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INTRODUCTION 

 

Biogenic amines (BA) are an important group of organic nitrogenous bases 

(Santos, 1996). They are naturally synthesized in animals, plants and 

microorganisms. Biogenic amines in foods and feeds are formed mostly by 
bacterial decarboxylation of free amino acids (Shakila et al., 2001) and its 

presence is a typical indicator of spoilage (Anli and Bayram, 2008; Shalaby, 

1996).  

These amines are formed along the vinification process, mainly during alcoholic 

(Caruso et al., 2002) and malolactic fermentations (Arena and de Nadra, 2001; 

Landete et al., 2007).  

Yeasts responsible of alcoholic fermentation produce some biogenic amines like 

putrescine, cadaverine and phenylethylamine (Marcobal et al., 2006), but in 
much lower amounts compared to malolactic fermentation (MLF). This 

fermentative step is catalysed by lactic acid bacteria, in most cases by 

Oenococcus oeni species (Ancin-Azpilicueta et al., 2008).  
BA are produced in wines by diverse lactic acid bacteria (LAB), but only by 

strains carrying specific metabolic pathways that convert precursor amino acids 

into BA (Arena and Manca de Nadra 2001; Lonvaud-Funel 2001). For a long 
time BA formation in wine has been mainly associated with non-oenococcal 

strains, such as spoilage Pediococcus and Lactobacillus strains, whose presence 

is related with high pH wine conditions (Marcobal et al., 2004). MLF of wine 
generally starts spontaneously when the population of indigenous LAB reaches a 

sufficient level. When the conditions of wine are favourable to the development 

of BA-producing LAB, spontaneous MLF can lead to the accumulation of 

significant amounts of BA (Lonvaud-Funel 2001). 

During MLF, lactic acid bacteria converted L-malic acid to L-lactic acid mainly 

via malate decarboxylase (malolactic enzyme), this biotransformation produces a 
medium deacidify, enhance organoleptic properties and improve microbiological 

stability (Capozzi et al., 2010; Versari et al., 1999). For that reasons, MLF can 

be considered a critical vinification stage for red wines production. 
Unfortunately, it is during this fermentation when the highest amount of biogenic 

amines is produced (Ancin-Azpilicueta et al., 2008; Anli and Bayram, 2009). 

Marques et al. (2008) have reported concentration near to 30 mg/L. 
Although biogenic amines content in wines depends on several factors such as 

amino acids content in grapes and must (Sass-Kiss et al., 2000), maceration 

(Martin-Alvarez et al., 2006), vintage (Martin-Alvarez et al., 2006), SO2 

concentration (Vidal-Carou et al., 1990), acidity (Souza et al., 2005), grape 

variety (Marques et al., 2008), amino acids concentration (Herbert et al., 2005, 

2006), vinification conditions (pH, temperature, etc.) (Ancin-Azpilicueta et al., 

2008), lees content and bacterial decarboxylase capacity (Landete et al., 2005), it 

is generally accepted that the biogenic amines formation is highly dependent on 
the nature of lactic acid bacteria responsible of malolactic fermentation 

(aminogenic capacity) (Ancin-Azpilicueta et al., 2008; Martin-Alvarez et al., 

2006). Biogenic amines content also depends on the type of wine. It is well 

known that red wines present higher biogenic amines concentrations than white 

ones.  
The aim of this study was to determine eight biogenic amines in different wine 

samples collected before and after filtration. For microbial analysis we used plate 

dilution method on different agar mediums and for determination of biogenic 
amines in wine samples used ultra-high performance liquid chromatography 

(UHPLC). 

 

MATERIAL AND METHODS 

 

Wine samples 

 

A total 25 wine samples were collected from small winery nearby Nižné Valice 

village. We collected 10 red wines, 10 white wines before and after 
microfiltration and 5 special wines before filtration and bottling. Red wines 

before and after filtration includes varieties Blaufränkisch, Cabernet Sauvignon, 

Pinot Noir, Saint Laurent and Blauer Portugieser. White wines before and after 

filtration includes varieties Grüner Veltliner, Pinot Gris, Chardonnay, Müller 

Thurgau and Welschriesling. The 5 special wine varieties were Chardonnay, 

Pinot Blanc, Pálava, Cabernet Sauvignon and Rimava. These special wine 
samples were collected from stainless steel wine tanks (max. volume 1000 L) 

(special wines), next wines before microfiltration (BF) collected from giant 

storage tanks (wine tanks with max. volume 35 000 L). Samples from giant tank 
were collected by pouring into the PET bottles with faucet. Wines after 

microfiltration (AF) were collected from bottled wines. We used 40x40 cm 

stainless steel plate filter with 0.5 µm porosity filter cartridges. Wine samples 
collected from bottled wine poured into 200 mL sterile PET bottles, closed and 

immediately storage at 6-8°C to first analysis.  

 

Twenty-five samples of different Slovak wines before and after filtration were analysed in order to determine the content of eight 

biogenic amines (tryptamine, phenylalanine, putrescine, cadaverine, histamine, tyramine, spermidine and spermine). The method 

involves extraction of biogenic amines from wine samples with used dansyl chloride. Ultra-high performance liquid chromatography 

(UHPLC) was used for determination of biogenic amines equipped with a Rapid Resolution High Definition (RRHD), DAD detectors 

and Extend-C18 LC column (50 mm x 3.0 mm ID, 1.8 µm particle size). In this study the highest level of biogenic amine in all wine 

samples represent tryptamine (TRM) with the highest content 170.9±5.3 mg/L in Pinot Blanc wine. Phenylalanine (PHE) cadaverine 

(CAD), histamine (HIS) and spermidine (SPD) were not detected in all wines; mainly SPD was not detected in 16 wines, HIS not 

detected in 14 wines, PHE and CAD not detected in 2 wines. Tyramine (TYR), spermine (SPN) and putrescine (PUT) were detected in 

all wines, but PUT and SPN in very low concentration. The worst wine samples with high biogenic amine content were Saint Laurent 

(BF), Pinot Blanc (S) and Pinot Noir (AF). 
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Microbial analysis 

 

For microbiological analysis the wine samples were processed first. The total 

counts of bacteria (TBC), number of acetic acid bacteria (A), lactic acid bacteria 
(L) and yeast (Y) were assessed. Plate diluting method was applied for 

quantitative CFU (Colony Forming Units) counts determination of respective 

groups of microorganisms in 1 mL of wine. Petri dishes of gelatinous nutritive 
substrate were inoculated with 100 µL of wine samples on the surface of the solid 

agar in three replications. Homogenized samples of wine were prepared in 

advance by sequential diluting based on decimal dilution system application. For 
microorganism cultivation 4 different agar medium were used, to segregate 

individual microorganism groups. For identification of TCB we used Tryptic 
Glucose Yeast agar (TGYA) (Biolife, Italy) and incubated the samples at 30°C 

for 48-72h aerobically. Acetic acid bacteria cultivated on Acetobacter agar with 

glucose (AA) (HiMedia, India) and incubated at 28°C for 48h aerobically. Lactic 
acid bacteria cultivated on MRS (HiMedia, India), incubated at 37°C for 72h in 

microaerophilic condition. Finally yeast cultivated on Sabouraud agar with 

chloramphenicol (SCHA) (HiMedia, India) and incubated at 25°C for 5 days.  
 

Derivatization and Chromatography 

 
Production of 8 biogenic amines tryptamine (TRM), phenylalanine (PHE), 

putrescine (PUT), cadaverine (CAD), histamine (HIS), tyramine (TYR), 

spermidine (SPD) and spermine (SPN) were monitored by ultra-high 
performance liquid chromatography (UHPLC). At the beginning 650 µL of wine 

samples in five replications were diluted with perchloric acid (c = 1.2 mol/L) in 

proportion 1:1 and storaged in the freezer for next analysis. The wine samples 
were dansylated by dansyl chlorid according by Dadáková et al. (2009). One 

millitre of acidic extract was spiked with 100µl of internal standard solution (1.7-

heptanediamine, 400 mg/L) and mixed in a plastic test tube with 1.5 mL of 
carbonate buffer pH 11. After briefly vortexing, 2 mL of dansyl chloride solution 

were added (dansyl chloride in acetone 5 mg/mL). The test tube was then shaken 

at room temperature for 20 h in darkness. Subsequently 200µl of proline solution 
(100 mg/mL) were added and the sample was shaken for additional 1 h. Then 

follows an extraction with 3 mL of heptane. One milliliter of extract was dried at 
60°C under a stream of nitrogen. The dry residue was dissolved in 1.5 mL of 

acetonitrile. Samples were filtered through membrane glass fiber filters (0.22µm) 

prior to analysis (Dadáková et al., 2009) 
The UPLC separation was carried out on an Agilent Zorbax Extend-C18 LC 

column (50 mm x 3.0 mm ID, 1.8 µm particle size), equipped with a Rapid 

Resolution High Definition (RRHD) (Agilent technologies, USA). 
Chromatographic separation was carried out using a gradient elution of (A) 

acetonitrile (10% v/v in H2O), (B) acetonitrile (100% v/v in H2O). Linear 

concentration change was performed in all cases. The flow rate was kept at 0.45 
mL/min, column temperature at 30°C, injection 5µl, the detection wavelength at 

254 nm with DAD detectors.  

 

RESULTS AND DISCUSSION 

 
Biogenic amines content in food or drinks represent a health risk for sensitive 

individuals, especially when their effect is potentiated by other substances. Most 

toxic are histamine and tyramine (Chen et al., 2008). Biogenic amines content 
also depends on the type of wine. It is well known that red wines present higher 

biogenic amines concentrations than white ones. This may occur because red 

wine production includes: maceration step with grape skin, which not only 
increase the polyphenols cession but also others compounds like amino acids 

(Martin-Alvarez et al., 2006), higher fermentation temperature and application of 

MLF, which is not commonly applied for white wines production or it has a 
shorter duration (Ancin-Azpilicueta et al., 2008; Lonvaud-Funel, 2001). 

Several authors have reported the biogenic amines in wines produced with 

different grape varieties as well as various valleys and countries. A wide range is 
observed, starting from not-detected levels up to 130 mg/L (Ancin-Azpilicueta 

et al., 2008). The amount and type of amine formed is influenced by the food 

composition, microbial flora and by several parameters, which promote bacterial 
growth during storage such as temperature, ripening and packaging (Halász, et 

al., 1994; Křížek et al., 2004). Biogenic amines content in different wine 

samples before and after microfiltration were shows in Table 1. 

 

 

Table 1 Biogenic amine content in wine samples 

Wine sample Tryptamine Phenylalanine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine 

Blaufränkisch BF 86.5±16.6 2.5±2.0 12.1±2.3 1.7±1.2 0.4±0.07 3.8±1.4 ND 3.6±1.4 

Blaufränkisch AF 75.1±30.5 1.2±0.9 7.7±4.5 1.1±0.7 1.3±0.2 7.8±1.7 ND 3.6±1.3 

Cabernet Sauvignon BF 34.9±3.0 2.5±0.1 9.2±0.6 0.1±0.01 4.0±0.1 9.2±3.9 1.0±0.2 2.4±0.9 

Cabernet Sauvignon AF 31.9±5.5 1.6±1.3 11.1±0.8 0.1±0.04 5.3±0.5 12.9±2.6 1.4±0.6 1.1±0.4 

Pinot Noir BF 71.8±18.2 3.6±1.6 8.9±1.6 1.0±0.2 2.2±0.1 6.2±1.6 0.5±0.4 3.3±1.2 

Pinot Noir AF 85.9±5.3 5.6±2.4 12.8±0.9 0.8±0.6 4.0±0.3 6.8±1.7 0.7±0.1 1.8±0.2 

Saint Laurent BF 40.6±8.8 3.9±5.2 9.8±3.1 2.9±6.1 5.4±0.9 12.9±8.9 13.9±0.4 2.7±1.5 

Saint Laurent AF 89.4±64.2 2.3±1.6 8.9±3.1 1.3±0.9 ND 4.2±1.5 ND 3.1±2.1 

Blauer Portugieser BF 69.7±2.8 5.0±0.3 7.6±0.5 0.6±0.05 1.9±0.07 5.7±6.1 ND 2.2±0.3 

Blauer Portugieser AF 120.6±7.6 3.4±1.9 10.0±3.1 ND ND 3.6±0.7 ND 3.1±0.6 

Grüner Veltliner BF 43.9±1.5 0.3±0.4 4.3±0.4 0.3±0.1 ND 2.3±0.5 ND 1.5±0.2 

Grüner Veltliner AF 49.0±4.5 0.6±0.4 5.0±1.5 0.4±0.1 ND 7.4±5.6 ND 1.8±0.2 

Pinot Gris BF 41.3±6.4 1.6±0.6 4.5±1.0 0.3±0.08 ND 3.8±2.3 ND 1.7±0.3 

Pinot Gris AF 45.5±6.3 2.6±0.6 4.7±1.0 0.5±0.3 ND 9.1±5.8 ND 1.3±0.1 

Chardonnay BF 59.7±26.6 2.4±0.8 6.4±2.9 0.6±0.1 ND 7.3±4.0 ND 1.5±0.4 

Chardonnay AF 51.7±10.3 1.2±0.5 5.9±1.8 ND ND 5.1±2.4 ND 1.6±0.2 

Müller Thurgau BF 47.5±7.8 1.1±0.6 4.8±1.2 0.3±0.1 ND 3.1±0.9 ND 1.6±0.4 

Müller Thurgau AF 41.9±7.1 1.7±1.3 6.1±0.5 0.1±0.06 2.7±0.08 7.6±5.6 ND 1.2±0.4 

Welschriesling BF 92.2±32.4 4.5±3.4 3.1±1.8 0.4±0.02 ND 5.0±1.3 ND 1.3±0.4 

Welschriesling AF 91.9±5.1 2.1±0.9 9.2±0.6 0.5±0.06 2.2±0.2 4.9±1.2 ND 1.8±0.7 

Pinot Blanc S 170.9±5.3 ND 3.0±0.9 3.7±2.3 ND 4.1±0.8 ND 2.8±0.8 

Chardonnay S 44.6±2.9 ND 1.5±1.1 0.2±0.2 ND 6.6±11.6 ND 2.3±0.6 

Pálava S 38.0±2.3 0.1±0.09 1.5±0.3 0.1±0.03 ND 5.0±1.5 ND 1.8±0.3 

Cabernet Sauvignon S 40.7±3.2 0.6±1.0 4.8±0.4 0.8±1.0 0.1±0.05 2.3±0.9 0.3±0.1 1.6±0.1 

Rimava S 42.7±4.4 0.1±0.04 3.6±3.1 0.3±0.3 ND 2.3±1.5 1.0±0.4 2.3±0.1 

 BF- before filtration, AF - after filtration, S - special wine, ND - not detected, Unit - mg/L 

 

Highest level of biogenic amine in all wine samples represent tryptamine (TRM) 

with the highest content 170.9±5.3 mg/L in Pinot Blanc wine. Generally TRM 
content in wine samples varied from 31.9±5.5 mg/L to 170.9±5.3 mg/L. In Pinot 

Blanc wine not detected phenylalanine (PHE) and spermidine (SPD). PHE 

content detected in 23 wine samples in small amount varied from 0.1±0.04 mg/L 
to 5.6±2.4 mg/L in wine Pinot Noir (AF). Putrescine (PUT) detected in all wines 

and the highest level was in red wine Pinot Noir (AF) 12.8±0.9 mg/L. Cadaverine 

(CAD), histamine (HIS) and spermidine (SPD) were not detected in all wines, 
mainly SPD was not detected in 16 wine samples, but the highest content of this 

biogenic amine was detected in Saint Laurent (BF) red wine (13.9±0.4 mg/L). 

The most toxic biogenic amine histamine was not detected in 14 wines, but the 
highest detected level of this biogenic amine was recorded in Saint Laurent (BF) 

wine, only 5.4±0.9 mg/L. CAD and PHE were not detected in two wine samples, 

for CAD (Blauer Portugieser AF, and Chardonnay AF) and for PHE (Pinot Blanc 
S and Chardonnay S) wines. Tyramine (TYR) and spermine (SPN) were detected 

in all wine, but TYR in higher concentrations than SPN. The TYR content in 

wines varied from 2.3±0.5 mg/L to 12.9±2.6 mg/L, and the highest concentration 
was detected against in wine Saint Laurent (BF). SPN content in wines varied 
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from 1.1±0.4 mg/L to 3.6±1.4 mg/L. The same highest concentration was 
detected in wines Blaufränkisch after and before filtration (AF, BF).  

The order of analysed biogenic amines from the highest to the lowest quantities 

for all wines was determined as follows: tryptamine > cadaverine > tyramine > 
phenylalanine > spermidine > spermine > histamine > putrescine. The highest 

concentration of TRM was detected in red wines after filtration (AF), red wines 

before filtration (BF) and special wines (S). Average value of TRM from five red 
wines after filtration was 80.57 mg/L, red wines (BF) was 60.68 mg/L and 

special wines was 67.37 mg/L. Average value of CAD content was in the highest 

level once again in red wine samples (AF) 10.11 mg/L, 9.52 mg/L in red wines 
(BF). Tyramine content represents 7.55 mg/L in red wines (BF) and 7.07 mg/L in 

red wines (AF). A smaller concentration of biogenic amines was detected in 
white wines except TRM concentration in white wines AF, BF and in special 

wines. We detected putrescine, histamine, spermine and spermidine in very small 

concentration in white wines. The lowest detected biogenic amines in wine 
samples was PUT. Figure 1 shows results from average values of eight biogenic 

amines in five groups of wines. 

 
Figure 1 Average value of biogenic amines in different groups of wines in mg/L 

BA are present in fermented products (e.g. cheese 5-4500 mg/kg, wine 5-130 

mg/L, beer 2.8-13mg/L, sauerkraut 110-300 mg/kg) and in improperly kept food 
(such as fish 2400-5000 mg/kg, beef liver about 340 mg/kg, prepared meats 10-

700 mg/kg) (Křížek et al., 1998).  

 
Red wines contained higher amounts of biogenic amines than white wines in this 

study. I confirmed in my study, that white wines, which are generally more 

acidic, contains lower biogenic amine concentrations than red wines (Loukou et 

al., 2003; Lonvaud-Funel, 2001). Surprisingly, tryptamine was the most 

abundant biogenic amine in the analyzed samples. Literature data confirm, that: 

histamine, tyramine, putrescine, cadaverine, spermine, spermidine, 
isophenylamine, and β-phenylethylamine were detected in wines as a 

predominant biogenic amines (especially in red wines), while tryptamine was 

found only sporadically (Ancin-Azpilicueta et al., 2008; Konakovsky et al., 

2011; Peña-Gallego at al., 2012). Mean levels of histamine were at 3.63 mg/L 

for French wines, 2.19 mg/L for Italian wines, and 5.02 mg/L for Spanish wines 

(Marcobal et al., 2005).  
In this study the highest level of histamine was detected in Saint Laurent red wine 

(BF) 5.4±0.9 mg/L and 2.7±0.08 mg/L in Müller Thurgau white wine (AF). In 
the special wines group histamine content detected only in red wine Cabernet 

Sauvignon in content 0.1±0.05 mg/L. Histamine not detected in 14 wine samples. 

Also SPD was not detected in 16 wine samples, and the highest level of this 
biogenic amine was detected in wine Saint Laurent (BF) in amount 13.9±0.4 

mg/L. It should be noted, that TRM, CAD and TYR were detected in red wines, 

probably due to the malolactic fermentation, resulting in a high content of these 
amines, but TRM concentration was very high also in white wines. HIS, PUT and 

SPD were detected in very small content. Biogenic amines may induce 

toxicological risks and health troubles (Halász et al., 1999).  
The most frequent foodborne intoxications caused by histamine (Bardócz, 1995). 

An intake of 5-10 mg of histamine can be considered as defecting to some 

sensitive people, 10 mg is considered as tolerable limit, 100 mg induce a medium 
toxicity and 1000 mg is highly toxic (Lehane et al., 2000). In study Buňka et al. 

(2012), was recorded very high content of three biogenic amines (PUT, TYR and 

HIS) during 300-day winemaking process.  
It is known that biogenic amines in wine can be formed from their respective 

amino acid precursors by various microorganisms present in wine, at any stage of 

production, ageing or storage. Usually, the content of biogenic amines increases 

during winemaking and maturation (Piasta et al., 2014). 

 

CONCLUSION 

 

Biogenic amines are natural compounds of many foods and drinks. They are 

formed mainly by decarboxylation of amino acids. There are three possible 
origins for BA in wines. They can be present in wine must; can be formed by 

yeasts during alcoholic fermentation and by lactic acid bacteria during malolactic 

fermentation. They are produced by microbial, plant or animal metabolisms. 
Biogenic amines were detected in red wines at highest concentration. Tryptamine 

was a biogenic amine, which was detected in all wines at highest concentration 

(170.9±5.3); however the most toxic biogenic amine histamine was detected only 
in low concentration, which varied from0.1±0.05 to 5.4±0.9 mg/L. Biogenic 

amines formed in wines by yeast, but in higher concentration by lactic acid 

bacteria. Malolactic fermentation is very important in production of red wines 
and it follows that red wines contains more amount of biogenic amines that white 

wines. In this study were detected in wine samples the highest concentration of 

biogenic amine TRM, CAD and TYR. 
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