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One hundred and sixty-three wines from La Rioja, Utiel-Requena, and Tarragona were analyzed to
determine if there were any differences in the concentrations of six biogenic amines that are found
in these three regions. The influence of grape variety, type of vinification, wine pH, malolactic
fermentation, and storage in bottle on biogenic amine concentrations was studied. Results show
important differences in putrescine and histamine concentrations among regions, varieties of grape,
and type of wine; differences were less appreciable for the remaining biogenic amines studied. Low
pH prevented biogenic amine formation. Malolactic fermentation and short storage periods in bottle
(3—6 months) showed increases in histamine concentration, whereas longer periods of storage led
to a general decrease in histamine. Several strains of lactic acid bacteria were isolated in this work,
and their ability to form biogenic amines was assayed in synthetic media, grape must, and wine.
Grape varieties, different types of winemaking, pH, and lactic acid bacteria may be responsible for
the differences observed in the biogenic amine concentrations of the wines analyzed.

KEYWORDS: Biogenic amines; wine; malolactic fermentation; storage; grape variety; lactic acid bacteria;
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INTRODUCTION of biogenic amines in wines depends on the presence and the
| concentration of yeast and lactic acid bacteria with decarboxy-

Biogenic amines are organic bases endowed with biological lating activity (11, 16) in addition to the precursors. The

activity that are frequently found in fermented foods and . k i - ” )
beverages. They are produced mainly as a consequence of th oncentration of microorganisms is affected by phyelcochemlcal
decarboxylation of amino acids. High concentrations of biogenic actors of wine such as pH., temperature, orzaﬁ_dmop (18). .
amines can cause undesirable physiological effects in sensitive Many authors have implicated yeast and lactic acid bacteria
humans, especially when alcohol and acetaldehyde are preserS résponsible for the formation of amines in wii@,(14, 15,
(1, 2). More specifically, histamine is known to cause headaches, 18: 19). However, data are complex and contradictory, which
low blood pressure, heart palpitations, edema, vomiting, and SUg9est that more defined studies are necessary to elucidate
diarrhea (1,3). Tyramine and phenylethylamine can produce which kind of microorganism is the major co_ntrlbutor. Several
hypertension through the release of noradrenaline and norephef€S€archers have demonstrated that the amine content increases
drine, respectively, which are vasoconstrictor substances (4).With microbial growth, specifically with that of bacteria, with
Putrescine and cadaverine, although not toxic themselves,Piogenic amine content suggested as an index of quality or of
aggravate the adverse effects of histamine, tyramine, andPOCr manufacturing practices (125, 18, 19).
phenylethylamine, as they interfere with the enzymes that Biogenic amine content in wines may be regulated in the
metabolize them (56). future following the ne\{vly implemented regulatione by the U.S.
Some amines, such as putrescine, may already be present ifr00d and Drug Administration (FDA) for scombroid fisbQ).
grapes (7), whereas others can be formed and accumulated?pper limits for hlstamlne in wine have been recommended in
during winemaking. Low potassium concentrations in soil have Germany (2 mg/L), Belgium (56 mg/L), and France (8 mg/
been reported to be responsible for high putrescine concentral) (3). Switzerland has established a limit of 10 mg/L as a
tions in plants (89). The main factors affecting its formation ~ tolerable value for histamine in wine (21).
during vinification are free amino acid concentrations and the ~ To establish if there were differences in the biogenic amine
presence of microorganisms able to decarboxylate these amingontents of different Spanish wine-producing regions, Temp-
acids. Amino acid concentration in grapes can be affected by ranillo wines from La Rioja, Tarragona, and Utiel-Requena were
fertilization treatments (10) and that in wines by winemaking investigated. To discern if different grape varieties (Bobal,
treatments, such as time of maceration with skins, addition of Garnacha, and Tempranillo) generate different amine concentra-
nutrients, and racking protocol$,(11—15). The concentration  tions, wines from three grape varieties of the same region (Utiel-
Requena) were analyzed. To study the influence of the type of

* Corresponding author  (telephoner-34963544390; fax +3496 winemaking on biogenic amine concentration, white, rose, and
3544372; e-mail Isabel.Pardo@uv.es). red wines from these regions were analyzed. In this work, we
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Table 1. Origins of Samples Analyzed in This Work

Landete et al.

Table 2. Average Concentrations and Standard Deviations of Biogenic
Amines Found in Tempranillo Red Wines from La Rioja,

no. of Utiel-Requena, and Tarragona?
wines type of
analyzed wine origin grape variety  wine time of sampling phenylethyl-
35 La Rioja Tempranillo  red MLF finished ) » histamine  tyramine putrescine amine
2 LaRioja Tempranilo  red  MLF completed by wine origin (mg/L) (mg/L) (mglL) (mglL)
unknown commercial La Rioja (45) 82+55 19+11 473+121 09+04
starter Utiel-Requena (46) 24+11 23+08 75+13 1.0+£04
5 La Rioja Macabeo white  MLF finished Tarragona (12) 45+31 18+09 341+105 08+0.3
8 La Rioja Tempranillo red MLF in course
32 Ut!eI-Requena Tempran!llo red MLF f'n'Shed @The number of wines analyzed is given in parentheses. Wines with malolactic
12 Utiel-Requena  Tempranillo red MLF in course fermentation finished
2 Utiel-Requena  Tempranillo  red MLF completed by '
unknown commercial
starter pH 5.8 with PO, and made up with deionized water to 1 L. Solvent
16 Utiel-Requena  Bobal red MLF finished B was 100% methanol.
2 Utiel-Requena  Bobal red  MLFcompleted by To evaluate the repeatability of the method, five independent analyses
unknown commercial of biogenic amine concentrations in wine were performed, and the
) ) starter standard deviation was calculated.
10 Utiel-Requena  Bobal fose  MLFin course The limit of detection (LD) of the method was calculated using the
8 Utiel-Requena -~ Garnacha red MLF finished tion proposed by Miller and Miller (24). The LD is defined as the
8 Utiel-Requena  Macabeo white  MLF in course equa proposed by ' -
5 Utie-Requena  Chardonnay  white  MLF in course lowest concgntrathn level of the element .that an analyst can determme
12 Tarragona Tempranilo  red MLF finished to be statistically different from an analytical blank. The repeatability
6 Tarragona Macabeo white MLF in course standard deviation of measurements was 1.0%, and the LD was 0.1

mg/L.
Analyses of Biogenic Amines Produced by Lactic Acid Bacteria
in Synthetic Medium, Wine, and Grape Must. The ability to produce
. . . . different biogenic amines was analyzed in lactic acid bacteria isolated
glso studle_d the influence pf mglolactlc fermentatlon, storage fom wines (Tables 4and5). To do this, two synthetic media, wine
in bottle, wine pH, and lactic acid bacteria. and must, were used. Synthetic media are named biogenic amine
production medium (BAPM) and modified histidine-decarboxylation
medium (H-MDBmod). BAPM consists of the following (per liter):
meat extract, 8 g; tryptone, 5 g; yeast extract, 4 g; glucose, 1.5 g;
Origins of Wines Analyzed. The origins of the 163 samples fructose, 1 g; Tween 80, 0.5 g; Mgs®.2 g; FeS@ 0.04 g; MnSQ,
analyzed are reported ifiable 1. Samples originated from La Rioja,  0.05 g; CaC@, 0.1 g; tyrosine, 2 g; histidine, 2 g; phenylalanine, 2 g;
Utiel-Requena, and Tarragona. The wines were obtained from Temp- ornithine, 2 g; lysine, 2 g; tryptophan, 2 g; and pyridoxal phosphate,
ranillo, Bobal, Garnacha, Macabeo, and Chardonnay grape varieties.0.25, pH 5.5. H-MDBmod contains the following (per liter): meat
The majority of wines were analyzed during or just after malolactic extract, 8 g; tryptone, 5 g; yeast extract, 4 g; glucose, 1.5 g; fructose,
fermentation. 1 g; Tween 80, 0.5 g; MgSQO0.2 g; FeS@ 0.04 g; MnSQ, 0.05 g;
Evolution of Biogenic Amines after Alcoholic Fermentation and CaCQ, 0.1 g; histidine, 20 g; and pyridoxal phosphate, 0.25 g, pH
Storage.The evolution of biogenic amine content was investigated by 5.2. Inoculation was performed by adding 0.1 mL of a mid-log phase
sampling 12 young bottled wines from the Utiel-Requena region that MRS preculture medium into 10 mL of these media, which were left
originated from Bobal, Tempranillo, and Garnacha grapes. Samplesto grow at 28°C until an ODQgonm Of 0.5. This ORoonm Of 0.5
were taken at different stages of vinification: before and after malolactic corresponds to 3.% 10° colony-forming units (cfu)/mL folLactoba-
fermentation and at 3, 6, and 12 months during storage at a controlledcillus hilgardii, 4 x 10 cfu/mL for Lactobacillus brevis, 4.7« 10
temperature of 18C in the laboratory. cfu/mL for Pediococcus, and 1.2 10° cfu/mL for Oenococcus.
Isolation and Identification of Lactic Acid Bacteria. Lactic acid BAPM contains a mixture of six amino acids, whereas H-MDBmod
bacterium strains were isolated from wines reporte@idhles 4and5 contains only histidine. When only the quantification of histamine is
by plating decimal dilutions on MRS (Scharlau Chemie S.A., Barcelona, required, this last medium is preferred because the chromatographic
Spain) plates supplemented with 0.5%ysteine and on MLO plates analysis of this amine is enabled; the histamine peak partially overlaps
(22), which were incubated at 2€. Lactic acid bacteria were identified ~ With some of the other amino acids present in BAPM.
by means of fluorescence in situ hybridization (FISE3), The confirmation of the ability to produce biogenic amines was
Determination of Biogenic Amines in Wines by HPLC.Histamine, performed in red wine (Bobal, Utiel-Requena, pH 3.5) and commercial
tyramine, putrescine, cadaverine, phenylethylamine, and tryptamine 9rape must, supplemented with tyrosine, histidine, phenylalanine,
were the six biogenic amines analyzed. prnlthme, lysine, an(_j tryptophan, 1 _g/L eaph. The;e substrates were
Samples of wine were centrifuged (13000 rpm or 1G)@min), inoculated as described for synthetic media and incubated 4€28

filtered through a membrane (regenerate cellulose, @dPore size), until the number of viable cells reached”Iu/mL. _
and derivatized with orthophthaldehyde (OPA). Samples were injected 10 quantify the amines produced in the synthetic and natural media,
into the HPLC system (Merck, Darmstadt, Germany) equipped with Samples were collected, centrifuged (13000 rpm or 160@0min),

an L-Intelligent pump (Merck-Hitachi), an AS-2000A autosampler filtered through a membrane (regenerate cellulose, @mpore size),
(Merck-Hitachi), a T-6300 column thermostat, and an L-7485 LaChrom and derivatized with OI_DA. The samples were then injected into the
fluorescence spectrophotometer (Merck-Hitachi). An excitation wave- HPLC system as described above.

length of 335 nm and an emission wavelength of 450 nm were used.

OPA reagent was prepared as follows: 50 mg of OPA was dissolved RESULTS

in 2.25 mL of methanol; 0.25 mL of borate buffer 0.4 M (pH 10) and P . . . . . .
finally 0.05 mL of mercaptoethanol were added. A gradient of solvent Quantlflcatlon (,)f BlogenIC'AmlneS.In Tempranillo Wlne§

A and solvent B was applied to a 100 RP-18 column (Merck-Hitachi) from Different Wine-Producing Regions. The average bio-
(25 cmx 5 um) as follows: 0—20 min, 40% B isocratic, 1.1 mL/min; ~ genic amine concentrations of Tempranillo wines from Utiel-
20—45 min, 46-85% linear gradient, 1.1 mL/min. Solvent A consisted Requena, La Rioja and Tarragona are shownTable 2.

of 2.268 g of KHPO, and 14.968 g of N&dPQO,-12H,0 adjusted to Putrescine was the most prominent biogenic amine in all of the

2 Malolactic fermentation.

MATERIALS AND METHODS
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Table 3. Average Concentrations and Standard Deviations of Biogenic 16 *
Amines in Wines from Three Grape Varieties with Malolactic a1
Fermentation Finished Cultured in Utiel-Requena? g 12 T3 o4
—_ 10
phenylethyl- g R -
histamine ~ tyramine putrescine amine ‘E . .
grape variety? (mglL) (mglL) (malL) (mglL) % . 3
L 4
Tempranillo (46)  25+12  26+1.1 76+21 1205 < 5 d
Bobal (18) 23+10 20+08 35+14 08+03 o ? * . .
Garnacha (8) 11+03  08%02 7421 06+03 0 o3
29 3.1 33 35 37 3.9
aThe number of wines analyzed is given in parentheses. Wine pH

Figure 1. pH values versus histamine concentration from 28 different
analyzed wines. Histamine, tyramine, and phenylethylamine red, rosé, and white wines analyzed with malolactic fermentation
were also detected in decreasing concentration order. Importantaccomplished.
differences in putrescine concentration were observed among
the three regions, with concentrations 7- and 5-fold higher in histamine concentrations were observed at higher pH values.
La Rioja and Tarragona, respectively, than in Utiel-Requena. Wines with pH <3.6 showed histamine concentrations <6
A higher histamine concentration was also observed in La Rioja mg/L. This is consistent with the observation that white wines
and Tarragona: 3 of 12 Tarragona wines and 16 of 45 La Rioja with the lowest pH values (average pH 3.11) exhibited the
wines had a histamine concentration>6f0 mg/L, but only 1 lowest histamine concentrations. However, the influence of pH
of 46 Utiel-Requena wines surpassed this concentration. How-on amine concentration is less evident for tyramine and
ever, the average tyramine and phenylethylamine contents werephenylethylamine and was not observed for the rest of the
similar in all of the regions studied. amines (data not shown).

Low concentrations of cadaverine and tryptamine were found  Influence of Malolactic Fermentation and Storage on
in the wines, always<0.5 mg/L. No differences were found Biogenic Amine Concentration.To establish more precisely
for cadaverine and tryptamine concentrations among the wine-the role of malolactic fermentation and storage on biogenic
producing regions, grape varieties, and types of wine (red, rose amine concentration, samples before and after malolactic
and white). fermentation and at 3, 6, and 12 months of storage were

Influence of Grape Variety on Biogenic Amine Concen- collected from 12 young wines from Utiel-Requerialle 4).
tration. The biogenic amine concentrations were quantified in The evolution of the average concentrations of biogenic amines
Bobal (red and rosé), Garnacha (red), and Tempranillo (red) can be observed iRigure 2.

wines produced in Utiel-Requena. The average concentrations The biogenic amine showing a higher increase after malolactic
of histamine, tyramine, putrescine, and phenylethylamine are fermentation was histamine; the others also increased, but to a
shown inTable 3. The histamine and tyramine concentrations lesser extent. During the first 6 months of storage in bottles,
were similar in the cases of Tempranillo and Bobal varieties the histamine showed another increase, although smaller than
and higher than in Garnacha. The putrescine concentration founcthat observed after malolactic fermentation. Consequently, a
in Bobal was slightly lower than those in Tempranillo and decrease in amine concentration was observed. Putrescine did
Garnacha. Phenylethylamine concentration was very similar in not show any appreciable changes between the beginning and
wines from the different grape varieties. the end of the time period analyzed.

Influence of Type of Winemaking (Red, Roseand White) Quantification of Biogenic Amine Produced by Lactic
on Biogenic Amine Concentration.A total of 24 white, 10 Acid Bacteria. The ability to produce biogenic amines of lactic
rosé, and 129 red wines originating from the three different acid bacteria isolated from wines of the three different regions
regions in the study were analyzed. In the white and rosé wineswas analyzed in synthetic media, wine and must, and the results
histamine and tyramine werel mg/L and phenylethylamine  are reported inTables 4 and 5. Table 4 shows the results
was <0.25 mg/L. No differences were observed in the concen- obtained with bacteria isolated from wines surveyed to establish
trations of these three amines in wines from the different regions. 3 relationship between malolactic fermentation, storage, and
However, the average putrescine concentrations varied in whitepjogenic amine content. The strains isolated were identified as
wines from La Rioja (35 mg/L), Tarragona (29 mg/L), and Utiel- - Oenococcus oerRediococcus pamulus, Lactobacillus hilgardii,
Requena (6.7 mg/L). Red wines showed histamine, tyramine, and Lactobacillus brevis. Seven of the 12 wines analyzed
and phenylethylamine concentrations higher than those of white contained histamine-producing lactic acid bacteria, @itleni
and rosé wines (sekable 2), but putrescine levels were similar  strains being the most abundant. We found thabenistrains
in all three types of wines. Putrescine content seems to be moreproduced low histamine concentrations, wherBaparvulus
influenced by the geographical region and grape variety than andL. hilgardii strains produced high levels in synthetic media.
by the type of winemaking. Strains of L. brevis were able to produce tyramine and

The majority of white and rosé wines had not undergone phenylethylamine, but not histamine, in BAPM medium. We
malolactic fermentation, but in the cases of those that had, thedid not observe lactic acid bacteria capable of producing
histamine, tyramine, and phenylethylamine concentrations werecadaverine, tryptamine, or putrescine in our experimental
close to those observed in red wines after malolactic fermenta-conditions. Those strains that were able to produce biogenic
tion. This information suggests that the lactic acid bacteria may amines in synthetic media also produced them in wine or must,
be responsible for these higher values. although the quantities were lower (s&@able 4). The low

Influence of pH. The average pH values of the wines production of tyramine and phenylethylamine produced_by
analyzed were 3.74 in La Rioja and 3.51 and 3.53 in Utiel- breuwis strains in wine was due to their inability to grow. As a
Requena and Tarragona wines, respectivElgure 1 shows consequence, they were assayed in commercial must with added
that in wines that had undergone malolactic fermentation, higher amino acids; the quantities of amines were recorded after
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Table 4. Biogenic Amine Production in Synthetic Medium and Wine by Lactic Acid Bacteria Isolated from 12 Utiel-Requena Wines in Which the
Effects of Malolactic Fermentation and Storage Were Studied?

histamine (mg/L) tyramine (mg/L) phenylethylamine (mg/L)
wine grape variety strain isolated BAPM wine BAPM wine BAPM wine
1 Bobal O. oeni UR37 21 22
2 Bobal NDP
3 Bobal 0. oeni UR181 12 5
Lb. brevis UR32 289 3 115 1.2
4 Bobal O. oeni UR29 17 0.5
P. parvulus UR89 223 48
5 Tempranillo O. oeni UR54 22 6
6 Bobal 0. oeni UR110 12 15
Lb, brevis UR16A 321 6.2 141 38
7 Bobal 0. oeni UR97 34 8
8 Tempranillo Lb. hilgardii UR241
P. parvulus UR86
9 Tempranillo ND
10 Bobal O. oeni UR102
P. parvulus UR96
Lb. hilgardii UR28 184 41
11 Garnacha 0. oeni UR53B
12 Garnacha P. parvulus UR22

aNo strain was able to produce putrescine, cadaverine, and tryptamine. ?ND, lactic acid bacteria were not detected.

8

7- ‘—/‘__"—_—‘\‘ —&— Histamine

6 - ——Tyramine

5 —&— Putrescine
1 —&— Phenylethylamine
S 4 -
£

3 -

2 -

1 -

0 T .

1 2 3 4 5
Time of sampling

Figure 2. Evolution of histamine, tyramine, phenylethylamine, and

putrescine concentration of wines from Utiel-Requena, before (1) and after
(2) malolactic fermentation and 3 (3), 6 (4), and 12 (5) months of storage.
Values represent mean contents observed in the 12 wines reported in

Table 4.

Table 5. Histamine Concentration and Histamine-Producing Strains

Found in Wines of Different Regions?

histamine

concn in lactic acid bacteria histamine (mg/L)

wine origin wine (mg/L) isolated H-MDBmod  wine
Utiel-Requena 4 0. oeni UR83B 17 3
Utiel-Requena 3 0. oeni UR10 21 7

La Rioja 11 0. 0eni 318C 18 6.5
La Rioja 9 0. 0eni 217B 22 11

Tarragona 15 O. oeni T26A 14 45
Tarragona 9 0. 0eni T41 11 4
Utiel-Requena 8 P. parvulus UR89 223 48
La Rioja 20 P. parvulus 339C 212 34
Tarragona 21 P. parvulus T4 234 28

2The ability to form histamine in synthetic medium (H-MDBmod) and wine by

lactic acid bacteria is also displayed.

growth: strainL. brezs UR32 produced 35 mg/L tyramine and
7 mg/L phenylethylamine, whereasbrevis UR16A produced

43 and 11.5 mg/L, respectively.

that showed the ability to form histamine in H-MDBmod and
in wine. Although more bacteria were isolated from these wines,
only those that showed histamine production are recorded in
the table. In these wines the histamine-producing strains belong
to the specie®. oeniand P. parvulus. We observed tha.
oenistrains, as already demonstrated able 4, produced lower
histamine in both synthetic medium and wine thiarparvulus
strains. We did not find differences in the isolates’ ability to
produce histamine related to their geographical origin.

DISCUSSION

Putrescine was the most prominent biogenic amine found in
wine; the other amines were present in substantially lower
concentrations. Histamine and tyramine were the second and
third most abundant biogenic amines. Tryptamine and cadav-
erine were always<l mg/L. The results of this study are in
agreement with other finding2%—27). In general, the biogenic
amine concentration in Spanish wines is higher than in
Portuguese wine28) and similar to that in Bourgogne and
Bordeaux wines (27).

Tempranillo wines from La Rioja and Tarragona showed the
highest levels of putrescine and histamine concentrations. No
differences were observed in tyramine and phenylethylamine
contents. Differences in putrescine in musts can be explained,
in part, by the chemical composition of soil, especially the
potassium level, as has been demonstrated in grapevine leaves
and eucalyptusg, 9). In addition, this amine could be formed
from ornithine and arginine (via agmatine) by lactic acid
bacteria. A higher content of these amino acids besides histidine
could explain the higher level of putrescine and histamine in
La Rioja and Tarragona wines. Also, it has been reported that
wines with higher pH generally have higher amine concentra-
tions (25). We observed that La Rioja wines exhibiting pH
values>3.6 set a threshold for high histamine content (see
Figure 1). This relationship between pH and amines is explained
by the fact that at higher pH a greater number of bacteria can
develop, thus increasing the probability of having strains able
to form amines (29).

Some amines are normal constituents of grapes, being in

Table 5 presents both the histamine content of the different variable amounts in different varieties. Among biogenic amines
wines from the three studied regions and the isolated strainsdetected in grapes, putrescine and spermidine are usually
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abundant (20 and 45 mg/kg of fresh fruit, respectively), whereas the processes that incorporate amino acids to must or wine as
ethanolamine, agmatine, cadaverine, spermidine, histamine, angjrape skin maceration and contact with lees, but this is
tyramine have been found in lower amounti2<15,17, 18, impossible when aged wines are intended. Other factors such
30). High levels of putrescine, cadaverine, and spermidine haveas grape variety or type of soil are not susceptible to change.
been reported in the pericarp of Cabernet-Sauvignon befies ( For these reasons the control of this problem could be easily
In Utiel-Requena, Tempranillo wines showed the highest content solved by inhibiting the growth of indigenous lactic acid bacteria
of biogenic amines (average of 13.9 mg/L). Garnacha wines and inoculating commercial select@ oenistrains unable to
have 8.9 mg/L and Bobal, 6.6 mg/L, average (data deduced fromproduce biogenic amines. In support of this idea we have found
Table 3). Putrescine is present in Tempranillo and Garnacha lower concentrations of histamine, tyramine, and phenylethyl-
in 2-fold higher concentrations than in Bobal, whereas histamine @mine in wines in which the malolactic fermentation was
and tyramine concentrations were very similar in Tempranillo Performed by a commercial starter.

and Bobal wines and lower in Garnacha. As the soils in which A thorough study on amino acid decarboxylation by lactic
the grape varieties were cultured are similar in composition, acid bacteria under winemaking conditions would need to be
they were all subjected to similar winemaking practices, and done to estimate the real danger of lactic acid bacteria

the bacteria able to form putrescine were not detected; differ-

ences in putrescine concentration could be attributed to the grapeACKNOWLEDGMENT

variety. Thus, Tempranillo and Garnacha musts probably had
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