is carried out by commercial starter strains [9].

However, great efforts are made in recent years by winemakers to reduce the 
content of amines and improve the quality and safety of wines: a study carried out 
on about 700 samples of Spanish wine, demonstrated that the average values of the 
histamine content for red, rosé, and white wines decreased, from 2010 to 2015, and 
in any case, none of the samples exceeded 10 mg L−1 of histamine [1].

2.2 Exposure to biogenic amine human intake via wine consumption: a case 
study in China

The first study at the national level to assess and link the BA contents to potential 
health risks for the largest group of wine consumers was recently carried out in China 
by Ke et al. [42]. Average annual per capita wine consumption in China is 0.75–1.2 L, 
whereas it is 54 and 49 L in France and Italy, respectively [43]; so, two different 
exposure scenarios can be designed: chronic and acute exposures. A general physi-
ologically based pharmacokinetic (PBPK) model was used in order to estimate the 
tissue concentrations of biogenic amines in humans after intake via wine consump-
tion [42]. In this study, the chronic exposure scenario was equivalent of consumption 
per person of 150 mL (one glass) of wine per day through a whole year (365 days). 
This corresponded to 54.8 L of wine in a year. In the acute exposure scenario, it was 
assumed that the person intakes 750 mL of wine (one bottle) in a single oral dose; 
the BA fate in the human body was simulated for 30 days. The dietary intake amount 
of biogenic amines in both exposure scenarios was calculated by using the median 
concentrations of BAs (putrescine, cadaverine, histamine, tyramine, phenylethyl-
amine, spermidine, and spermine) detected in 456 wines sold in China (>90% of 
wine brands in a three-year span). The simulation considers the simultaneous uptake 
of a group of BAs together with alcohol, a situation that may inhibit BA metabolism. 
The PBPK model simulations were carried out by assuming no metabolism/trans-
formation of BAs, simulating the pharmacokinetic fate of BAs for the most sensitive 
population in a critical exposure scenario. Results of this study demonstrated that 
in a chronic exposure scenario, the steady-state mass fractions of phenylethylamine 
and tyramine present in the adipose tissues are 77 and 65%, respectively, remarkably 
higher than those of other biogenic amines. The highest steady-state mass fractions 
of the other biogenic amines were found in the muscle tissues, with a 40% of the total 
body mass, while the mass fractions of blood, adipose, and liver tissues are 7.4, 21 and 
2.6%, respectively. In the acute exposure scenario, the entire dose of amine was lost 
from the body at the end of the 30-day simulation; in particular, it took more than a 
week for the complete loss of phenylethylamine, and about one week was required 
for tyramine, whereas it was about one day for all the simulated biogenic amines. For 
all the simulated BAs, urinary loss accounted for >99% of the loss processes, whereas 
fecal and air loss were negligible (<1%).

2.3 Defining a biogenic amine safety threshold for wines

Actually, the European Union (EU) has not established regulations for the wine 
industry, but it has only suggested the “safety threshold values” [6].

Wines imported into EU are often accompanied by a certificate of analysis 
regarding biogenic amine content, even if there is no EU regulation about their limit 
in wines; however, Germany, Belgium, and France have differently recommended 
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not to exceed histamine levels of 2, 6, 8 mg L−1, respectively, while Switzerland 
has removed its official maximum histamine limit (previously set at 10 mg L−1) 
in imported wines [44]. The biogenic amine content in wines must be interpreted 
in the light of the toxicology studies on consumers [21], considering that biogenic 
amines have different safety threshold values depending on the physiological 
conditions of consumers. In general, the amines taken with the diet are metabo-
lized by the activity of enzymes located in the intestine, the mono- and di-amino 
oxidases (MAO and DAO, respectively). The activity of intestinal MAO and DAO 
can be inhibited by alcohol and by some antidepressant and hypotensive drugs, 
the so-called MAO inhibitors (MAOIs). Diamine (putrescine and cadaverine) and 
polyamine (spermine and spermidine) are histamine, tyramine, tryptamine, and 
phenylethylamine toxicity enhancers, as they compete in the detoxification metabo-
lism carried out by MAO and DAO. For subjects having histamine intolerance 
(genetic deficiency in diamine oxidase), patients taking MAOI drugs or patients 
under new generation MAOI treatment, so called RIMA (reversible inhibitors of 
MAO-A drugs), the risk of creating toxic reactions is related to the composition of 
the whole meal, not only the consumption of wine.

Table 1 shows the amounts of biogenic amines found in 100 mL of commer-
cial wines classified as “Controlled Designation of Origin” (CDO) and “Typical 
Geographical Indication” (TGI) (Commission Regulation EC No 628/2008) of 
different regions of South Italy. Results shown in Table 1 demonstrate that the 
levels of biogenic amines can be not alarming in the commercial wines, especially 
with regard to histamine and tyramine, the most important cause of intolerance to 
wine [20].

The statistical distribution of histamine in 684 samples of Spanish wines has 
been modeled using the β-content tolerance intervals [1]. Besides, copulas to obtain 
the joint multivariate confidence region between histamine and tyramine have 
been built for the first time in the oenological field. Authors demonstrated that it is 
necessary for the nonparametric approach to correctly analyze the distribution of 
BA content in wines, because the data do not follow a normal distribution nor their 

Table 1. 
Biogenic amine contents (mg/100 mL) in commercial wines of South Italy.
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formation of BAs, simulating the pharmacokinetic fate of BAs for the most sensitive 
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in a chronic exposure scenario, the steady-state mass fractions of phenylethylamine 
and tyramine present in the adipose tissues are 77 and 65%, respectively, remarkably 
higher than those of other biogenic amines. The highest steady-state mass fractions 
of the other biogenic amines were found in the muscle tissues, with a 40% of the total 
body mass, while the mass fractions of blood, adipose, and liver tissues are 7.4, 21 and 
2.6%, respectively. In the acute exposure scenario, the entire dose of amine was lost 
from the body at the end of the 30-day simulation; in particular, it took more than a 
week for the complete loss of phenylethylamine, and about one week was required 
for tyramine, whereas it was about one day for all the simulated biogenic amines. For 
all the simulated BAs, urinary loss accounted for >99% of the loss processes, whereas 
fecal and air loss were negligible (<1%).

2.3 Defining a biogenic amine safety threshold for wines

Actually, the European Union (EU) has not established regulations for the wine 
industry, but it has only suggested the “safety threshold values” [6].

Wines imported into EU are often accompanied by a certificate of analysis 
regarding biogenic amine content, even if there is no EU regulation about their limit 
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not to exceed histamine levels of 2, 6, 8 mg L−1, respectively, while Switzerland 
has removed its official maximum histamine limit (previously set at 10 mg L−1) 
in imported wines [44]. The biogenic amine content in wines must be interpreted 
in the light of the toxicology studies on consumers [21], considering that biogenic 
amines have different safety threshold values depending on the physiological 
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phenylethylamine toxicity enhancers, as they compete in the detoxification metabo-
lism carried out by MAO and DAO. For subjects having histamine intolerance 
(genetic deficiency in diamine oxidase), patients taking MAOI drugs or patients 
under new generation MAOI treatment, so called RIMA (reversible inhibitors of 
MAO-A drugs), the risk of creating toxic reactions is related to the composition of 
the whole meal, not only the consumption of wine.

Table 1 shows the amounts of biogenic amines found in 100 mL of commer-
cial wines classified as “Controlled Designation of Origin” (CDO) and “Typical 
Geographical Indication” (TGI) (Commission Regulation EC No 628/2008) of 
different regions of South Italy. Results shown in Table 1 demonstrate that the 
levels of biogenic amines can be not alarming in the commercial wines, especially 
with regard to histamine and tyramine, the most important cause of intolerance to 
wine [20].

The statistical distribution of histamine in 684 samples of Spanish wines has 
been modeled using the β-content tolerance intervals [1]. Besides, copulas to obtain 
the joint multivariate confidence region between histamine and tyramine have 
been built for the first time in the oenological field. Authors demonstrated that it is 
necessary for the nonparametric approach to correctly analyze the distribution of 
BA content in wines, because the data do not follow a normal distribution nor their 

Table 1. 
Biogenic amine contents (mg/100 mL) in commercial wines of South Italy.



Biogenic Amines

34

relations are linear; in the univariate approach, the β-content tolerance interval 
permits to obtain the proportion of wines that meet a “possible” limit.

3. Conclusions

In order to evaluate the real risks of biogenic amine intake associated with the 
consumption of wines, it must be considered that a chronic exposure scenario can 
be equivalent of consumption per person of 150 mL (one glass) of wine per day; 
moreover, in the Mediterranean diet, the consumption of wine with meals can be 
about 100–200 mL (for woman and man consumer, respectively).

It should be consider that the consumer needs a positive message about the prod-
uct, so that it can be encouraged to purchase. On the other hand, it is necessary that 
the consumer is correctly informed of the content of potentially toxic compounds, 
also based on its physiological and pathological status. In general, wine is forbidden 
a priori to sensitive consumers, regardless of its real quality and safety. Therefore, 
if the wine label shows information about the composition in biogenic amines, both 
qualitative and quantitative, it would make the consumer aware of the real risk and 
then a double goal would be achieved: avoiding unpleasant or even harmful effects 
on his health, allowing the consumption of wine low or completely free of amines 
with a toxic effect. It would therefore be desirable that, after extensive collection of 
toxicological data and following an extensive media information campaign, estab-
lish for the wines a regulatory system, as already existing for sulphites, which allows 
the communication of the values of amines present, or, again better, a statement 
that can enhance the wines in which these compounds are absent, for example, a 
claim “histamine free.”
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Histamine and Other Biogenic 
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Poisoning to Histamine 
Intolerance
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Abstract

Histamine is a biogenic amine involved in important physiological activities in 
the organism, but its ingestion through food is associated with the onset of health 
disorders. Histamine intoxication, previously known as scombroid fish poisoning, 
is caused by the intake of foods with high levels of histamine. According to official 
European Union reports, more than 90% of the outbreaks registered in the last 
years were caused by the consumption of fish and seafood products. Histamine 
intolerance, on the other hand, arises when histamine degradation is impaired, 
mainly by a lower diamine oxidase (DAO) activity. Some of the uncertainties 
classically associated with histamine intoxication may be explained by this enzy-
matic deficit in a sensitive population. This chapter reviews the adverse effects of 
histamine from food within a risk analysis framework, focusing specifically on the 
components of risk assessment and management.

Keywords: histamine, biogenic amines, diamine oxidase (DAO), histamine 
intoxication, histamine intolerance, decarboxylase activity, risk assessment, risk 
management

1. Introduction

High amounts of biogenic amines in food are considered undesirable micro-
components from the safety perspective, due to their potentially negative effects 
on consumer health. According to the risk assessment of biogenic amines carried 
out by the European Food Safety Authority (EFSA) [1], the amine content cur-
rently found in foods could be responsible of the triggering of health disorders. 
Histamine is the biogenic amine most commonly associated with the onset of health 
complaints. In fact, the triggering of symptoms derived by an excessive consump-
tion of this amine was described for the first time over 60 years ago. It was firstly 
called scombroid fish poisoning, because the symptoms appeared mainly after the 
consumption of fish from the Scombridae and Scomberesocidae families, which have 
naturally high histidine contents. However, the World Health Organisation (WHO) 
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recommendeds using the term histamine poisoning or histamine intoxication, since 
other foods can also be involved [2]. Histamine intoxication occurs in the form of 
an outbreak, affecting those who have consumed a particular histamine-rich food. 
A few years ago, another histamine-related disorder began to be described, known 
as histamine intolerance, which arises from the failure of the diamine oxidase 
(DAO) enzyme to metabolise histamine in the intestines. This enzymatic deficit in 
a sensitive population may explain some of the uncertainties classically associated 
with histamine intoxication. In this chapter we review the available information on 
dietary histamine and its adverse effects, using a risk analysis approach, focusing 
specifically on the components of risk assessment and management.

2. Risk assessment

2.1 Hazard identification

Histamine (2-[4-imidazolyl] ethylamine) is the causative agent of both histamine 
intoxication and histamine intolerance. Based on its chemical structure and num-
ber of amine groups, histamine is classified as a heterocyclic diamine. Important 
physiological activities of histamine in the human organism include synaptic 
transmission, blood pressure control, allergic response and cellular growth control 
[1]. Histamine is also found in foods, mainly fish, fish products and fermented 
foodstuffs [1, 3]. The major pathway for the formation of histamine in foods is the 
decarboxylation of its precursor amino acid, histidine, by the action of the bacterial 
enzyme L-histidine decarboxylase (Figure 1). This enzyme requires pyridoxal-5′-
phosphate (vitamin B6) as a cofactor, an exception being the pyruvoyl-dependent 
histidine decarboxylase of Gram-positive bacteria [3–5]. Other biogenic amines 
commonly found in foods are tyramine, putrescine and cadaverine and to a lesser 
extent β-phenylethylamine and tryptamine [3, 4, 6]. These amines are all synthe-
sised by the microbial decarboxylation of their corresponding precursor amino acids 
[7]. Therefore, the accumulation of histamine and other biogenic amines in foods 
requires the concurrence of several factors: microorganisms with decarboxylase 
enzymes, the availability of precursor amino acids and favourable environmental 
conditions for the growth or activity of aminogenic microorganisms [6, 8].

Although the ability to decarboxylate certain amino acids is a strain-dependent 
property, several genera of both Gram-positive and Gram-negative bacteria 
associated with food spoilage and/or with technological applications can produce 
histamine (Table 1) [1, 5, 9]. Enterobacteriaceae, including mesophilic and psychro-
tolerant species of Morganella, Enterobacter, Hafnia, Proteus and Photobacterium, 
are the most prolific histamine-producing bacteria in fish [4, 7, 9, 10]. In the case 
of fermented foods, aside from certain strains of enterobacteria, many lactic acid 
bacteria are also reported as histamine-producing microorganisms [1, 9].

Figure 1. 
Histamine formation by histidine decarboxylation.
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The function of decarboxylase enzymes in bacterial metabolism is not fully 
understood, although it has been described as one of the primary emergency sys-
tems involved in the acid stress response [6]. Decarboxylases work in cooperation 
with a membrane antiporter protein, thus enabling amino acids to be transported 
into the cell and biogenic amines to be excreted out of the cell. Since decarboxyl-
ation consumes a proton, biogenic amine formation contributes to the regulation of 
intracellular pH and may also help to increase the pH of extracellular media with a 
low buffer capacity [5, 8]. Apart from the alkalinisation effect, amino acid decar-
boxylation can also induce metabolic energy generation through a proton motive 
force, a fundamental function for bacteria without a high capacity to generate ATP 
[1, 5, 6, 8].

In general, food products susceptible to containing high levels of histamine are 
those that are microbiologically spoiled (fresh fish, meat, etc.) or fermented/cured, 
in which the active bacteria can present an aminogenic capacity [11, 12]. Moreover, 
foods rich in free histidine may be more susceptible to histamine accumulation, as 
is the case of scombroid fish species [7, 12]. Endogenous histamine is also found in 
foods that contain blood or viscera, as well as in some plant products [3, 13].

Storage temperature is one of the most important factors of histamine formation 
in food [7, 10, 14, 15]. High temperatures (around 25–30°C) have been described by 
many authors as optimal for most histaminogenic microorganisms, but significant 
histamine formation has also been reported in refrigerated foods (4–10°C), espe-
cially fish [14, 16, 17]. Only ice storage at near 0°C was found to retard histamine 
formation [17]. In fermentation processes, histamine and other biogenic amines 
formation is reduced at temperatures lower than 15°C [18]. Other factors, such 
as pH, formulation (e.g. salting, species, nitrites), starter cultures, technological 
conservation processes (pasteurisation, high hydrostatic pressures, irradiations) 
and packaging (vacuum, modified atmospheres), have been extensively studied as 
potential conditioners of microbial capacity to form histamine [6, 11, 12, 14].

2.2 Hazard characterisation

2.2.1 Physiological role and metabolism of histamine in the organism

Histamine is involved in vital physiological activities in the human body, includ-
ing neurotransmission, immunomodulation, haematopoiesis, wound healing, cir-
cadian rhythms, regulation of cell proliferation, contraction of smooth muscle cells, 
vasodilatation, increased vascular permeability and mucous secretion, alterations 
in blood pressure, arrhythmias and the stimulation of gastric acid secretion [15, 19]. 

Food Microorganisms

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

Fermented 
food (cheese, 
dry-fermented 
meat sausage, 
wine)

Lactobacillus buchneri, Oenococcus oeni, Lactobacillus hilgardii, Pediococcus parvulus, 
Pediococcus damnosus, Lactobacillus bavaricus, Lactobacillus brevis, Lactobacillus curvatus, 
Lactobacillus parabuchneri, Lactobacillus rossiae, Lactobacillus saerimneri 30a, 
E. aerogenes, E. cloacae, Escherichia coli, H. alvei, Klebsiella oxycata, M. morganii, 
S. liquefaciens, Tetragenococcus spp., Leuconostoc spp.

Table 1. 
Histamine-producing microorganisms [1, 10].
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recommendeds using the term histamine poisoning or histamine intoxication, since 
other foods can also be involved [2]. Histamine intoxication occurs in the form of 
an outbreak, affecting those who have consumed a particular histamine-rich food. 
A few years ago, another histamine-related disorder began to be described, known 
as histamine intolerance, which arises from the failure of the diamine oxidase 
(DAO) enzyme to metabolise histamine in the intestines. This enzymatic deficit in 
a sensitive population may explain some of the uncertainties classically associated 
with histamine intoxication. In this chapter we review the available information on 
dietary histamine and its adverse effects, using a risk analysis approach, focusing 
specifically on the components of risk assessment and management.

2. Risk assessment

2.1 Hazard identification

Histamine (2-[4-imidazolyl] ethylamine) is the causative agent of both histamine 
intoxication and histamine intolerance. Based on its chemical structure and num-
ber of amine groups, histamine is classified as a heterocyclic diamine. Important 
physiological activities of histamine in the human organism include synaptic 
transmission, blood pressure control, allergic response and cellular growth control 
[1]. Histamine is also found in foods, mainly fish, fish products and fermented 
foodstuffs [1, 3]. The major pathway for the formation of histamine in foods is the 
decarboxylation of its precursor amino acid, histidine, by the action of the bacterial 
enzyme L-histidine decarboxylase (Figure 1). This enzyme requires pyridoxal-5′-
phosphate (vitamin B6) as a cofactor, an exception being the pyruvoyl-dependent 
histidine decarboxylase of Gram-positive bacteria [3–5]. Other biogenic amines 
commonly found in foods are tyramine, putrescine and cadaverine and to a lesser 
extent β-phenylethylamine and tryptamine [3, 4, 6]. These amines are all synthe-
sised by the microbial decarboxylation of their corresponding precursor amino acids 
[7]. Therefore, the accumulation of histamine and other biogenic amines in foods 
requires the concurrence of several factors: microorganisms with decarboxylase 
enzymes, the availability of precursor amino acids and favourable environmental 
conditions for the growth or activity of aminogenic microorganisms [6, 8].

Although the ability to decarboxylate certain amino acids is a strain-dependent 
property, several genera of both Gram-positive and Gram-negative bacteria 
associated with food spoilage and/or with technological applications can produce 
histamine (Table 1) [1, 5, 9]. Enterobacteriaceae, including mesophilic and psychro-
tolerant species of Morganella, Enterobacter, Hafnia, Proteus and Photobacterium, 
are the most prolific histamine-producing bacteria in fish [4, 7, 9, 10]. In the case 
of fermented foods, aside from certain strains of enterobacteria, many lactic acid 
bacteria are also reported as histamine-producing microorganisms [1, 9].

Figure 1. 
Histamine formation by histidine decarboxylation.
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[1, 5, 6, 8].
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Storage temperature is one of the most important factors of histamine formation 
in food [7, 10, 14, 15]. High temperatures (around 25–30°C) have been described by 
many authors as optimal for most histaminogenic microorganisms, but significant 
histamine formation has also been reported in refrigerated foods (4–10°C), espe-
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Lactobacillus parabuchneri, Lactobacillus rossiae, Lactobacillus saerimneri 30a, 
E. aerogenes, E. cloacae, Escherichia coli, H. alvei, Klebsiella oxycata, M. morganii, 
S. liquefaciens, Tetragenococcus spp., Leuconostoc spp.
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Histamine-producing microorganisms [1, 10].
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Its effects occur through the binding of histamine with four receptors (H1R, H2R, 
H3R and H4R) located in the target cells of various tissues. Plasma histamine levels 
between 0.3 and 1.0 ng/mL are considered normal [19].

In humans, two main routes of histamine metabolism are known, involving 
the enzymes histamine-N-methyltransferase (HNMT) and DAO (Figure 2). 
The product of HNMT-catalysed histamine methylation is N-methylhistamine 
(MHA), which is subsequently transformed by the monoamine oxidase 
(MAO) to N-methylimidazole acetaldehyde. The latter is then converted to 
N-methylimidazoleacetic acid (MIAA) by aldehyde dehydrogenase (ALDH). 
HNMT, a cytosolic enzyme that metabolises histamine only in the intracellular 
space, is expressed in almost all tissues, although mainly in the liver and kidney 
[15, 20]. On the other hand, the oxidative deamination of histamine by DAO leads 
to imidazole acetaldehyde and then, via ALDH transformation, to imidazole acetic 
acid (IAA), which is combined with a ribose molecule for its excretion [15, 20]. 
DAO, which is found mainly in the intestines, placenta and kidneys, is a secretory 
protein responsible for scavenging extracellular histamine after mediator release 
[15, 20].

2.2.2 Adverse health effects

2.2.2.1 Histamine intoxication

Histamine intoxication occurs after the ingestion of foods with unusually high 
amounts of histamine, which overwhelm the metabolic capacity of the organism 
[1, 21]. Previously known as scombrotoxicosis, scombroid fish poisoning, pseudoallergic 
fish poisoning, histamine overdose or mahi-mahi flush [1, 15], it was initially associ-
ated with ingestion of fishes from the Scombridae and Scomberesocidae families (e.g. 
mackerel, tuna, albacore and bonito). The first histamine intoxication was reported 
in sailors some centuries ago, but it was not until 1946 that publications began to 
describe the relationship between histamine and intoxication symptoms [9, 22, 23].  
In the 1980s, the WHO recommended using the term histamine poisoning or intoxi-
cation, as the condition could be caused by the consumption of other fish species, as 
well as other foods [2].

The symptomatology associated with histamine intoxication is closely related to 
the different physiological actions of histamine in the organism. The main symp-
toms are neurological, gastrointestinal, dermatological and respiratory, notably 
rash, erythema, sweating, nausea, vomiting, diarrhoea, a sensation of burning in 
the mouth, swelling of tongue and face, headache, respiratory distress, palpitations 
and hypotension [4, 15, 21]. Symptoms are generally mild, appearing 30 minutes 
after ingestion and disappearing within 24 hours [4, 10, 24]. On rare occasions, 
they can be more severe and require medical attention [3, 4]. The severity or type of 

Figure 2. 
Metabolic pathways of histamine in the human organism.
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reaction depends on the amount of histamine in the plasma. Thus, plasma concen-
trations higher than the normal level of 1–2 ng/mL result in an increase in gastric 
secretion and heart rate; 3–5 ng/mL causes headache, flushing, urticaria, pruritus 
and tachycardia, 6–8 ng/mL a decrease in blood pressure, 7–12 ng/mL broncho-
spasm and over 100 ng/mL cardiac arrest [19].

The similarity between the described symptomatology and that of allergic reac-
tions can lead to an incorrect diagnosis. Intoxication may be distinguished from a 
food allergy by taking into account the absence of an allergy history and its occur-
rence in an outbreak involving more than one patient over a short period of time 
after the consumption of foods with a high histamine load [9]. For a differential 
diagnosis, the concentration of serum tryptase measured within 1–2 hours of the 
onset of symptoms can also be helpful. In food allergy, the activity of serum trypt-
ase increases, whereas in histamine intoxication it should remain within normal 
physiological values [15, 25]. Moreover, intoxication may be confirmed by elevated 
histamine levels in the suspected implicated food [1].

2.2.2.2 Histamine intolerance

Histamine intolerance, also known as enteral histaminosis or sensitivity to food 
histamine, is a disorder in histamine homeostasis mainly due to reduced intestinal 
degradation by a deficit of DAO activity and the resulting enhanced plasma concen-
trations [19, 26, 27]. This disorder is not so widely known as histamine intoxication, 
since the first reference regarding histaminosis or histamine intolerance dates from 
1988, and most of the studies have appeared during the last 15 years [28]. DAO 
enzyme deficiency may have a genetic aetiology. A significant relationship has been 
found between lower DAO activity and the presence of different single-nucleotide 
polymorphisms (SNPs) in the AOC1 gene located on chromosome 7 (7q36.1) that 
encodes this enzyme [29, 30]. The secretion of DAO may also be inhibited by certain 
pathologies, especially inflammatory bowel diseases, and also by the action of drugs 
(acetylcysteine, clavulanic acid, metoclopramide, verapamil, etc.) [15, 19]. The role 
of DAO inhibitor drugs may be significant, as it has been estimated they are being 
consumed by approximately 20% of the European population [1, 28].

Several clinical studies have linked DAO deficiency with the appearance of 
gastrointestinal (abdominal pain, diarrhoea and vomiting), dermatological 
(atopic dermatitis, eczema or chronic urticaria) and/or neurological (headaches) 
complaints [31–42]. Individuals with histamine intolerance due to DAO deficiency 
may suffer symptoms similar to those of intoxication, but they appear after a lower 
histamine intake. The diagnosis is based on the presentation of at least two clinical 
symptoms, which go into remission when a low-histamine diet is adopted (always 
after ruling out positive results for food allergy) [19, 42]. Individuals with histamine 
intolerance can also be identified by determining serum DAO activity, although 
evidence for the usefulness of this analysis is still scarce and inconclusive [27, 34, 
36, 43, 44]. Despite the lack of well-proven data on the incidence of histamine-
intolerant individuals with a DAO deficit, it has been estimated as affecting 1% of 
the population [19].

2.2.3 Dose-response relationship assessment

Although a range of plasma histamine levels have been associated with the onset 
of different symptoms, as described above, there is no consensus on what quantities 
of histamine in food are responsible for intoxication outbreaks. Dose-response data 
from food histamine are scant [24]. According to some studies in healthy volun-
teers, histamine was found to trigger intoxication symptoms at levels of 75–300 mg 
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reaction depends on the amount of histamine in the plasma. Thus, plasma concen-
trations higher than the normal level of 1–2 ng/mL result in an increase in gastric 
secretion and heart rate; 3–5 ng/mL causes headache, flushing, urticaria, pruritus 
and tachycardia, 6–8 ng/mL a decrease in blood pressure, 7–12 ng/mL broncho-
spasm and over 100 ng/mL cardiac arrest [19].

The similarity between the described symptomatology and that of allergic reac-
tions can lead to an incorrect diagnosis. Intoxication may be distinguished from a 
food allergy by taking into account the absence of an allergy history and its occur-
rence in an outbreak involving more than one patient over a short period of time 
after the consumption of foods with a high histamine load [9]. For a differential 
diagnosis, the concentration of serum tryptase measured within 1–2 hours of the 
onset of symptoms can also be helpful. In food allergy, the activity of serum trypt-
ase increases, whereas in histamine intoxication it should remain within normal 
physiological values [15, 25]. Moreover, intoxication may be confirmed by elevated 
histamine levels in the suspected implicated food [1].

2.2.2.2 Histamine intolerance

Histamine intolerance, also known as enteral histaminosis or sensitivity to food 
histamine, is a disorder in histamine homeostasis mainly due to reduced intestinal 
degradation by a deficit of DAO activity and the resulting enhanced plasma concen-
trations [19, 26, 27]. This disorder is not so widely known as histamine intoxication, 
since the first reference regarding histaminosis or histamine intolerance dates from 
1988, and most of the studies have appeared during the last 15 years [28]. DAO 
enzyme deficiency may have a genetic aetiology. A significant relationship has been 
found between lower DAO activity and the presence of different single-nucleotide 
polymorphisms (SNPs) in the AOC1 gene located on chromosome 7 (7q36.1) that 
encodes this enzyme [29, 30]. The secretion of DAO may also be inhibited by certain 
pathologies, especially inflammatory bowel diseases, and also by the action of drugs 
(acetylcysteine, clavulanic acid, metoclopramide, verapamil, etc.) [15, 19]. The role 
of DAO inhibitor drugs may be significant, as it has been estimated they are being 
consumed by approximately 20% of the European population [1, 28].

Several clinical studies have linked DAO deficiency with the appearance of 
gastrointestinal (abdominal pain, diarrhoea and vomiting), dermatological 
(atopic dermatitis, eczema or chronic urticaria) and/or neurological (headaches) 
complaints [31–42]. Individuals with histamine intolerance due to DAO deficiency 
may suffer symptoms similar to those of intoxication, but they appear after a lower 
histamine intake. The diagnosis is based on the presentation of at least two clinical 
symptoms, which go into remission when a low-histamine diet is adopted (always 
after ruling out positive results for food allergy) [19, 42]. Individuals with histamine 
intolerance can also be identified by determining serum DAO activity, although 
evidence for the usefulness of this analysis is still scarce and inconclusive [27, 34, 
36, 43, 44]. Despite the lack of well-proven data on the incidence of histamine-
intolerant individuals with a DAO deficit, it has been estimated as affecting 1% of 
the population [19].

2.2.3 Dose-response relationship assessment

Although a range of plasma histamine levels have been associated with the onset 
of different symptoms, as described above, there is no consensus on what quantities 
of histamine in food are responsible for intoxication outbreaks. Dose-response data 
from food histamine are scant [24]. According to some studies in healthy volun-
teers, histamine was found to trigger intoxication symptoms at levels of 75–300 mg 
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when administered with food (fish or non-alcoholic drinks) [1]. When histamine 
was administered with alcoholic beverages, levels of 0.12–4 mg in wine did not 
cause significant effects on healthy volunteers, whereas another trial demonstrated 
the onset of clinical symptoms in 12 out of 40 patients with histamine intolerance 
following a provocation test with 4 mg of histamine in sparkling wine [1]. Wantke 
et al. [45] reported the onset of symptoms after the ingestion of 50 μg of histamine 
in wine (125 mL) in patients with histamine intolerance. On the other hand, when 
120 mg of histamine was introduced directly into the duodenum (not transported 
by food), symptoms appeared in patients diagnosed with chronic urticaria but not 
in healthy volunteers [1].

The majority of histamine poisoning outbreaks described in the literature 
occurred after the consumption of high amounts of histamine, mainly in fish [1]. 
The histamine levels in the foods associated with these outbreaks vary considerably, 
in the vast majority of cases with values ranging from 100 to 5000 mg/kg [46–53], 
although amounts of up to 10,000 mg/kg have also been reported [53].

Due to the lack of consensus to establish a threshold toxic dose for histamine 
intoxication, some authors have proposed some safe levels [3, 4]. Lehane and Olley 
[54] suggested 30 mg of histamine as a safe dose, calculated from the maximum 
level of 100 mg/kg of histamine in foods and based on a fish serving of 300 g and a 
consumer weight of 60 kg. The same authors, however, pointed out that the accu-
racy of their calculation was limited by an incomplete understanding of histamine 
intoxication. Later, Rauscher-Gabernig et al. [24] reported that dietary histamine 
levels in the range of 6–25 mg/meal had no adverse effects. The EFSA expert panel 
on biological risks proposed 50 mg/person/meal as a safe upper limit of histamine 
intake for healthy individuals, based on the few studies published to date [1]. This 
value corresponds with the 50 mg safe threshold advocated for the healthy popula-
tion by the joint FAO/WHO report on health risks of histamine and other biological 
amines in fish and derivatives [21].

A safe level of histamine intake for intolerant individuals is not proposed in any 
of the studies on this disorder. The only recommendation available is from EFSA, 
which carried out a risk assessment of biogenic amine formation in fermented prod-
ucts and concluded that only foods with histamine levels below detectable limits can 
be considered safe for intolerant patients [1].

2.2.4 Factors contributing to histamine sensitivity

One of the most important factors affecting sensitivity to dietary histamine is 
the different histamine-metabolising capacity of each individual. Thus, those with a 
lower activity of enzymes involved in histamine metabolism (DAO, HNMT, MAO) 
are more sensitive to suffer the effects after histamine ingestion [1]. An impaired 
enzymatic activity may have a genetic explanation or be caused by intestinal pathol-
ogies or the action of drugs with an inhibitory effect [15, 19, 20]. In this context, 
the most studied enzyme is DAO. The enhanced sensitivity of women to histamine 
in certain physiological states, such as in the premenstrual period, is attributed to a 
reduced DAO activity [55]. Conversely, an increase in DAO production of up to 500-
fold has been reported during pregnancy, accompanied by a remission of certain 
symptoms related to histamine intolerance [56]. Therefore, from the metabolic 
point of view, there is inter- as well as intra-individual variation in sensitivity.

The toxicity of histamine may be enhanced by dietary components, such as 
other biogenic amines or alcohol. Putrescine, cadaverine, tyramine and spermidine 
are biogenic amines usually found together with histamine in food and likewise 
are DAO substrates. Due to competition for intestinal mucin attachment sites 
and metabolisation, the ingestion of high quantities of these other amines may 
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potentiate the adverse effects of histamine [1, 10, 15, 54]. This effect has been 
demonstrated in amines such as putrescine, cadaverine and tyramine, among 
others, in both in vitro and animal studies [1, 11]. These amines were found to 
exert an inhibitory effect on histamine metabolism when present at levels 4–5 times 
higher than that of histamine [11]. This potentiation mechanism could explain why 
symptoms do not appear when histamine is administered intravenously and yet are 
triggered when the same amounts of histamine are consumed in foods containing 
other amines [4].

Alcohol and its metabolite acetaldehyde can also have a potentiating effect. 
Competition for the ALDH enzyme, which is involved in the metabolism of both 
alcohol and histamine, results in an accumulation of histamine [1, 12]. The presence 
of these potentiating factors can thus explain the appearance/absence of symptoms 
or the variable degrees of reaction among individuals who have consumed foods 
containing the same amount of histamine.

2.2.5 Outbreaks of histamine intoxication in the European Union

Frequent misdiagnosis and the lack of an adequate and obligatory system for 
reporting histamine intoxication could account for the limited statistical data on the 
incidence of this food-borne disease [10, 15]. A total of 386 outbreaks were reported 
in 2010–2015 by different EU member states according to the EFSA reports on food-
borne outbreaks [57]. In 191 of the outbreaks, the food responsible was determined 
with strong evidence, involving more than 1000 cases of which 107 were hospitalised 
(Figure 3). No deaths due to histamine intoxication were reported during this 
period. According to these data, there is no clear declining trend in the incidence of 
histamine intoxication in recent years, in contrast with other types of food poisoning 
(Figure 3). During this period, fish and fishery products were the primary cause of 
histamine intoxication in the European Union (176 outbreaks), followed by “mixed 
foods” (six outbreaks, three of which included a dish of tuna), “cheese” (three out-
breaks), “buffet meal”, “crustaceans, shellfish, mollusc and products thereof”, “dairy 
products other than cheese”, “vegetables and juices and other products thereof” (one 
outbreak each) and “other foods” (two outbreaks) [57].

On the other hand, according to information extracted from the Rapid Alert 
System for Food and Feed (RASFF), there was a clear rise in notification of his-
tamine intoxication cases linked to tuna consumption during 2014–2017, with a 
particularly sharp increase in 2017 [57]. In May 2017, Spain and France reported a 

Figure 3. 
Assessment of the incidence of histamine intoxication in EU countries during the 2010–2015 [57].
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Figure 3. 
Assessment of the incidence of histamine intoxication in EU countries during the 2010–2015 [57].
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high incidence of histamine intoxication after the consumption of yellowfin tuna 
from Spain. Additional cases may have arisen in other countries that imported 
this food product. More than 150 people in Spain and more than 40 in France 
were affected after consuming tuna that was allegedly treated with a vegetable 
extract to alter the colour and enhance display freshness [58]. The modification 
of colour may mask spoilage responsible for the production of histamine and 
other biogenic amines.

2.3 Exposure assessment

To assess consumer exposure, it is necessary to have data on histamine levels in 
foods. The overall exposure to dietary histamine is difficult to estimate due to its 
multiple potential sources and variable concentration. Figure 4, which shows the 
distribution of histamine contents in different foods retailed in Spain, reflects this 
characteristic high variability, both among different food categories and within the 
same category.

Fresh fish and fishery products usually do not contain histamine or only low 
levels [59]. As shown in Figure 4, in most of the Spanish retail fish samples reported 
by Bover-Cid et al. [3], histamine was absent or found in very small quantities (P95 
below 5 mg/kg). These data are in agreement with the scientific report published 
by EFSA based on samples of non-fermented fish and fish products from differ-
ent European countries, in which only 27% of a total of 6329 samples contained 
histamine, usually at low concentrations (median of 2.5 mg/kg) [1]. However, a lack 
of freshness in raw fish and/or hygienically inadequate manufacturing processes 
of semi-preserved or preserved fish products can lead to markedly high histamine 
content. An example is the 657 mg/kg of histamine recorded within the Spanish 
canned fish category (Figure 4) or the 8910 mg/kg in fish and fishery products in 
the EFSA report [1]. Notably, when freshness is lost, in addition to high amounts of 
histamine, other amines related to the decarboxylase activity of spoilage bacteria, 
such as cadaverine and putrescine, also frequently accumulate.

Figure 4. 
Histamine distribution (mg/kg or mg/L) in different food products [3].
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In fresh, cooked or cured meat, as in fish, no histamine occurrence is expected 
as long as freshness and a proper hygienic status of the products or manufacturing 
processes are ensured [1, 3, 60]. In contrast, fermented foods are susceptible to accu-
mulating large amounts of histamine [1, 3, 5, 61]. In this type of foods, the occurrence 
of histamine depends not only on the hygienic conditions of the raw materials and/or 
manufacturing processes but also on the aminogenic capacity of the bacteria respon-
sible for the fermentation [11, 12]. As can be seen in Figure 4, the presence of hista-
mine in Spanish retail fermented foods is frequently relatively low (85% of samples 
below 20 mg/kg), but in some cases its levels are notably high, as in cheese (389 mg/
kg), fermented sausages (475 mg/kg) or soybean products (730 mg/kg). In fermented 
beverages (e.g. wine and beer), histamine contents are much lower than those reported 
for other fermented foods. Notably, together with histamine, tyramine is usually the 
most frequent and abundant amine in fermented foods, because its formation is closely 
related to the lactic acid bacteria responsible for the fermentation processes, and its 
levels can reach 600 mg/kg in cheese, 700 mg/kg in fermented sausages and 1700 mg/
kg in fermented vegetables. The occurrence of putrescine and cadaverine is also quite 
common but at lower and more variable concentrations than tyramine.

Among foods of plant origin, only some vegetables usually show significant 
levels of histamine, such as spinach, tomato and eggplant [13]. In these products 
low levels of histamine may have a physiological origin, but undesirable microbial 
enzymatic activity during storage can lead to the accumulation of high levels [13, 
62]. Lavizzari et al. [62] reported a significant increase in histamine levels in differ-
ent spinach samples stored at refrigeration temperature during 2 weeks. Histamine 
formation in this type of vegetables was attributed to the activity of some Gram-
negative bacteria, mainly belonging to Enterobacteriaceae and Pseudomonadaceae 
groups, as their growth is favoured by the relatively high pH of spinach. Asparagus, 
pumpkin, chard and avocado rarely contain histamine and at very low levels [13]. 
Other types of frequently consumed foods, such as cereals, milk, yoghurt and eggs, 
do not show significant contents of histamine or any other biogenic amine [3].

In addition to food content, another fundamental issue when assessing exposure 
to histamine is the actual consumption of food by the population. Food consump-
tion data need to be as representative as possible, with sources such as the most 
recent national dietary surveys.

In the exposure assessment performed by EFSA, the 95-percentiles of biogenic 
amine contents of different European foods and their consumption patterns were 
combined to provide exposure values in terms of mg/day as an estimation of a high 
exposure scenario [1]. For histamine, the highest exposure values were obtained 
for the category “fresh, frozen and canned fish” (8.8–41.4 mg/day) followed by 
“dry-fermented sausages” (6.4–37.1 mg/day), “cheese” (13–32.1 mg/day) and “fish 
sauces” (0.4–29.9 mg/day). Likewise, in an assessment of the dietary histamine 
exposure of Austrian consumers, it was concluded that tuna fish and some fer-
mented products (cheese and sauerkraut) were the top contributors to the total 
histamine intake [24]. According to this study, a typical meal with fish as a main 
dish could contribute from 2.3 to 264 mg of histamine. Recently, Latorre-Moratalla 
et al. [63] carried out an assessment of Spanish consumer exposure to histamine 
derived from the consumption of dry-fermented sausages, concluding that in 95% 
of cases, it was lower than 6.8 mg/meal.

The larger serving size of fish products, together with the extremely high hista-
mine contents arising from hygienic defects in their conservation or manufacturing 
processes, could explain why these foods contribute more to histamine exposure 
than others, such as cheese or dry-fermented sausages, which a priori have higher 
average histamine contents. This could also explain why fish and fishery products 
are the predominant cause of histamine intoxication.
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2.4 Risk characterisation

Performing an adequate quantitative risk characterisation of histamine exposure 
is hampered by the lack of dose-response data. However, a qualitative approach, 
taking into account the limited data available, suggests that the risk of suffering 
histamine intoxication is relatively low, since exposure exceeds the safety limit on 
very few occasions.

According to the qualitative risk characterisation performed by EFSA, exposure 
to histamine (95-percentile value) in fermented foods does not go beyond the 
safe threshold of 50 mg/meal/person [1]. However, it is stressed that this upper 
limit may be exceeded by the consumption of more than one food item with high 
histamine content during the same meal. Likewise, Latorre-Moratalla et al. [63] 
concluded that the risk of suffering acute effects related to histamine intake after 
the consumption of dry-fermented sausages in Spain is very low, since the exposure 
levels rarely exceed the safe threshold. It should be noted that all available studies 
have been carried out on specific food groups and to date none have dealt with the 
full range of histamine-containing foods.

The risk for the histamine-intolerant population is higher, because even small 
amounts of histamine may trigger adverse effects [1, 63]. No studies have been 
carried out to evaluate this risk.

3. Risk management

From the perspective of risk management, decision-makers or the food industry 
should consider different actions to reduce consumer exposure to dietary histamine. 
For example, regulatory measures or strategies to prevent, reduce or eliminate the 
presence of histamine and other amines in foods could be implemented.

From a legal perspective, tolerable limits of histamine have been fixed by dif-
ferent countries only for fish and fishery products. The European Union through 
Regulation (EC) No. 2073/2005 on microbiological criteria has established that in 
fishery products from species with a naturally high histidine content (particularly 
fish from the Scombridae, Clupeidae, Engraulidae, Coryphaenidae, Pomatomidae 
and Scomberesocidae families), using a sampling plan of nine samples, the mean 
histamine value must be less than 100 mg/kg, no sample should exceed 200 mg/
kg and among nine samples only two can have a histamine content between 100 
and 200 mg/kg [64]. In fishery products obtained from species with a high his-
tidine content and subjected to an enzymatic maturation treatment in brine, the 
maximum average value allowed is 200 mg/kg, the maximum individual value 
is 400 mg/kg and there can only be two samples between these two values in a 
sampling plan of nine samples [64, 65]. The Food and Drug Administration (FDA) 
of the United States, using a sampling plan of 18 samples, establishes a tolerable 
maximum level of 50 mg/kg of histamine for tuna and mahi-mahi or between 50 
and 500 mg/kg of histamine for other fish species, with just one sample higher than 
these values [66]. In Canada, Switzerland and Brazil, the maximum limit allowed in 
fish and fishery products is 100 mg/kg and in Australia and New Zealand 200 mg/
kg [7].

As histamine and other biogenic amines are a food safety concern, the food 
industry needs to consider improving control strategies. Available knowledge about 
biogenic amine formation in certain foods has made it possible to design measures 
to prevent or at least reduce their accumulation during manufacture and storage.

A key strategy is to guarantee and improve the hygienic quality of raw materials 
and manufacturing processes. Since contaminant microorganisms are responsible 
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for biogenic amine formation in many products, food quality and safety manage-
ment based on hazard analysis and critical control points (HACCP) are essential 
[4, 7]. The time/temperature binomial is the most critical and determinant risk 
factor in biogenic amine formation in most fresh and lightly preserved meat and 
seafood products, as well as in raw materials (of animal and plant origin) used in the 
preparation of cooked, ripened or fermented products [3, 7, 11]. Predictive models of 
biogenic amine formation in perishable products as a function of time and tempera-
ture could be used to avoid hazardous storage conditions [11, 67]. This approach has 
already been implemented to reduce histamine accumulation in seafood, which is 
particularly associated with histamine formation by Morganella psychrotolerans and 
M. morganii [67]. Other factors that inhibit or reduce aminogenic activity, such as 
the packaging atmosphere and the addition of salt and other preservatives, should be 
taken into account for lightly preserved fish, meat and vegetables [6, 11].

In the case of fermented foods or beverages, the hygienic quality of raw materi-
als may be enhanced by decreasing the microbial load through pasteurisation, a 
common practice in the cheese-making industry [5]. However, in fermented meat 
products, high temperature causes detrimental changes in the raw materials, thus 
rendering the conventional heat treatments unsuitable. The application of high-
pressure treatments to raw materials (milk and meat) could be an effective strategy 
to improve their hygienic status, thereby reducing the biogenic amine accumulation 
without significant alteration of sensory properties [11, 68].

Techniques that avoid biogenic amine formation should also be implemented in 
fermented food products. For example, the use of a suitable formulation (adjusting 
the type and amount of fermentable sugar, spices and preservatives) and well-
established technological parameters (temperature and relative humidity) enables 
a quick and accurate selection of desired fermentative microbiota, which limits 
the action of contaminant microorganisms, including amine formation [11, 18]. 
Moreover, it has been widely demonstrated that the selection of microorganisms 
without aminogenic activity for the starter cultures constitutes an effective control 
measure against biogenic amine accumulation in fermented products [6, 11, 18, 
61]. For cases where these strategies are not sufficiently effective, a new approach 
currently being explored is the application of starter cultures with amino-oxidase 
activity, which are able to degrade previously formed amines [11, 61].

A general control strategy for wine that includes many of these approaches is 
the so-called low-histamine technology, which is based on the guaranteed hygienic 
quality of the raw materials, the addition of selected starter cultures and the use 
of specific production techniques that inhibit histamine formation [3]. The cur-
rent challenge for the food industry is to extend this technology to other biogenic 
amines and other products. The successful implementation of “low biogenic amine 
technologies” will enable food manufacturers to produce safe and high-quality 
amine-free food.

4. Conclusions

Although the health problems associated with histamine consumption are well 
known, there are some uncertainties, especially regarding the threshold level of 
this amine that may trigger the symptoms. Histamine concentrations reported as 
responsible for intoxication outbreaks are extremely variable. Thus, despite the 
association of adverse effects with the ingestion of high levels of histamine, lower 
levels can also cause symptoms in sensitive individuals with a genetic or acquired 
impairment in the enzymatic degradation of histamine (the histamine-intolerant 
population). The difficulty in establishing a specific toxic dose is also due to the 
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presence of other biogenic amines in the implicated foods, which can potentiate the 
adverse effects of histamine.

The few qualitative risk assessments of histamine performed to date all indicate 
that the current risk of suffering histamine intoxication is low. However, in the 
population with histamine intolerance, the risk of suffering symptoms derived from 
the intake of histamine would be much higher. In fact, according to the risk assess-
ment performed by EFSA, only levels below the detectable limit can be considered 
as safe. Therefore, for these individuals, the main strategy to avoid histamine-
related health problems is to follow a diet that excludes foods rich in this or other 
amines, such as putrescine and cadaverine, which can potentiate the adverse effects 
of histamine.

According to current EU data, the consumption of spoiled fish and fishery 
products is the main cause of histamine intoxication outbreaks. Although this type 
of food usually has a low or negligible histamine content, a lack of freshness and 
poor hygienic conditions may result in the accumulation of high levels and trigger 
an outbreak. In contrast, whereas fermented foods often have higher histamine 
contents than fish and fish derivatives, their serving size tends to be lower, which 
could explain why they are generally less implicated in the outbreaks. Nevertheless, 
even when the risk of intoxication is low, the accumulation of high levels of hista-
mine in fermented foods may indicate poor hygienic quality and is an argument for 
extending the legislative criteria to foods other than fish.

The lack of consensus on what quantities of dietary histamine produce intoxica-
tion can be explained by the coexistence of other biogenic amines in the same foods, 
as well as inter- and intra-individual variability in histamine metabolisation. The 
impaired ability to metabolise ingested histamine has led to the description of a 
relatively new disorder, that of histamine intolerance due to DAO deficiency.

A current challenge for the food industry is to offer products with minimal bio-
genic amine levels, and it may be recommendable to declare the presence or absence 
of histamine in food labelling. Private initiatives have already begun to include the 
message “without histamine” in products as a hallmark of quality. Such labelling 
could help those with histamine intolerance to make a more informed selection of 
suitable foods.
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presence of other biogenic amines in the implicated foods, which can potentiate the 
adverse effects of histamine.
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that the current risk of suffering histamine intoxication is low. However, in the 
population with histamine intolerance, the risk of suffering symptoms derived from 
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amines, such as putrescine and cadaverine, which can potentiate the adverse effects 
of histamine.
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of food usually has a low or negligible histamine content, a lack of freshness and 
poor hygienic conditions may result in the accumulation of high levels and trigger 
an outbreak. In contrast, whereas fermented foods often have higher histamine 
contents than fish and fish derivatives, their serving size tends to be lower, which 
could explain why they are generally less implicated in the outbreaks. Nevertheless, 
even when the risk of intoxication is low, the accumulation of high levels of hista-
mine in fermented foods may indicate poor hygienic quality and is an argument for 
extending the legislative criteria to foods other than fish.

The lack of consensus on what quantities of dietary histamine produce intoxica-
tion can be explained by the coexistence of other biogenic amines in the same foods, 
as well as inter- and intra-individual variability in histamine metabolisation. The 
impaired ability to metabolise ingested histamine has led to the description of a 
relatively new disorder, that of histamine intolerance due to DAO deficiency.

A current challenge for the food industry is to offer products with minimal bio-
genic amine levels, and it may be recommendable to declare the presence or absence 
of histamine in food labelling. Private initiatives have already begun to include the 
message “without histamine” in products as a hallmark of quality. Such labelling 
could help those with histamine intolerance to make a more informed selection of 
suitable foods.
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Chapter 5

Biochemical and Pharmacological 
Properties of Biogenic Amines
Dincer Erdag, Oguz Merhan and Baris Yildiz

Abstract

Biogenic amines are low molecular weight organic nitrogen compounds. They 
are formed by the decarboxylation of amino acids or by amination and transamina-
tion of aldehydes and ketones during normal metabolic processes in living cells and 
therefore are ubiquitous in animals, plants, microorganisms, and humans. In food 
and beverages, they are formed by the enzymes of raw materials or are generated by 
microbial decarboxylation of amino acids. The structure of a biogenic amine can be 
aromatic and heterocyclic amines (histamine, tryptamine, tyramine, phenylethyl-
amine, and serotonin); aliphatic di-, tri-, and polyamines (putrescine, cadaverine, 
spermine, spermidine, and agmatine); and aliphatic volatile amines (ethylamine, 
methylamine, isopentylamine, and ethanolamine). Many of them possess a strong 
pharmacologic effect, and others are important as precursors of hormones and com-
ponents of coenzymes. The biogenic amine intoxication leads to toxicological risks 
and health hazards that trigger psychoactive, vasoactive, and hypertensive effects 
resulting from consumption of high amounts of biogenic amines in foods. The 
toxicological effects of biogenic amines increase when the mono- and diaminoxidase 
enzymes are deficient or drugs that inhibit these enzymes (pain reliever, stress, and 
depression drugs) are used. In this chapter, biosynthesis of biogenic amines, their 
toxic effects as well as their physiological functions, and their effect on health will be 
described.

Keywords: biochemistry, biogenic amines, health, pharmacology, toxicity

1. Introduction

Biogenic amines found in animals, plants, microorganisms, and humans are 
formed by the decarboxylation of amino acids or amination and transamination of 
aldehydes and ketones during the standard metabolic processes.

Biogenic amines, having several critical biological roles in the body, have 
essential physiological functions such as the regulation of growth and blood 
pressure and control of the nerve conduction. Besides, they are required in the 
immunologic system of intestines and in maintaining the activity of the standard 
metabolic functions, and when taking the nourishment in high concentrations, 
they cause disorders in nervous, respiratory, and cardiovascular systems and 
allergic reactions as well. In this chapter, biosynthesis of biogenic amines, their 
toxic effects as well as their physiological functions, and their effect on health will 
be presented.
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2. Biogenic amines

2.1 Decarboxylation of amino acids

CO2 and biogenic amine occur as a result of the enzymatic reaction catalyzed 
by pyridoxal phosphate to decarboxylate the amino acid (Figure 1) [1]. Biogenic 
amines are biologically active molecules, as they are formed by decarboxylation 
of amino acids or amination and transamination of aldehydes and ketones during 
standard metabolic processes [2]. Biogenic amines take charge of the proliferation 
and differentiation of cells and their metabolism by entering into the structure of 
hormones, cobalamin (vitamin and aminoacetone), and coenzyme A in the body 
[3]. They have importance regarding the environment by causing water pollution, 
as their formations pertain to the amino acid and microorganisms [3, 4]. Biogenic 
amines may cause intoxications when taken in high amounts [5].

2.2 Classification of the biogenic amines

Biogenic amines are organic nitrogen compounds having a low molecular weight 
[5, 6]. Their chemical structure can be classified as (i) aromatic and heterocyclic 
(histamine, tryptamine, tyramine, phenylethylamine, and serotonin); (ii) aliphatic 
di-, tri-, and polyamines (putrescine, cadaverine, spermine, spermidine, and agma-
tine); and (iii) aliphatic volatile amines (ethylamine, methylamine, isopentylamine, 
and ethanolamine) (Figure 2) [7, 8]. Besides, their amine group classifications 
include (i) monoamine (phenylethylamine, tyramine, methylamine, ethylamine, 
isopentylamine, and ethanolamine), (ii) diamine (histamine, tryptamine, sero-
tonin, putrescine, and cadaverine), and (iii) polyamine (spermine, spermidine, and 
agmatine) [7–9].

2.3 Biosynthesis and functions

Biogenic amines generally occur as a result of free amino acid decarboxylations 
with the microbial enzymes. Amino acid decarboxylation happens by removal of 
the α-carboxyl group [10]. Their occurrences are as below: histamine from histidine 
amino acid, tyramine from tyrosine amino acid, tryptamine and serotonin from 
tryptophan amino acid, phenylethylamine from phenylalanine amino acid, putres-
cine from ornithine amino acid, cadaverine from lysine amino acid, and agmatine 
from arginine amino acid (Figure 3) [11–13].

Biogenic amines play an essential role in cell membrane stabilization, immune 
functions, and prevention of chronic diseases, as they participate in the nucleic acid 
and protein synthesis [14]. Besides, they are compounds created as the growth regu-
lation (spermine, spermidine, and cadaverine), neural transmission (serotonin), 
and inflammation mediators (histamine and tyramine) [6, 15].

Histamine, a standard component of the body, consists of histidine amino acid 
as a result of histidine decarboxylase activity depending on pyridoxal phosphate 

Figure 1. 
Decarboxylation of amino acids.
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(Figure 3) [16]. Histamine distribution and concentration found in the tissues of 
all vertebrates are very unsteady [17, 18]. Histamine takes charge of some functions 
related to balancing the body temperature and regulating the stomach volume, 
stomach pH, and cerebral activities [19] as it participates in the essential functions 
such as neurotransmission and vascular permeability [20, 21]. However, it also plays 
a role in starting the allergic reactions [22, 23].

Tryptamine consists of tryptophan amino acid as a result of the aromatic 
L-amino acid decarboxylase activity (Figure 3) [24, 25]. Tryptamine is a mono-
amine alkaloid found in plants, fungi, and animals [26]. Tryptamine, found in trace 
amounts in mammalian brains, increases blood pressure [10, 27] as well as plays a 
role as a neurotransmitter or neuromodulator [26].

The amino acid of phenylalanine synthesizes phenylethylamine through the 
aromatic L-amino acid decarboxylase in humans, some fungi, and bacteria as well 
as several plants and animal species (Figure 3) [28–30]. It functions as a neu-
rotransmitter in the human central nervous system [31, 32].

Figure 2. 
Classification of biogenic amines according to their chemical structures.
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L-amino acid decarboxylase activity (Figure 3) [24, 25]. Tryptamine is a mono-
amine alkaloid found in plants, fungi, and animals [26]. Tryptamine, found in trace 
amounts in mammalian brains, increases blood pressure [10, 27] as well as plays a 
role as a neurotransmitter or neuromodulator [26].
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Tyramine, consisting of tyrosine amino acid as a result of tyrosine decarboxylase 
activity, is generally found in low amounts (Figure 3) [33–36]. Tyramine leads to 
several physiological reactions such as blood pressure increase, vasoconstriction 
[37], tyramine active noradrenalin secretion, etc., as the sympathetic nervous system 
controls several functions of the body [38, 39]. Tyramine, stored in the neurons, 
causes the increase in the tear, salivation and respiratory as well as mydriasis [39].

Tryptophan synthesizes serotonin as a result of tryptophan hydroxylase and aro-
matic L-amino acid decarboxylase enzyme activities (Figure 3) [11, 40]. Serotonin, 
one of the crucial neurotransmitters of the central nervous system, plays a role in 
plenty of critical physiological mechanisms such as sleep, mood disorders, appetite 
regulation, sexual behavior, cerebral blood flow regulation, and blood-brain barrier 
permeability [41, 42].

Putrescine consists of ornithine amino acid as a result of ornithine decarboxyl-
ase activity. Besides, it may be synthesized by arginine through the agmatine and 
carbamoylputrescine (Figure 3) [12, 39, 43, 44]. Putrescine, produced by bacteria 
and fungi, contributes to the cell growth, cell division, and tumorigenesis [45, 46] 
as it is the preliminary substance of spermidine and spermine [12, 47].

Cadaverine, synthesized by lysine as a result of lysine decarboxylase enzyme activ-
ity, takes charge of the diamine and polyamine formations (Figure 3) [45, 48, 49].

Spermidine synthase catalyzes spermidine formation from putrescine (Figure 3) 
[50, 51]. Spermidine is a precursor of other polyamines such as spermine and structural 
isomer thermospermine [45, 52]. Spermidine, regulating several crucial biological 
processes (Na+-K+ ATPaz), protects the membrane potential and controls the intra-
cellular pH and volume [53]. Besides, spermidine, a polyamine found in the cellular 

Figure 3. 
Formation mechanism of biogenic amines.
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metabolism, has a role in the neuronal nitric oxide synthase inhibitions and intestinal 
tissue developments [54].

Spermine, whose precursor amino acid is ornithine, is formed from spermidine 
through the spermine synthase enzyme (Figure 3) [51]. Spermine is present in 
several organisms and tissues, as it is a polyamine that is found in all eukaryotic 
cells and has a role in the cellular metabolism [52, 55]. It plays a role in the intestinal 
tissue developments and stabilizes the helical structure in viruses [52, 56, 57].

Agmatine is a biogenic amine formed by arginine decarboxylase enzyme activ-
ity of arginine amino acid (Figure 3) [12, 44, 58]. Agmatine participates in the 
polyamine metabolism over the putrescine hydrolyzed by the agmatine enzyme 
and has several functions such as nitric oxide synthesis regulation, polyamine 
metabolism, and matrix metalloproteinase and enzyme activity leading to H2O2 
production [59, 60].

The detoxification system, splitting the biogenic amines in the human body, 
consists of monoamine oxidase (MAO), diamine oxidase (DAO), polyamine oxidase 
(PAO), and histamine-N-methyl transferase (HNMT) [17, 61, 62].

3. Effect of biogenic amines on health

Biogenic amines have several important biological roles in the body and 
constitute the first step of protein, hormone, and nucleic acid synthesis [61, 63].  
The polyamines such as putrescine, spermine, and spermidine are the unique 
components of living cells. Besides, the polyamines were stated to require maintain-
ing the intestinal immunologic systems and healthy metabolic function activities 
[52, 64–67]. The biogenic amines cause respiratory disorders, headache, tachycardia, 
hypo- or hypertension, and allergic reactions when taken in high concentrations 
together with nutrients [68].

Biogenic amines are vasoactive components, and taking them in high amounts 
leads to change in blood pressure in humans and animals. The amines bear essen-
tial psychoactive or vasoactive effects, as they have the biological activities such as 
histamine, tryptamine, tyramine, and phenylethylamine [33]. Histamine is a bio-
logically active amine and quickly scatters to the tissues through blood circulation 
and leads to several reactions. However, in the case where aminoxidase enzyme 
inhibitors are present in the environment, the biogenic amine prevents detoxifica-
tion, and health problems (erythema, edema, rash, headache, burning, etc.) show 
up [17, 68]. Histamine also has essential metabolic functions such as a role in the 
nervous system functions and blood pressure control. It mainly takes effect by 
binding to the cardiovascular system (vasodilatation and hypotension) and cell 
membrane receptors in several secretory glands (such as gastric acid secretion) 
[22, 23]. In addition to them, it may lead to some neurotransmission disorders and 
causes headache, flushing, gastrointestinal disorders, and edema by giving rise 
to blood vessel dilatations [61, 69]. Histamine intoxicates when orally taken in 
amounts of 8 mg and above [3]. Individuals generally have lower intestinal oxidase 
enzyme activities according to the healthy persons, as they hold the gastrointesti-
nal problems such as gastritis, stomach and colonic ulcers [6, 69].

Intestinal mucosal injuries may decrease the enzyme functions by detoxifying 
the biogenic amines [17, 63]. The DAO activity disruption causes histamine intoler-
ance and also allergic reactions as a result of the drug utilization, as it is caused by 
genetic and gastrointestinal diseases or DAO inhibition [17, 70]. It was found to 
increase the histamine toxicity by preventing the histamine oxidation of putrescine, 
cadaverine, and agmatine in humans [71].
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ing the intestinal immunologic systems and healthy metabolic function activities 
[52, 64–67]. The biogenic amines cause respiratory disorders, headache, tachycardia, 
hypo- or hypertension, and allergic reactions when taken in high concentrations 
together with nutrients [68].
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tial psychoactive or vasoactive effects, as they have the biological activities such as 
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logically active amine and quickly scatters to the tissues through blood circulation 
and leads to several reactions. However, in the case where aminoxidase enzyme 
inhibitors are present in the environment, the biogenic amine prevents detoxifica-
tion, and health problems (erythema, edema, rash, headache, burning, etc.) show 
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increase the histamine toxicity by preventing the histamine oxidation of putrescine, 
cadaverine, and agmatine in humans [71].
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Biogenic amines lead to hypertension, as they have vasoconstriction effects such 
as tyramine, phenylethylamine, and tryptamine [37, 68, 72]. Consuming tyramine-
rich nutriments was found to react with the tyramine MAO inhibitor drugs and 
cause hypertensive crisis and also migraine in some patients [73]. Tyramine is 
revealed to inhibit MAO, tryptamine DAO, phenylethylamine DAO, and HNMT 
enzymes [74, 75].

In the case of deficiency of putrescine, found in the high concentration in brains, 
is stated to develop the depression and also useful in the depression physiopathol-
ogy [3, 76].

The pharmacological effects of putrescine, cadaverine, spermine, and spermi-
dine are at lower levels according to histamine, tyramine, and phenylethylamine 
[77]. Putrescine, causing hypotension, bradycardia, and lockjaw, creates carci-
nogenic heterocyclic compounds including nitrosamine, nitrosopyrrolidine, and 
nitrosopiperidine as some biogenic amines such as cadaverine, spermine, and 
spermidine react with the nitrite [5, 10, 39, 78].

Polyamines are known to lead to low-dose colon cancer by affecting the cell 
developments and differentiation [79, 80]. In addition to them, putrescine, cadaver-
ine, spermine, and spermidine were also found to induce apoptosis and inhibit cell 
proliferation. The high-dose putrescine was found to induce apoptosis and prevent 
the spread [81, 82]. This putrescine effect pertains to increasing the nitric oxide 
synthesis, inhibiting the redox reactions and binding directly to the carcinogenic 
agents [82].

Eating disorders such as anorexia nervosa and bulimia nervosa disrupt the 
function of brain serotonin [83]. Albumin deficiency shows up due to inadequate 
nutrition, and tryptophan transition from the blood-brain barrier increases, as it 
could not connect to the albumin. As a consequence, an increase occurs in the brain 
serotonin concentration [84, 85]. The drugs (MAO inhibitors) are used, as they 
change the serotonin levels in the depression, generalized anxiety disorder, and 
social phobia treatments [86]. The MAO inhibitors, used in treating these diseases, 
increase the brain concentrations by preventing the neurotransmitter (serotonin) 
disruptions [73, 86].

Agmatine shows a nephroprotective effect by increasing the glomerular filtra-
tion rate, and it also has a hypoglycemic impact as a result of several molecular 
mechanisms taking place in the blood glucose regulation [56, 87]. Besides, the 
agmatine level of schizophrenia patients was shown to be higher compared to that 
of healthy humans [88].

4. Conclusion

The present information related to biogenic amines having different physiological 
functions and similar chemical structures and metabolic pathways was updated, 
undesirable effects were considered more comprehensively for human and animal 
health, and information was submitted about the essential diseases caused by bio-
genic amines.
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