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 2 

Abstract 22 

 23 

Biogenic amines are low molecular weight organic bases frequently found in wine. 24 

Several toxicological problems resulting from the ingestion of wine containing biogenic 25 

amines have been described.  Histamine, tyramine, phenylethylamine and putrescine are 26 

mainly produced in wine by the decarboxylation of histidine, tyrosine, phenylalanine and 27 

ornithine or arginine respectively by lactic acid bacteria action. Since the ability of 28 

microorganisms to decarboxylate amino acid is highly variable, being in most cases strain-29 

specific, the detection of bacteria possessing amino acid decarboxylase activity is important 30 

to estimate the risk of biogenic amine content and to prevent biogenic amine accumulation 31 

in wine. Molecular methods for the early and rapid detection of these producer bacteria are 32 

becoming an alternative to traditional culture methods. PCR methods offer the advantages 33 

of speed, sensitivity, simplicity and specific detection of amino acid decarboxylase genes. 34 

Moreover, these molecular methods detect potential biogenic amine risk formation in wine 35 

before the amine is produced. Methods using quantitative PCR are efficient to enumerate 36 

biogenic amines-producing lactic acid bacteria in wine. The aim of the present review is to 37 

give a complete overview of the molecular methods proposed in the literature for the 38 

detection of biogenic amine-producing bacteria in wine. The methods can help to better 39 

control and to improve winemaking conditions in order to avoid biogenic amine 40 

production. 41 

 42 

Keywords: wine, histamine; tyramine; phenylethylamine, putrescine; PCR methods, Real 43 

Time Quantitative PCR. 44 
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INTRODUCTION 63 

 64 

Biogenic amines are organic bases endowed with biological activity that are 65 

frequently found in wine. They are produced mainly as a consequence of the 66 

decarboxylation of amino acids. Twenty-five different biogenic amines have been found in 67 

wines, being the putrescine the most abundant (Soufleros et al., 1998). 68 

High concentrations of biogenic amines can cause undesirable physiological effects 69 

in sensitive humans, especially when alcohol and acetaldehyde are present (Bauza et al., 70 

1995; Maynard and Schenker, 1996). More specifically, histamine is known to cause 71 

headaches, low blood pressure, heart palpitations, edema, vomiting, and diarrhea (Bauza et 72 

al., 1995; Lehtonen, 1996). Tyramine and phenylethylamine can produce hypertension 73 

through the release of noradrenaline and norephedrine, respectively, which are 74 

vasoconstrictor substances (Forsythe and Redmond, 1974). Putrescine and cadaverine, 75 

although not toxic themselves, aggravate the adverse effects of histamine, tyramine, and 76 

phenylethylamine, as they interfere with the enzymes that metabolize them (ten Brink et al., 77 

1990; Straub et al., 1995). Some amines, such as putrescine, may already be present in 78 

grapes (Broquedis et al., 1989), whereas others can be formed and accumulated during 79 

winemaking. The main factors affecting its formation during vinification are free amino 80 

acid concentrations and the presence of microorganisms able to decarboxylate these amino 81 

acids. Amino acid concentration in grapes can be affected by fertilization treatments 82 

(Broquedis et al., 1989) and in wines by winemaking treatments, such as time of 83 

maceration with skins, addition of nutrients, and racking protocols (Rivas-Gonzalo et al., 84 

1983; Zee et al., 1983; Vidal-Carou et al., 1990; Radler and Fäth, 1991 Lonvaud-Funel and 85 

Joyeux, 1994). The concentration of biogenic amines in wines depends on the presence and 86 
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the concentration of microorganisms with decarboxylase activity (Rivas-Gonzalo, et al., 87 

1983; Radler and Fäth, 1991; Vidal-Carou et al., 1990; Zee et al., 1993; Moreno-Arribas et 88 

al., 2000) in addition to the precursors. The concentration of microorganisms is affected by 89 

physicochemical factors of wine such as pH, temperature, or SO2 addition (Britz, et al., 90 

1990; Baucom, et al., 1996). 91 

Biogenic amine content in wines may be regulated in the future following the newly 92 

implemented regulations by the U.S. Food and Drug Administration (FDA) for scombroid 93 

fish (FDA). Upper limits for histamine in wine have been recommended in Germany (2 94 

mg/L), Belgium (5-6 mg/L), and France (8 mg/ L) (Lehtonen, 1996). Switzerland has 95 

established a limit of 10 mg/L as a tolerable value for histamine in wine (Les autorités 96 

fédérales de la Confédération Suisse, 2002). 97 

 98 

 99 

BIOGENIC AMINE PRODUCING MICROORGANISMS IN WINE 100 

 101 

 Many authors had implicated yeast and lactic acid bacteria as responsible for the 102 

formation of amines in wine (Zee et al., 1983; Ough et al., 1987; Vidal-Carou et al., 1990; 103 

Radler and Fäth, 1991; Baucom et al., 1996). However, data were complex and 104 

contradictory, which suggested that more defined studies were necessary to elucidate which 105 

kind of microorganism is the major contributor. Several researchers have demonstrated that 106 

the amine content increases with microbial growth, specifically with that of bacteria, with 107 

biogenic amine content suggested as an index of quality or of poor manufacturing practices 108 

(Zee et al., 1983; Ough et al., 1987; Radler and Fäth, 1991; Baucom et al., 1996). 109 
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The biogenic amine production by 155 strains of lactic acid bacteria, 40 strains of acetic 110 

bacteria and 36 strains of yeast isolated from wine were analysed by Landete et al., 111 

(2007a). They did not observe biogenic amine production by acetic bacteria and yeast; 112 

however, Landete et al. (2007a) found production of histamine, tyramine, phenylethylamine 113 

and putrescine by lactic acid bacteria. Moreover, a correlation of 100% was observed 114 

between biogenic amine production in synthetic medium and wine and between activity and 115 

presence of gene. With the results expose by these authors and others (Lonvaud-Funel and 116 

Joyeux, 1994; Le Jeune et al., 1995; Gerrini et al., 2002; Moreno-Arribas et al., 2003; 117 

Landete et al., 2005), we can consider than the lactic acid bacteria are the microorganisms 118 

responsible of histamine, tyramine, phenylethylamine and putrescine production in wine. 119 

The authors previously cited have showed as several wine bacterial species are capable of 120 

decarboxylating one or more amino acids, the bacterial ability to decarboxylate amino acids 121 

is highly variable and this ability seems to be strain-dependent rather than being related to 122 

species specificity. On the other hand, we can not consider that lactic acid bacteria, yeast or 123 

acetic bacteria are responsible for tryptamine and cadaverine in wine (Landete et al., 124 

2007a). Therefore, in this work, we show molecular methods to detect producing lactic acid 125 

bacteria of histamine, tyramine, phenylethylamine and/or putrescine.  126 

 127 

 128 

Histamine-producing lactic acid bacteria in wine 129 

 130 

Histamine is the most important amine in food-borne intoxications, due to its strong 131 

biological activity (Cabanis, 1985). The study of histamine in wine is of particular interest 132 

as the presence of alcohol and other amines reportedly promotes its effects by inhibiting 133 
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human detoxification systems (Chu and Bjeldanes, 1981; Sessa et al., 1984). A high 134 

concentration of histamine in wine is caused by the presence of histidine decarboxylase in 135 

some lactic acid bacteria (Le Jeune et al., 1995; Lonvaud-Funel, 2001). There is great 136 

interest in identifying and characterizing the bacteria that are able to produce histamine in 137 

wine, in order to prevent its synthesis. In wines, high levels of histamine have been related 138 

to spoilage by Pediococcus (Delfini, 1989). Pediococcus can be present in wine but usually 139 

in a low proportion. It has been reported that some Oenococcus oeni strains are responsible 140 

for histamine accumulation in wine (Castino, 1975; Le Jeune et al., 1995; Guerrini et al., 141 

2002). The bacterial population in wine is a complex mixture of different species of lactic 142 

acid bacteria (Lactobacillus, Leuconostoc, Pediococcus and Oenococcus), with O. oeni as 143 

the predominant species in wine during and after malolactic fermentation.  144 

Landete et al. (2005b) showed an increase in histamine during the malolactic fermentation; 145 

As the histamine concentrations found in must are very low or non- existent (Landete et al., 146 

2005b). So, it is normal that the concentrations of histamine must be attributed to strains of 147 

lactic acid bacteria. Landete et al. (2005a) show that O. oeni, Lb. hilgardii, Lb. mali, L. 148 

mesenteroides and P. parvulus can contribute to the histamine synthesis in wine, but the 149 

main species responsible of high histamine production in wines seem to be Lb. hilgardii 150 

and P. parvulus. Landete et al. (2005a) demonstrate in this work that histamine-producing 151 

strains of O. oeni are very frequent in wine, in contrast with the paper of Moreno-Arribas et 152 

al., (2003), where no Oenococcus histamine producer strains were detected. However, the 153 

work of Landete et al. (2005a) agrees with Guerrini et al. (2002) who found a high number 154 

of Oenococcus histamine producers in wine, but low levels of histamine production in 155 

general. Histamine-producing strains of Lactobacillus, Pediococcus and Leuconostoc are 156 

also detected, but with lower frequencies. The results showed by Landete et al. (2005a) do 157 
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not disagree with the most common idea that Pediococcus spp. (Delfini, 1989) is the main 158 

organism responsible for histamine production, because although the percentage of 159 

Pediococcus histamine producers is low, some strains can produce the highest 160 

concentration of histamine. In addition, Lb. hilgardii is also capable of producing high 161 

levels of histamine. 162 

More recently, a histamine producing strain (Lactobacillus hilgardii IOEB 0006) proved to 163 

retain or to lose the ability to produce histamine, depending on the culture conditions 164 

(Lucas et al., 2005; 2008). Indeed, it was demonstrated that the hdcA gene in this strain was 165 

located on an unstable 80-kb plasmid, suggesting an acceptable cause for the great 166 

variability of histamine producing character among lactic acid bacteria. 167 

 168 

 169 

Tyramine and phenylethylamine-producing lactic acid bacteria in wine 170 

 171 

Tyrosine decarboxylase (TDC, EC 4.1.1.25) converts the amino acid tyrosine to the 172 

biogenic amine tyramine. Bacterial tyrosine decarboxylase have been only thoroughly 173 

studied and characterized in Gram-positive bacteria and, especially, in lactic acid bacteria 174 

implicated in food fermentation as cheese or wine. 175 

The study of phenylethylamine production has received less attention,  it have been 176 

demonstrated that enterococcal tyrosine decarboxylase is also able to decarboxylate 177 

phenylalanine, an amino acid structurally related to tyrosine, originating the biogenic amine 178 

phenylethylamine (Marcobal et al., 2006a). Some authors such as Moreno-Arribas et al. 179 

(2000) and Landete et al. (2007) have demonstrated the simultaneous production of 180 

tyramine and phenylethylamine in lactic acid bacteria isolated from wine.  181 
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Tyramine production is not a general trait among lactic acid bacteria. Several Lactobacillus 182 

brevis tyramine-producing strains were isolated from wines (Moreno-Arribas et al., 2000) 183 

and only 20 strains from 125 are showed to be tyramine producers (Landete et al., 2007). 184 

This ability seems to be a general characteristic of L. brevis wine strains, however, for L. 185 

hilgardii, this character is strain-dependent (Landete et al., 2007). 186 

There are few reports concerning the ability of L. plantarum to produce tyramine in 187 

fermented food. Arena et al. (2007) report the identification and characterization of a 188 

tyramine-producing L. plantarum strain isolated from wine. These authors suggest that 189 

some L. plantarum strains are able to decarboxylase tyrosine in wine. 190 

 191 

 192 

Putrescine producing lactic acid bacteria in wine 193 

 194 

Putrescine can be synthesized either directly from ornithine by ornithine 195 

decarboxylase or indirectly from arginine via arginine decarboxylase.  The arginine 196 

decarboxylase converts arginine in agmatine, thus agmatine deiminase and N-197 

carbamoylputrescine amidohydrolase or putrescine carbamoyltransferase, biosynthetically 198 

convert agmatine to putrescine in the ADI pathway. 199 

O. oeni strains exhibited the capability to produce putrescine by decarboxylation of 200 

ornithine (Guerrini et al., 2002). However, high concentrations of putrescine, as observed in 201 

some wines after malolactic fermentation (Soufleros et al., 1998), cannot result only from 202 

decarboxylation of free ornithine since its levels are usually low in wine. Indeed, ornithine 203 

may also be produced by microorganisms from the degradation of arginine, as above 204 

mentioned, the arginine is one of the major amino acids found in grape juice and wine.  205 
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Putrescine is the most abundant biogenic amine found in wine (Soufleros et al., 1998) and 206 

agmatine is the most prevalent one in beer (Glória and Izquierdo Pulido, 1999). Arena and 207 

Manca de Nadra (2001) reported that agmatine was formed as an intermediate in the 208 

formation of putrescine from arginine in Lactobacillus hilgardii X1B, isolated from wine. 209 

Putrescine is formed from agmatine through a pathway that does not involve amino acid 210 

decarboxylase or formation of urea (Arena et al., 2001). 211 

While performing malolactic fermentation, Guerrini et al. (2002) demonstrated as 212 

Oenococcus oeni strains were very effective in forming putrescine from ornithine. The 213 

formation of putrescine from arginine by some strains has been also demonstrated by these 214 

authors. According to these authors, O. oeni can really and significantly contribute to the 215 

overall biogenic amine content of wines. Marcobal et al. (2004) identified a putrescine-216 

producer O. oeni strains and sequenced its ornithine decarboxylase gene. Marcobal et al. 217 

(2004) have also shown that the presence of an odc gene is a rare event in Spanish wine O. 218 

oeni strains. Landete et al. (2008) did not find any microorganisms able to produce 219 

putrescine; however, strains of Lb. hilgardii and the O. oeni coming on from others 220 

laboratories were able to produce putrescine. Recently, Izquierdo-Cañas et al. (2009) found 221 

only two strains able to produce putrescine, both on synthetic medium and wine. The 222 

presence of the corresponding genes in these strains was also confirmed. According to these 223 

authors, these results suggest that O. oeni does not significantly contribute to the overall 224 

putrescine content of wines.  225 

Broquedis et al. (1989) and Landete et al. (2005b) showed as the putrescine may be present 226 

in grapes. Thus, we suggest that both, microorganisms and grapes, can be the responsible of 227 

the presence of putrescine in wine. 228 

 229 
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DETECTION OF BIOGENIC AMINE PRODUCING BACTERIA IN WINE 230 

 231 

During the last two decades, methods for the detection of biogenic amine-producing lactic 232 

acid bacteria isolated from wine have been developed. Several detection methods are based 233 

on differential growth media signalling the increase of the pH upon biogenic amine 234 

formation. Landete et al. (2005a) show an improved plate assay (H-MDAmod) and was 235 

compared with an enzymatic method, HPLC, and PCR of hdc. The conclusions drawn 236 

regarding the plate assay were: H-MDBmod is an appropriate medium to detect histamine 237 

production, because the histidine decarboxylase gene is always expressed in this medium. 238 

However, as in any plate assay the H-MDAmod medium is only suitable to detect strains of 239 

lactic acid bacteria producing histamine levels that are dangerously high for health, because 240 

its sensitivity is low, about 100 mg/L. The plate assay is simple, low cost and useful for 241 

determining lactic acid bacteria producing dangerous levels of histamine. It is possible to 242 

analyse the ability of many lactic acid bacteria to produce high amounts of histamine in a 243 

period of 2 days. Landete et al. (2005) suggest using H-MDAmod supplemented with 244 

natamycin and incubated under anaerobic conditions as an easy, routine system to detect 245 

the more dangerous lactic acid bacteria histamine producers in wines. Natamycin is an 246 

antibiotic that produces the death of yeast present in wine and anaerobic conditions do not 247 

allow acetic acid bacteria to grow. The lactic acid bacteria able to produce high levels of 248 

histamine are identified by a purple halo. 249 

On the other hand, tyrosine decarboxylase activity was assayed in Tyramine Production 250 

Medium (TPM) (Landete et al. 2007b). Strains were streaked on TPM plates, and were 251 

considered tyramine positive if a clear zone below the grown cells developed because of 252 



 12 

solubilisation of tyrosine. A correlation of 100% was observed between the results obtained 253 

on TPM plates, in TPM broth, and the presence of a .positive tdc gene band.  254 

Enzymatic methods, specific for histamine-producing bacteria, are based in the production 255 

of hydrogen peroxide by the action of an oxidase enzyme on the histamine. The enzymatic 256 

method improved by Landete et al. (2004) allow the detection of histamine concentrations 257 

below 0.5 mg/L  and can be employed in synthetic media and grape must and wines (white, 258 

rose or red). 259 

Among the different chromatographic techniques recommended for identification and 260 

quantification of biogenic amine, thin layer chromatography (García-Moruno et al., 2005) 261 

and high performance liquid chromatography (Landete et al., 2004) have been the most 262 

useful. However, the detection of biogenic amine producing bacteria by conventional 263 

culture techniques is often tedious and unreliable, exhibiting disadvantages such as lack of 264 

speed, appearance of false positive/negative results, low sensibility, requirements for costly 265 

and sophisticated equipment, as HPLC, or that only one biogenic amine is detected. 266 

Early detection of biogenic amine-producing bacteria is important in the wine industry 267 

because it could be a cause of wine poisoning. Therefore, the use of methods for the early 268 

and rapid detection of these bacteria is important for preventing biogenic amine 269 

accumulation in wine. Molecular methods for detection and identification of food-borne 270 

bacteria are becoming an alternative to traditional culture methods. PCR and DNA 271 

hybridization have become important methods and offer the advantages of speed, sensitive, 272 

simplicity and specific detection of targeted genes. Genetic procedures accelerate getting 273 

results and allow the introduction of early control measures to avoid the development of 274 

these bacteria. Several studies describing loss of ability to produce biogenic amine in lactic 275 

acid bacteria after prolonged storage or cultivation of isolated strains in synthetic media 276 
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have been reported (Lonvaud-Funel and Joyeux, 1994; Lucas et al., 2005; Lucas et al.,, 277 

2008). Molecular methods are fast, reliable and culture-independient, they are an interesting 278 

alternative to solve the short comings of traditional methods. Moreover, molecular methods 279 

detect potential biogenic amine risk formation in food before the amine is produced. 280 

Although, an intrinsic disadvantage of PCR is the detection of non-viable cells. The ability 281 

to distinguish between viable and non-viable organisms is crucial when PCR is used for 282 

risk assessment of biogenic amine accumulation such as in food processing plant. Since 283 

during the last decade several molecular methods have been described for the unambiguous 284 

detection of bacteria capable to produce one or several biogenic amine, this article aims to 285 

provide complete information about the PCR methods proposed in the literature for the 286 

detection of biogenic amine producing bacteria. 287 

 288 

 289 

Detection of histamine-producing bacteria by PCR 290 

 291 

Histamine in wine is produced by gram-positive lactic acid bacteria during the 292 

fermentation, rapid detection of histamine-producing bacteria is important for detecting and 293 

preventing microbial contamination and high levels of histamine. Since histamine is the 294 

decarboxylation product of histidine catalysed specifically by the enzyme histidine 295 

decarboxylase (HDC; EC 4.1.1.22), it is possible to develop a molecular detection method 296 

that detects the presence of the gene encoding this enzyme. Although bacterial HDC have 297 

been thoroughly studied and characterized in different organisms and two enzyme families 298 

have been distinguished, we talk about of Pyruvoyl-dependent HDC present in gram-299 
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positive bacteria and especially lactic acid bacteria implicated in wine fermentation, such as 300 

Oenococcus oeni and Lactobacillus hilgardii among others. 301 

To detect histamine-producing lactic acid bacteria, Le Jeune et al. (1995) designed several 302 

oligonucleotide primers (CL1, CL2, JV16HC, and JV17HC) (Table 1) based in the 303 

comparison of the nucleotide sequences of the histidine-decarboxylase genes (hdc) of 304 

Lactobacillus strain 30a and C. perfringens, and the amino acid sequences of these HDC 305 

and those of L. buchneri and Micrococcus. Alignment studies showed a high degree of 306 

relatedness among the hdc gene products of gram positive bacteria. Primer sets 307 

JV16HC/JV17HC, CL1/CL2, and CL1/JV17HC amplify by PCR internal fragments of 370, 308 

150 or 500 pb, approximately, of the hdc gene, respectively. JV16HC/JV17HC primer set 309 

was shown to be suitable for the detection of all histamine-producing lactic acid bacteria 310 

analysed. The authors demonstrated that all strains identified as histamine producers gave a 311 

positive PCR result. Moreover, strains which did not exhibit HDC activity failed to give a 312 

signal in the PCR assay.   313 

Since, the previously described PCR and colony hybridization methods (Le Jeune et al., 314 

1995) used purified DNA of isolated strains, seemed to be convenient for rapidly detecting 315 

histamine-producing bacteria, Coton et al. (1998b) in order to improve the rapidity of these 316 

tests to determine the frequency and distribution of histamine-producing bacteria in wines, 317 

applied them directly on wine samples. Coton et al. (1998b) used CL1 and JV17, a slightly 318 

modificated version of JV17HC primer (Table 1). They used CL1/JV17 primers to analyse 319 

the presence of histamine-producing bacteria directly on wine samples. Landete et al. 320 

(2005a) studied the ability of 136 wine lactic acid bacteria to produce histamine. They 321 

found that some lactic acid bacteria positive for histamine production were not amplified 322 

with JV16HC/JV17HC primers under the conditions originally described by Le Jeune et al. 323 
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(1995). By using the modified programme, histamine-producing lactobacilli, pediococci, 324 

and leuconostocs strains showed positive amplification by the JV16HC/JV17HC primers 325 

(Figure 1). Nevertheless, only 56% of the O. oeni histamine-producing strains showed 326 

amplification for hdc. Therefore, they modified the original CL1 primer sequence (Le Jeune 327 

et al., 1995) and designed the CL1mod primer (Table 1). By using CL1mod/JV17HC 328 

primer set, all histamine producing O. oeni strains were positive in the PCR test. 329 

Constantini et al. (2006) used CL1/JV17HC primer set to study the potential to produce 330 

histamine in 133 lactic acid bacteria strains isolated from wines of different origins. Only 331 

one L. hilgardii strain was positive. Histamine production by L. hilgardii was confirmed 332 

trough TLC and HPLC analysis of the broth medium enriched with histidine. Since none 333 

the O. oeni strains analysed gave a positive PCR response, Constantini et al. (2006) 334 

designed a new primer set, PHDC1/PHDC2 (Table 1) based specifically on the O. oeni hdc 335 

sequence. The new PCR results confirmed the preceding data; none of the O. oeni strains 336 

analysed was able to produce histamine. Constantini et al. (2009) used the primer set 337 

PHDC1/PHDC2 with similar results for Oenococcus oeni commercial starter. These results 338 

were expected since for the starter manufacturers the absence of amino acid decarboxylase 339 

activity is now included in the selection criteria for the industrial preparation of starters. 340 

However, commercial yeast starter preparations contained lactic acid bacteria contaminants 341 

carrying hdc gene. These lactic acid bacteria were identified as Lactobacillus parabuchneri 342 

and Lactobacillus rossiae. Recently, the primer set JV16HC and JV17HC were used by 343 

Ruiz et al. (2009) to identify the presence of hdc gene in 8 Oenococcus oeni strains isolated 344 

from tempranillo wine samples in order to select those showing the highest potential as 345 

oenological starter cultures, none Oenococcus oeni strains were identified carrying the hdc 346 

gene. The primer sets JV16HC and JV17HC were also used by Izquierdo-Cañas et al. 347 
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(2009), they analysed the histamine production in 90 strains of Oenococcus oeni. Only two 348 

strains were able to produce histamine and the presence of hdc gene was also confirmed. 349 

The differences showed between the authors to detect the hdc gene can be attributed to the 350 

unstable plasmid where is located the hdc gene (Lucas et al., 2005, 2008). 351 

 352 

 353 

Detection of phenylethylamine and tyramine-producing bacteria by PCR 354 

 355 

Only gram-positive bacteria have been described to produce tyramine and 356 

phenylethylamine.  Lactic acid bacteria involved in wine processing can decarboxylate 357 

tyrosine to produce tyramine. These bacteria belong basically to genera Lactobacillus. 358 

Concerning tyrosine decarboxylases (TDC; EC 4.1.1.25), only enzymes using pyridoxal 359 

phosphate as a cofactor have been described.  360 

It have been demonstrated that enterococcal TDC is also able to decarboxylate 361 

phenylalanine, an amino acid structurally related to tyrosine, originating the biogenic amine 362 

phenylethylamine (Marcobal et al., 2006). Therefore, the oligonucleotide primers described 363 

for the detection of the tdc gene, are useful for the detection of phenylethylamine-producing 364 

bacteria. Landete et al. (2007b) demonstrates that phenylethylamine production is always 365 

associated with tyramine production in lactic acid bacteria.  366 

Purification and microsequencing of the TDC of Lactobacillus brevis IOEB 9809 allowed 367 

Lucas and Lonvaud-Funel (2002) to design a degenerate primer set (P2- for/P1-rev) (Table 368 

2) that was used to detect tdc gene fragments in three other L. brevis strains out of six 369 

screened. Marcobal et al., (2005) checked the P2-for/P1-rev primer set and a new designed 370 

primer set (41/42) (Table 2) in order to choose one of them to be used in a multiplex PCR 371 
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assay. Since 41/42 set produced an unspecific fragment, the P2-for/P1-rev set was used in 372 

the multiplex PCR assay. The assay was useful by Marcobal et al. (2005) for the detection 373 

of tyramine-producing bacteria in control collection strains and in a wine lactic acid 374 

bacteria collection. 375 

Constantini et al. (2006) also used the P2-for/P1-rev primer set to amplify the tdc gene of 376 

133 strains isolated from wine and must. They also designed a new primer set, Pt3/Pt4 377 

(Table 2), based on the tdc L. brevis and E. faecalis nucleotide sequences. The results 378 

obtained with both set of primers were the same. Only four positive strains were found, all 379 

belonging to the L. brevis species. The tyramine produced by these strains was quantified 380 

by HPLC, thus confirming the results observed by PCR. Similar results were observed with 381 

this primer set Pt3/Pt4 by Constantini et al. (2009), only Lb. brevis strains were found 382 

carrying the tdc gene. P1-rev primer was used in combination with p0303 primer (Lucas et 383 

al., 2003) (Table 2, Figure 2) to analyse by PCR the presence of the tdc gene in 150 lactic 384 

acid bacteria strains isolated from wine (Landete et al., 2007b). All the 32 strains that gave 385 

a positive PCR amplification were tyramine producers. 386 

The non-detection of tyramine producing lactic acid bacteria in wine containing tyramine 387 

may be due to the moment of sampling. Lb. brevis, main responsible of tyramine 388 

concentration in wine, is present in wine during the end of alcoholic fermentation and early 389 

phases of malolactic fermentation. 390 

 391 

  392 

Detection of putrescine-producing bacteria by PCR 393 

 394 
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Ornithine decarboxylase (ODC, EC 4.1.1.17) is a PLP dependent enzyme which catalyses 395 

the conversion of ornithine to putrescine at the beginning of the polyamine pathway.  396 

Marcobal et al. (2004b) reported the identification of an ornithine decarboxylase gene (odc) 397 

in the putrescine-producing O. oeni RM83 strain by using 3/16 primer set (Table 3). These 398 

primers were designed based on two conserved domains showed by alignment of amino 399 

acid sequences of ODC proteins. The 3 and 16 primers were checked by Marcobal et al. 400 

(2005) to be used in a multiplex assay. In addition, they designed two new primers, 4 and 401 

15 (Table 3), these four primers could be combined resulting in four primer sets, 3/4, 15/16, 402 

3/16, and 4/ 15. The method was useful for the detection of putrescine-producing bacteria 403 

in control collection strains and in a wine lactic acid bacteria collection. 404 

In a study of the ability of 133 strains of lactic acid bacteria isolated from wines to produce 405 

biogenic amine, for the detection of putrescine-producing lactic acid bacteria strains, 406 

Constantini et al. (2006) designed two new primers, AODC1 and AODC2 (Table 3), which 407 

were chosen by aligning nucleotide sequences of odc from Lactobacillus strain 30a and O. 408 

oeni. PCR assays were performed with various combinations of the four primers 3, 16, 409 

AODC1 and AODC2. Constantini et al. (2009) used the primer 16 and the primer AODC1 410 

with similar results, none lactic acid bacteria were found carrying the odc gene. Recently, 411 

the primer set 3/16 were used by Ruiz et al. (2009) to identified the presence of odc gene in 412 

eight selected Oenococcus oeni strains, none Oenococcus oeni strains were identified 413 

carrying the odc gene. Izquierdo-Cañas et al. (2009) analysed the putrescine production in 414 

90 strains of Oenococcus oeni. Only two strains were able to produce putrescine and the 415 

presence of odc gene was also confirmed with the primers set 3/16. 416 

As above mentioned, the main biogenic amine associated with contamination, putrescine, 417 

can also be formed through another pathway that involves the deamination of agmatine. 418 
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Landete et al. (2010) demonstrated that a PCR specific method is a useful method to 419 

evidence the presence of bacteria able to form putrescine from agmatine.  They show the 420 

first method to detect the genes aguA (agmatine deiminase) and ptcA (putrescine 421 

carbamoyltransferase) responsible of putrescine production from agmatine. The two gene 422 

implicated in the formation of putrescine from agmatine were detected in a Lactobacillus 423 

hilgardii isolated from wine using the two pairs of primers AguAF/AguAR (to detect aguA) 424 

and AguBF/AguBR (to detect ptcA) (Landete et al., 2010). 425 

 426 

 427 

Simultaneous detection of biogenic amine-producing bacteria by PCR 428 

 429 

The multiplex PCR assay provides a technique that can be successfully used for the routine 430 

detection of strains that are potential producers of histamine, tyramine, phenylethylamine 431 

and putrescine in wine. All (two or three) target amines can be detected at one time in a 432 

multiplex PCR assay. Therefore, the multiplex PCR assays reduce reagent quantities and 433 

labor costs. Some multiplex PCR assays based on primers targeting amino acid 434 

decarboxylase gene sequences have been developed (Coton and Coton, 2005; Marcobal et 435 

al., 2005, De las Rivas et al., 2005; De las Rivas et al., 2006). A multiplex PCR assay for 436 

the detection of histamine and tyramine and putrescine producing lactic acid bacteria from 437 

wine was developed by Marcobal et al. (2005). They selected three pairs of primers, the 438 

primer sets were JV16HC/ JV17HC (Table 1), P1-rev/P2-for (Table 2), and 3/16 (Table 3) 439 

for the detection of the hdc, tdc and odc genes, respectively. 440 

Under the optimized conditions, the assay yielded DNA fragments of 367, 924, and 1446-441 

bp DNA of hdc, tdc, and odc genes, respectively. For multiplex PCR, conditions were as 442 
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described for the uniplex reaction except that the relative concentration of the primers was 443 

optimized by checking increasing or decreasing primer concentration. When the DNA of 444 

several target organisms was included in the same reaction, two or three corresponding 445 

amplicons of different sizes were observed. This assay was useful for the detection of 446 

biogenic amine-producing bacteria in control collection strains and in a wine lactic acid 447 

bacteria collection (Marcobal et al., 2005). No amplification was observed with DNA from 448 

non-biogenic amine-producing lactic acid bacteria strains. 449 

 450 

 451 

DETECTION OF LACTIC ACID BACTERIA PRODUCING BIOGENIC AMINES 452 

IN WINE BY REAL TIME QUANTITATIVE PCR 453 

 454 

Real-time quantitative PCR (QPCR) is an efficient technique used to detect and 455 

count microorganisms in foods (Rudi et al., 2002). During the past few years, diverse 456 

methods based on QPCR were proposed to determine populations of yeasts and bacteria in 457 

wine (Phister and Mills, 2003; Delaherche et al., 2004; Pinzani et al., 2004; Martorell et al., 458 

2005; Neeley et al., 2005). QPCR has also been used to detect and count biogenic amine 459 

producing lactic acid bacteria in food (Fernandez et al., 2006; Ladero et al., 2008; Torriani 460 

et al., 2008). The advantages of QPCR against other methods are: determine the population 461 

of bacteria producing biogenic amines, less time-consuming than regular PCR, continuous 462 

monitoring of the PCR amplification process could be used at any point in the 463 

manufacturing process and a high number of samples might be processed simultaneously. 464 

Here, we show a review about QPCR methods to detect and count biogenic amine 465 

producing lactic acid bacteria in wine. 466 
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 467 

 468 

Detection of lactic acid bacteria carrying hdc gene by QPCR 469 

 470 

A method based on QPCR was developed by Lucas et al. (2008) to detect and count 471 

histamine producing lactic acid bacteria in wine. Primers hdcAf and hdcAr (Table 4) were 472 

designed by Lucas et al., (2008) on the basis of the sequences of hdcA genes from O. oeni 473 

IEOB 9204, Lactobacillus hilgardii IOEB 0006, Lactobacillus sakei LTH 2076, 474 

Lactobacillus strain 30A, Lactobacillus buchneri DSM 5987, and Tetragenococcus 475 

muriaticus LMG 18498 that were available from databases. This primer set amplifies an 476 

84-bp internal region of hdcA (Table 4). Optimal QPCR conditions allowed amplification 477 

of a PCR product with a melting temperature of 80.5°C ± 0.5°C (Table 4).  This method 478 

makes it possible to detect as few as 1 histamine producing cell per ml of wine, even in the 479 

presence of polyphenols or of a large excess of yeasts in wine. Although the method was 480 

based on a standard curve made with L. hilgardii DNA, it is assumed that it was efficient to 481 

enumerate histamine producing O. oeni cells. Previous QPCR methods used to enumerate 482 

lactic acid bacteria in wine were significantly less sensitive (Delaherche et al., 2004; Neely 483 

et al., 2005). The threshold values obtained with standard samples correlated well with 484 

populations of histamine producing lactic acid bacteria in the range of 1 to 10
7
 CFU/mL. 485 

Given that the maximum population of lactic acid bacteria expected in wine is 10
6
 to 10

7
 486 

cells/mL during malolactic fermentation. This method could be employed to count 487 

histamine producing lactic acid bacteria at any stage of winemaking. 488 

Lucas et al., (2008) show a analyse of 264 wines collected in numerous wineries of the 489 

Bordeaux area during malolactic fermentation revealed that almost all wines were 490 
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contaminated by histamine producing lactic acid bacteria, exceeding 10
3
 CFU per ml in 491 

70% of the samples.  The QPCR assay proposed by Lucas et al. (2008) does not 492 

discriminate between live and dead cells nor between functional genes and pseudogenes. 493 

The results suggest that the limiting factor for histamine production in most wines is not the 494 

population of histamine producing lactic acid bacteria. Therefore, the determination of 495 

lactic acid bacteria carrying the hdc gene would not allow the prediction of the final 496 

concentration of histamine in wine. However, it could help to predict the risk of histamine 497 

spoilage. The results showed by Lucas et al. (2008) suggest that the risk of histamine 498 

production exists in almost all wines and is important when the population of histamine-499 

producing bacteria exceeds 10
3
 per ml. 500 

 501 

 502 

Detection of lactic acid bacteria carrying tdc gene by QPCR. 503 

 504 

Nannelli et al. (2008) develop a QPCR method allowing enumeration of lactic acid bacteria 505 

producing tyramine in wines. Primers used for QPCR were designed in conserved regions 506 

of tdc genes identified after aligning nucleotide sequences available in databanks. Primers 507 

tdcf and tdcr (Table 4) were based on the alignment of sequences from Lactobacillus brevis 508 

(AAN77279), Lactobacillus curvatus (BAE02560, BAE02559), Tetragenococcus 509 

halophilus (BAD93616), Carnobacterium divergens (AAQ73505), Enterococcus faecium 510 

(CAH04395 and EAN10106), Enterococcus faecalis (AAM46082 and AAO80459) and 511 

Lactococcus lactis (CAF33980). This primer set amplifies a 103-bp internal region of tdc 512 

(Table 4). Optimal QPCR conditions allowed amplification of a PCR product with a 513 

melting temperature of 82.0°C ± 0.5°C (Table 4). 514 
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The presence of tyramine lactic acid bacteria was investigated in 102 samples collected 515 

from 2006 vintage after must obtainment or at the end of alcoholic fermentation (AF) and 516 

malolactic fermentation (MLF). Bacterial populations were rather low in must (<10
2
 517 

cells/mL), while they generally increased during AF and reached their maximum levels at 518 

the end of MLF. The populations of lactic acid bacteria carrying the tdc gene remained 519 

quite low (<10
3
 cells/mL). Nannelly et al. (2008) observed that only wines containing more 520 

than 10
3
 tyramine-producing cells ml/L contained tyramine concentrations above 1 mg/L. 521 

Moreover, a linear relationship seemed to exist between the level of tyramine and the 522 

population of lactic acid bacteria carrying the tdc gene in the range of the dataset (1–6 523 

mg/L) for 10
3
 to 6 · 10

3
cells ml/L. 524 

 525 

 526 

Detection of lactic acid bacteria carrying odc and/or agdi gene by QPCR 527 

 528 

Nannelli et al. (2008) develop a QPCR methods allowing enumeration of lactic acid 529 

bacteria producing putrescine in wines. Primers used for quantitative PCR were designed in 530 

conserved regions of odc and agdi genes identified after aligning nucleotide sequences 531 

available in databanks. The odcf  and odcr  primers (Table 4) were designed from an 532 

alignment of genes coding for the well characterized ODC of O. oeni RM83 (CAG34069) 533 

and Lactobacillus sp. 30a (P43099) and four putative uncharacterized ODCs of 534 

Lactobacillus acidophilus (AAT09142), Lactobacillus johnsonii (NP_965822), 535 

Lactobacillus gasseri (ZP_00047186) and Lactobacillus salivarius (YP_535038). This 536 

primer set amplifies a 127-bp internal region of odc (Table 4). Optimal QPCR conditions 537 
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allowed amplification of a PCR product with a melting temperature of 81.0°C ± 0.5°C 538 

(Table 4). 539 

Primers agdif and agdir (Table 4) derived from the alignment of Lactobacillus brevis 540 

(ABS19477 and ABS19479), Lactobacillus sakei (AAL98713 and AAL98715), 541 

Pediococcus pentosaceus (ZP_00322658 and ZP_00322660), E. faecalis (NP_814483), L. 542 

lactis (AAK05795), Streptococcus mutans (DAA04558), and Listeria monocytogenes 543 

(AAT02835 and AAT02837). This primer set amplifies a 90-bp internal region of agdi 544 

(Table 4). Optimal QPCR conditions allowed amplification of a PCR product with a 545 

melting temperature of 85.0°C ± 0.5°C (Table 4). 546 

The level of putrescine correlated well with the population lactic acid bacteria carrying the 547 

odc gene as it was above 1 mg/L when these bacteria reached the threshold value of 10
3 

548 

cells/mL and it increased quite linearly with higher lactic acid bacteria populations. In 549 

contrast, no correspondence was denoted with the populations of lactic acid bacteria 550 

carrying the agdi gene that were always fewer than 100 cells/mL while putrescine 551 

concentration varied from 0 to 20 mg/L. 552 

 553 

 554 

CONCLUSIONS  555 

 556 

Although amino acid decarboxylases are not widely distributed among bacteria, species of 557 

many genera are capable of decarboxylating one or more amino acids. However, the ability 558 

of microorganisms to decarboxylate amino acids is highly variable. It depends not only on 559 

the species, but also on the strain and the environmental conditions. The molecular 560 

techniques offer fast, easy, and reliable methods for analysing wine samples (at any step in 561 
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the elaboration process) for the presence of biogenic amine producing bacteria. PCR assays 562 

provide methods that can be successfully used for the routine detection of bacterial strains 563 

potentially producers of histamine, tyramine and putrescine in wine. These procedures are 564 

highly specific method, and their results are easy to interpret compared to others 565 

conventional methods. 566 

Analysis of wines by means of QPCR methods showed that biogenic amine producing 567 

lactic acid bacteria form significant amounts of histamine, tyramine or putrescine (above 1 568 

mg/L) when their populations exceed 10
3
cells/mL  (Nannelli et al., 2008; Lucas et al., 569 

2008). In contrast, populations of biogenic amine-producing lactic acid bacteria ranging 570 

from 10
3
 to 10

7
 cells/mL were not correlated to increasing amounts of biogenic amine. It is 571 

likely that production of biogenic amine in wine depends not only on the presence of more 572 

than 10
3
 biogenic amine-producing lactic acid bacteria per mL, but also on other parameters 573 

of wine such as the availability of amino acid precursors, pH or duration of MLF as 574 

previously suggested (Martin-Alvarez et al., 2006). Determination of biogenic amine-575 

producing lactic acid bacteria in wine by QPCR is an appealing approach for predicting the 576 

risk of biogenic amine accumulation. However, it cannot indicate the final concentration of 577 

biogenic amine that will appear in wine. 578 

579 
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FIGURES 820 

FIGURE 1. Electrophoresis of hdc fragment PCR amplified with primer sets 821 

JV16HC/JV17HC. Lanes 1 and 20, 1 kb ladder; lane 2, Lactobacillus buchneri ST2A, (lane 822 

3) negative control Pediococcus pentosaceus 136, (lane 4) Oenococcus oeni 4042, (lane 5) 823 

O. oeni 4023, (lane 6) O. oeni 4021, (lane 7) O. oeni 4047, (lane 8) O. oeni 4010, (lane 9) 824 

O. oeni 3996, (lane 10) O. oeni 4045, (lane 11) P. parvulus 339, (lane 12) P. pentosaceus 825 

56, (lane 13) P. parvulus 276, (lane 14) Lact. hilgardii 464, (lane 15) Lact. plantarum 98, 826 

(lane 16) Lact. paracasei 364, (lane 17) Lact. hilgardii 5w, (lane 18) Leuconostoc 827 

mesenteroides 27, (lane 19) Leuc. Mesenteroides 86. 828 

 829 

 830 

 831 
832 
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FIGURE 2. Electrophoresis of tdc fragment PCR amplified with primer sets p303 and P1-833 

rev. Lanes 1 and 14: ladder; lanes 2 and 3: Lb. hilgardii 5w and 359; lanes 4, 5, 6, 8, 11: 834 

Lb. brevis J2, 9, 40, 84 and 106; lane 7: L. curvatus, lane 9: Lb. casei; lane 10: Lb. mali; 835 

lane 12 and 13: Pediococcus parvulus P339 and Pediococcus pentosaceus P136. 836 
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Figures 3. Electrophoresis of odc fragment PCR amplified with primer sets 846 

847 
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Figures 4. Electrophoresis of multiplex PCR  848 


