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Aim of this research was to study the effect of some agronomic and oenological factors on the content of
biogenic amines as quality index of sixty-five Abruzzo wines. Sum of amines was found to be decreasing
in the order: red (19.3 ± 12.8 mg L�1), rosé (9.20 ± 6.34 mg L�1), white (7.67 ± 3.84 mg L�1) wine. Signifi-
cant differences in relationship among amines levels and chemical and chemico-physical characteristics
of red, white and rosé wine are due to their different biotechnological process and winemaking. Besides
the aging treatment, influential seems to be the effect of the winery, regardless of the area in which it is
situated.

The single amines significantly correlated with their sum were putrescine, histamine and tyramine,
even if reached levels were below toxicity threshold, demonstrating a good quality of the wines of
Abruzzo whose consumption is no risk to the health of the consumer following the rules of proper
nutrition.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

An important quality and safety parameter in wines is the level
of amines, naturally present in grapes (Del Prete, Costantini, Cec-
chini, Morassut, & Garcia-Moruno, 2009) or produced by transam-
ination of aldehydes by amino acid transaminase (Karovičová &
Kohajdová, 2005) or derived from the decarboxylation of amino
acids by enzymes of microbial origin, for this reason defined bio-
genic amines.

The presence of biogenic amines in wine is quite frequent and
inevitable (Pozo-Bayón, Monagas, Bartolomè, & Moreno-Arribas,
2012); in most of the studies carried out more amines have been
observed in red wine than either white or rosé ones (Ancín-Azpilic-
ueta, González-Marco, & Jiménez-Moreno, 2008); they are consid-
ered among the most important causes for the intolerance to wine
(Konakovsky et al., 2011) originating intoxication symptoms as
nausea, cardiac palpitations, headaches, flushing, increase or de-
crease blood pressure (Smit, du Toit, & du Toit, 2008; EFSA Journal,
2011).

High sensitivity toward biogenic amines ingested with the diet
depends on insufficient amino oxidase activity caused by drugs
(e.g. of mono amino oxidase inhibitor-MAOI), genetic predisposi-
tion (histamine intollerance), alcohol, acetaldheyde, gastrointesti-
nal disease or inhibition by other amines (e.g. putrescine,
cadaverine) (Maynard & Schenker, 1996; Stratton, Hutkin, & Tay-
lor, 1991).
ll rights reserved.

x: +39 861 266 915.
celli).
Actually, the European Union (EU) has not established regula-
tions for the wine industry, but it have only suggested the ‘‘safety
threshold values’’ (Karovičová & Kohajdová, 2005).

Histamine, tyramine and cadaverine biogenic amines are most
representative of the wine; other amines such as putrescine, ethyl-
amine, 2-phenylethylamine, spermine, spermidine are also present
in the grape must (Costantini, Vaudano, Del Prete, Danei, & Garcia-
Moruno, 2009).

The amount of biogenic amines in the wine is closely related to
both the microbiota that the amino acid composition of the wine,
which in turn depends on grape variety, from the nutrition of the
wine and the metabolism of yeast and bacteria (Ancín-Azpilicueta
et al., 2008; Del Prete et al., 2009). In 2011, the International Orga-
nization of Vine and Wine (OIV) published the ‘‘OIV code of good
vitivinicultural practices’’ in order to minimise the presence of bio-
genic amines in vine-based products. According the OIV Guide
(2011), the actions in vineyards and cellars favouring a moderate
presence of biogenic amines in wines are: kind of soil and nitrog-
enous fertilisation, the poor state of health of the grapes combined
with mould, a high must pH and the development of certain yeasts
during alcoholic fermentation; moreover, the presence of biogenic
amines in wines is significantly increased by lactic acid bacteria
during secondary fermentation (malolactic fermentation, MLF)
(Ancín-Azpilicueta et al., 2008).

Many technological, biological and environmental factors can
affect the occurrence of biogenic amines in wine such as skin mac-
eration or post-fermentative maceration or contact with the lees
(Alcaide-Hidalgo, Moreno-Arribas, Martín-Álvarez, & Polo, 2007;
Hernández-Orte et al., 2008; Marques, Leitão, & San Romão,
2008; Pérez-Serradilla & Luque de Castro, 2008).
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mailto:mmartuscelli@unite.it
http://dx.doi.org/10.1016/j.foodchem.2013.01.008
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem


M. Martuscelli et al. / Food Chemistry 140 (2013) 590–597 591
The must and wine treatments with yeast mannoproteins (Gar-
cía-Marino, Trigueros, & Escribano-Bailón, 2010) or proteolytic en-
zymes (Martín-Álvarez, Marcobal, Polo, & Moreno-Arribas, 2006)
can increase biogenic amines synthesis. Furthermore, the use of dif-
ferent clarification substances and enological adjuvants, such as
bentonite polyvinylpolypirrolidone (PVPP) at the normal dose used
in winemaking, can reduce biogenic amines content, since these
compounds are able to adsorb some of them (Pozo-Bayón et al.,
2012).

In addition mould 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 (Grossmann, Smit, Loehnertz, & Ansorge, 2007).

Monitoring of the amines levels in wines can be an important
marketing advantage. Some authors proposed biogenic amines
content as markers for authentication of origin (Herbert, Cabrita,
Ratoa, Laureano, & Alves, 2005) in addition to other chemical com-
pounds as polyphenols (Galgano, Caruso, Perretti, & Favati, 2011).
Moreover many wine importers in EU are requiring biogenic
amines analysis; even if there are no regulations, the recom-
mended upper limit for histamine is 2 mg L�1 in Germany,
6 mg L�1 in Belgium, 8 mg L�1 in France (Lehtonen, 1996). The only
country that has established an official maximum limit for the
presence of histamine in wines, Switzerland, has removed it in im-
ported wines (previously set at 10 mg L�1).

Aim of this study was to investigate the red, white and rosé
Abruzzo wines using their biogenic amines content as an indicator
of product and process quality. The research was carried out in or-
der to control the achieved levels of toxic amines in relationship
with some agronomic and oenological factors, to establish the real
risks associated with the presence of biogenic amines in these
wines and, finally, to give to wine producers the opportunity of
new markets and commercial trades. The Association of Oenolo-
gists of Abruzzo-Molise has been involved in this research in order
to better assist producers in accordance with the proposed actions
by Intergovernmental Organisation to minimize the presence of
amines in wines (Strategic Plan of the OIV 2009–2012).
2. Material and methods

2.1. Sampling

Sixty-five commercial wines were collected directly from 10
wineries (identified with an alphabetical code) located in Abruzzo
region (Italy), a typical wine-producing area of Centre-East of Italy.
The origin of the samples is related to the province of Chieti (about
46%), followed by those of Teramo and Pescara (33% and 13%,
respectively) and finally from the province of L’Aquila (8%), reflect-
ing the distribution of Abruzzo wine production.

For each sample wine has been assigned an identification nu-
meric code, as follows: white, W1–W19 (n = 19); red, R20–R49
(n = 30); rosé, RS50–RS65 (n = 16).

The wines were commercially classified as ‘‘Controlled Designa-
tion of Origin’’ (CDO), ‘‘Typical Geographical Indication’’ (TGI)
(Commision Regulation EC No 628/2008) and table wine.

The majority of the red wines were produced with grape culti-
vars of Montepulciano of Abruzzo, as well as Negramaro, Merlot
and Primitivo grape varieties; as regrad white wines Trebbiano of
Abruzzo CDO wines were investigated together with Chardonnay,
Passerina and Pecorino grapes varieties. All the rosé wines were
Montepulciano d’Abruzzo CDO, Cerasuolo, except one (TGI). Of
65 wines, 33 belonged to the vintage 2009 (9 red, 10 rosé and 14
white wines), 17 to vintage 2008 (8 red, 5 rosé and 5 white) and
the remaining 16 produced in the vintage 2008 (14 red wines).
2.2. Reagents and apparatus

All chemicals were of analytical reagent grade and supplied by
Carlo Erba (Milan, Italy). Standards were obtained from Sigma
(Bellefonte, USA).

The pH values were detected by a pH-meter 3510 model
(JENWAY).

The chromatographic system consisted of an HPLC Waters Alli-
ance equipped with a Waters 2695 separation module connected
to a Waters 2996 photodiode array detector. The system was gov-
erned by Waters Empower personal computer software.

2.3. Analytical procedures

On the freshly opened bottles, total solfur oxide (SO2, mg L�1)
was measured by distillation according to the official procedure
in EEC regulation No. 2676/90, while for ethanol, the value de-
clared on the label (% v/v) were used.

HPLC analysis of organic acids was performed as described by
Tofalo et al. (2011). Because of the presence of the presence of
interferences in the region where malic and lactic acids were
eluted, red and rosè wines were purified by solid phase extraction
through C18 cartridges (J.T. Baker, Phillipsburg, N.J., USA), mobile
phase modified adding 10% of acetonitrile and column temperature
increased up to 45 �C. Recoveries ranged between 93% and 95% for
white wines and between 87% and 91% for red and rosè ones, the
within-assay precision being less than 5% for all samples.

The following nine biogenic amines (BA) were detected, identi-
fied and quantified: ethylamine (ETY), b-phenylethylamine (b-
PHE), putrescine (PUT), cadaverine (CAD), isoamylamine (ISO), his-
tamine (HIS), tyramine (TYR), spermidine (SPD) and spermine
(SPM). The determination of biogenic amines was carried out on
0.5 ml of each sample. After derivatization with dansyl chloride
according to Galgano et al. (2001), 10 ll of the samples were ana-
lysed by HPLC. The separation of the analytes was carried out using
a Waters Spherisorb C18 S3ODS-2 column (3 lm particle size,
150 � 4.6 mm I.D.), equipped with a Waters Spherisorb S5ODS-2
guard column as described by Galgano et al. (2001). Identification
of the biogenic amines was based on their retention times.

The calibration curves, i.e. the peak area versus concentration,
were linear in the range of concentration between 0.5 and
20 mg L�1. The lines of regression calculated have been used to
compute the amount of the analytes in samples by interpolation,
using external standard method.

To test the validity of the analytical application of the method
for the detection of biogenic amines in our samples of wine, some
analytical performances were evaluated. Limit of detection, set on
the basis of the signal to noise ratio (S/N) of 3, ranged between 0.5
and 1 mg L�1 for all the biogenic amines. Precision and accuracy of
the method were assessed spiking wine samples at three different
BA concentration levels (5–7.5–10 mg L�1) for a total of twelve
analyses. The within-assay precision (repeatability) came from
four consecutive analyses of the spiked samples in the same day
and never exceeded 10%. The accuracy, evaluated by recovery
experiments and performed on the same spiked samples used for
assessing precision, was found to be higher than 70% for all the bio-
genic amines. To check if the method was applied efficiently, qual-
ity control was carried out on the day of each round analysis by
spiking wine samples with biogenic amines and running the anal-
yses, obtaining recoveries always in agreement with the data pre-
viously recorded.

2.4. Statistical treatment of the data

Means and relative standard deviations were calculated for
investigated sets of samples; results are reported in tables or
graphs.
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One-way analysis of variance (ANOVA), with a confidence inter-
val of 95%, was run to evaluate the effect of the oenological and/or
agronomic factors on the measured chemical and chemico-physi-
cal parameters. Different letters indicate significant differences
(p > 0.05) resulted from ANOVA and post-hoc comparison of means
with Tukey HSD test (p < 0.05).

Data were processed using Statistica 6.0 for Windows package
(StatSoft™, Tulsa, OK). The Principal Component Analysis (PCA)
has been performed with the Single Value Decomposition (SVD)
algorithm after data autoscaling, using MatLab R2009b software
from Mathworks (Natick, MA, USA).
3. Results and discussion

3.1. Chemical and chemico-physical characteristics of Abruzzo wines

Table 1 reports mean values of pH, total sulfur dioxide, ethanol,
malic acid and lactic acid contents found in the red, white and rosè
wines.

The contents of total sulfur dioxide (SO2) were rather variable,
ranging from mean values of 55.79 mg L�1 for red wine to
100.55 mg L�1 for the white wine. It is well known that SO2 is
added in higher concentration in white wine to ensure colour sta-
bilization (Ribéreau-Gayon, Dubordieu, Donèche, & Lonvaud,
2006), particularly in the post-malolactic fermentation and before
bottling. The values of total SO2 were in any case below the legal
limits.

The pH values were consistent with the different types of wines,
with a higher pH value of red wines compared with rosè and white
ones. The lower acidity of red wines can be well explained by the
absence of malic acid in these samples, demonstrating the success-
Table 1
Mean values and standard deviation (min–max range) and analysis of

Red wine (n = 30) Rosé w

Total SO2 (mg L�1) 55.79 ± 30.34a 79.6 ± 2
(12.80–115.20) (48.0–1

pH 3.53 ± 0.12b 3.38 ± 0
(3.28–3.85) (3.21–3

Ethanol (% v/v) 13.20 ± 0.59b 12.57 ±
(12.0–14.5) (12.0–1

Malic acid (g L�1) N.D. 0.45 ± 0
(N.D.–1

Lactic acid (g L�1) 0.78 ± 0.31 0.65 ± 0
(0.43–2.17) (0.19–1

Biogenic amines (mg L�1)
ETY 3.16 ± 1.35 3.25 ± 2

(0.8–6.5) (1.2–9.5
PUT 7.88 ± 5.59b 3.28 ± 2

(2.4–31.8) (1.4–9.9
b – PHE N.D. 0.16 ± 0

(0–1.5)
ISOAM N.D. N.D.
CAD 0.11 ± 0.29a 0.90 ± 0

(0–1.1) (0.7–1.1
HIS 2.91 ± 2.64b 0.58 ± 1

(0–10.8) (0–4.3)
TYR 5.22 ± 4.69b 0.76 ± 2

(0–18.8) (0–10.8
SPD N.D. 0.09 ± 0

(0–1.4)
SPE N.D. N.D.
Total BA 19.3 ± 12.8b 9.20 ± 6

(4.3–67.0) (3.7–24

Note: F calculated Fisher’s F. N.D., not detectable. Data followed by diffe
at p < 0.05); n.s. not significant. ETY, ethylamine; b-PHE, b-phenyleth
HIS, histamine; TYR, tyramine; SPD, spermidine; SPM, spermine, tota
* Significant for p < 0.05.
** Significant for p < 0.01.
ful ‘‘biological deacidification’’ by bacteria degrading malic acid,
with formation of lactic acid and CO2 and a slight increase of pH.
This parameter is important because the production of biogenic
amines was suggested as a microbial strategy to survive to acidic
environments or to supply alternative metabolic energy (Cotter &
Hill, 2003).

As regard alcohol degree, that is considered one of the parame-
ters affecting the activities of aminoacid decarboxylating bacteria
involved in MLF (Coton, Torlois, Bertrand, & Lonvaud-Funel,
1999), for all the samples the ethanol content was acquired from
the label (as % v/v) and subjected to statistical analysis. In white
and rosé wines, ethanol level resulted significantly lower (12.5%)
compared to red wines (13.2%). Red wines with maximum alcohol
content belonged to the Reserve Montepulciano d’Abruzzo CDO
(14.5%).

The malic acid content of the 65 wines showed that a complete
MLF occurred in all red wines and an incomplete or absent MLF in
white and rosè wines, according to Bauer & Dicks (2004). As dis-
cussed below, 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 (Alcaide-Hidalgo et al., 2007; Capozzi
et al., 2010; Coton et al., 1999; Lanvaud-Funel, 2001; Pramateftaki,
Metafa, Kallithraka, & Lanaridis, 2006).
3.2. Biogenic amines occurrence in Abruzzo commercial wines

Out of 65 wine samples (bottled and ready to trade) nine bio-
genic amines were detected, identified and quantified. Significant
differences (p > 0.05) were found comparing the three different
types of wine.
variance of investigated parameters in Abruzzo wines.

ine (n = 16) White wine (n = 19) F

6.51ab 100.55 ± 30.38 b 13.70**

40.8) (44.8– 147.2)
.11a 3.33 ± 0.17a 13.23**

.55) (3.03–3.7)
0.46a 12.47 ± 0.49a 204.5**

3.5) (11.5–13.5)
.42a 1.12 ± 0.71b 38.34**

.32) (N.D.–2.20)
.34 0.59 ± 0.58 n.s.
.46) (N.D.–2.15)

.23 4.06 ± 2.49 n.s.
) (1.1–8.6)
.41a 2.24 ± 2.62a 12.2**

) (0.8–12.8)
.44 N.D. 3.26*

N.D. –
.14b 0.79 ± 0.32b 60.70**

) (0.3–1.2)
.56a 0.18 ± 0.78a 13.86**

(0–3.4)
.69a 0.41 ± 1.56a 13.71**

) (0–6.8)
.35 N.D. n.s.

N.D. –
.34a 7.67 ± 3.84a 10.8**

.7) (3.6–19.5)

rent letters in the same line are significantly different (Tukey test
ylamine; PUT, putrescine, CAD, cadaverine; ISO, isoamylamine;

l BA, sum of biogenic amines.



Fig. 1. Plot of the Principal Component Analysis (PCA).
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The principal component analysis (PCA) (Fig. 1), performed
with the Single Value Decomposition (SVD) algorithm after data
autoscaling, explained about 50% of the total variability of the
samples. The first component (LV1) was positively associated
with PUT, HIS, TYR, and pH, and negatively with malic acid con-
tent, discriminating red wines from white ones significantly. The
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Fig. 2. Scatterplot of total biogenic amines (BA) against PUT contents and
correlation coefficient values (b) of each single amine (PUT, HIS and TYR) against
total amines found in Abruzzo wines.
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second component (LV2) was negatively associated with ethanol
and positively with CAD and total SO2 content, discriminating
white wines from the rest of the samples.

Results of biogenic amines content are shown in Table 1. Total
biogenic amines content was significantly higher in red wines
Table 2
Biogenic amines content (mg L�1, mean ± s.d.) in red, rosé and white wines, from wineries o
CC, I, CS), Pescara (Z), Chieti (C, CB, D, O) and L’Aquila (P).

Wineries ETY 2-PHE PUT

Red wines
P 5.53 ± 1.44 N.D. 4.74 ± 0.02
O 4.01 ± 0.86 N.D. 15.99 ± 12.17
D 3.95 ± 1.17 N.D. 6.85 ± 2.32
CB 1.54 ± 0.62 N.D. 3.76 ± 1.25
C 3.86 ± 1.32 N.D. 8.54 ± 2.19
Z 2.54 ± 0.92 N.D. 8.42 ± 1.03
CS 2.04 ± 0.63 N.D. 6.37 ± 2.96
I 3.51 ± 0.59 N.D. 8.49 ± 6.65
CC 1.87 ± 0.25 N.D. 5.48 ± 0.30
MD 3.63 ± 0.95 N.D. 5.65 ± 0.93

Rosé wines
P 5.99 ± 4.92 1.28 ± 0.25 5.63 ± 4.13
O 3.18 ± 2.03 N.D. 2.01 ± 0.73
D 1.90 ± 0.25 N.D. 2.67 ± 0.82
CB 4.58 ± 1.03 N.D. 3.09 ± 0.97
C 3.08 ± 0.89 N.D. 2.28 ± 0.45
Z 4.34 ± 3.06 N.D. 5.80 ± 5.80
CS 3.60 ± 0.76 N.D. 2.80 ± 0.32
I 1.48 ± 0.10 N.D. 2.39 ± 0.88
CC 1.60 ± 0.33 N.D. 1.95 ± 0.12
MD 2.19 ± 0.42 N.D. 3.38 ± 0.65

White wines
P 5.61 ± 4.14 N.D. 7.00 ± 8.21
O 7.00 ± 1.48 N.D. 0.88 ± 0.05
D 4.03 ± 3.18 N.D. 1.69 ± 0.35
CB 4.02 ± 3.52 N.D. 1.43 ± 0.10
C 3.70 ± 1.60 N.D. 1.87 ± 0.21
Z 2.90 ± 1.30 N.D. 1.60 ± 0.35
CS 5.38 ± 0.94 N.D. 2.87 ± 0.21
I 2.44 ± 0.18 N.D. 1.82 ± 0.82
CC 1.53 ± 0.57 N.D. 1.53 ± 0.42
MD 2.37 ± 0.89 N.D. 1.23 ± 0.41

Note: ETY, ethylamine; b-PHE, b-phenylethylamine; PUT, putrescine, CAD, cadaverine
detectable.
(19.3 ± 12.8 mg L�1) than in white (7.67 ± 3.84 mg L�1) and rosé
(9.20 ± 6.34 mg L�1). Total biogenic amines correlated with PUT
(b = 0.94), HIS (b = 0.91), and TYR (b = 0.898) amounts (Fig. 2),
while no significant correlations were observed with the other
amines.

ETY was present in all samples, at variable concentrations and
without significant differences among the wines. However this
amine could not be efficiently determined, due to an interfering
peak. In many samples b-PHE and SPD were not detectable, while
ISO and SPM have never been detected (<LOD value).

In general, red wine contained relatively high amounts of dia-
mine PUT as well as the biologically active amines HIS and TYR.
The content of these biogenic amines was significantly higher than
those found in rosé and white wine. Similar results have been re-
ported by Soleas, Dam, Carey, and Goldberg (1999) in Ontario wine,
by Landete, Ferrer, Polo, and Pardo (2005) and Bover-Cid, Iquierdo-
Pulido, Mariné-Font, and Vidal-Carou (2006) in Spanish wines, and
by La Torre et al. (2010) in a study on Sicilian white, red and sweet
wines. Furthermore Galgano et al. (2011) suggested that PUT, HIS
and TYR could be used as markers to discriminate Apulian wines
from other red wines of Southern Italy.

In this study, PUT was detected in all the samples and its con-
centrations was much higher in red wines that in the rosé and
white wines. Similar results have been reported by Bover-Cid
et al. (2006) in red and white wines. Generally red wine vinifica-
tion is carried out in presence of grape skin and pulp, and PUT
could be released from these into the must (Broquedis, Dumery,
& Boucard 1989). During vinification, PUT can also originate from
the microbial decarboxylation of ornitine or from arginine via agm-
atine (Guerrini, Mangani, Granchi, & Vincenzini, 2002). In Abruzzo
f different Abruzzo provinces: Teramo (wineries identified with alphabetical code: MD,

CAD ISO HIS TYR SPD

N.D. N.D. 1.25 ± 0.41 5.60 ± 7.92 N.D.
0.45 ± 0.55 N.D. 7.21 ± 3.77 11.94 ± 7.79 N.D.
0.28 ± 0.39 N.D. 1.71 ± 1.27 3.41 ± 1.96 N.D.
N.D. N.D. 0.51 ± 0.89 2.14 ± 1.46 N.D.
N.D. N.D. 3.82 ± 1.43 11.93 ± 2.55 N.D.
N.D. N.D. 3.98 ± 0.98 6.48 ± 1.26 N.D.
N.D. N.D. 2.80 ± 2.46 2.91 ± 2.54 N.D.
N.D. N.D. 1.86 ± 2.63 1.90 ± 2.69 N.D.
N.D. N.D. 2.56 ± 1.75 2.98 ± 0.92 N.D.
N.D. N.D. 0.72 ± 0.06 2.46 ± 1.71 N.D.

0.91 ± 0.11 N.D. 2.17 ± 3.07 0.61 ± 0.00 N.D.
1.02 ± 0.07 N.D. 0.73 ± 0.69 0.27 ± 0.23 N.D.
0.87 ± 0.30 N.D. N.D. 0.33 ± 0.47 N.D.
0.89 ± 0.13 N.D. N.D. 0.69 ± 0.04 N.D.
0.77 ± 0.10 N.D. N.D. 0.53 ± 0.13 N.D.
0.95 ± 0.08 N.D. 0.20 ± 0.28 5.42 ± 7.67 0.70 ± 0.99
1.10 ± 0.05 N.D. N.D. N.D. N.D.
0.73 ± 0.02 N.D. N.D. N.D. N.D.
0.83 ± 0.03 N.D. N.D. N.D. N.D.
0.84 ± 0.09 N.D. 2.77 ± 1.89 0.70 ± 0.00 N.D.

0.67 ± 0.10 N.D. 1.70 ± 2.40 N.D. N.D.
0.41 ± 0.58 N.D. N.D. N.D. N.D.
0.79 ± 0.07 N.D. N.D. N.D. N.D.
0.36 ± 0.51 N.D. N.D. N.D. N.D.
0.97 ± 0.04 N.D. N.D. N.D. N.D.
1.03 ± 0.23 N.D. N.D. 0.93 ± 0.62 N.D.
1.11 ± 0.10 N.D. N.D. N.D. N.D.
0.86 ± 0.10 N.D. N.D. 3.40 ± 4.81 N.D.
1.06 ± 0.25 N.D. N.D. N.D. N.D.
0.93 ± 0.09 N.D. N.D. N.D. N.D.

; ISO, isoamylamine; HIS, histamine; TYR, tyramine; SPD, spermidine; N.D. not
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wines, the correlation coefficient (b) resulting between PUT and
malic acid content was significant (b = �0.69, p < 0.05).

The presence of PUT has been associated with the secondary
fermentation (MLF) and in particular with the activity of Oenococ-
cus oeni strains (Gardini et al., 2005; Mangani, Guerrini, Granchi, &
Vincenzini, 2005) although it has been demonstrated that Lactoba-
cillus hilgardii and Lactobacillus plantarum are able to produce PUT
during alcoholic fermentation (Arena & Manca de Nadra, 2001; Lu-
cas et al., 2007; Marcobal, de las Rivas, Moreno-Arribas, & Muñoz,
2004; Nannelli et al., 2008), using substrates from autolysis of
yeast wine strains.

Some authors have demonstrated that MLF has a major influ-
ence on the level of PUT in Spanish red wines (Izquierdo Cañas,
Garcia Romero, Gomez Alomnso, Fernandez Gonzalez, & Palop Her-
reros, 2008; Vazquez-Lasa, Iñiguez-Crespo, González-Larraina, &
González-Guerrero, 1998), while the others physiologically active
amines could be produced during alcoholic and malolactic fermen-
tation, or originates from grapes too. In particular, Hernández-Orte
et al. (2008), in a study carried out on must and wines from Temp-
ranillo and Cabernet Sauvignon varieties, found that HIS has a fer-
mentative origin, as it could not be detected in any of analysed
samples of must, but it was detected mainly associate to yeasts
activity in Tempranillo wine; other authors detected a large in-
Fig. 3. Biogenic amines content (mg 100 L�1) in red, r
crease of TYR during spontaneous MLF in Tempranillo red wine (Iz-
quierdo Cañas et al., 2008).

CAD were determined in the Abruzzo wines even if in very
small amount (<1.5 mg L�1) and significantly higher in white and
rosè wine (Table 1). Although most biogenic amines formation in
wine is attributes to the action of bacteria involved in MLF (Marco-
bal, Martín-Alvarez, Polo, Muñoz, & Moreno-Arribas, 2006), some
study demonstrated that amines are formed during alcoholic fer-
mentation, even from the very beginning, because of the involve-
ment of yeasts and moulds in this action (Grossmann et al.,
2007; Torrea & Ancín, 2002). Caruso et al. (2002) observed that
wine yeasts can vary on biogenic amines production depending
on the species and fermentative power; in particular, among tested
wine yeasts, Candida stellata strains, exhibited a good fermentative
power (similarly to Saccharomyces cerevisiae strains) and also
showed capacity to produce CAD.

Finally, SPM resulted always absent in Abruzzo wines and SPD
was only detected in rosè wines, at very low amount. Results were
in agreement with the fact that vegetal products usually contain
more SPD that SPM (Bardòcz, 1995). In wines polyamines might
originate from grapes and/or from yeast lysis (Broquedis et al.,
1989); therefore the low amount of SPD in rosè wines could be ex-
plained taking in account that yeasts are enable to liberate poly-
amines in significant amount. The significantly decreasing of
osè (a) and white (b) wines from Abruzzo region.
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endogenous SPD, during winemaking could be due to the growth of
lactic acid bacteria (Landete et al., 2005), to potential consumption
by alcoholic fermentative yeasts or to spontaneous chemical deg-
radation (Bover-Cid et al., 2006).

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.

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 (Martín-Álvarez et al., 2006). In some wineries
examined in the present study there seems to be a predominance
of decarboxylating positive microbiota. In fact, in Table 2 can be
observed that certain amines are present only in certain produc-
tions (e.g., b-PHE in rosé wine from encoded winegrower P, or
SPD in rosé by winegrower Z).

Recently Costantini et al. (2009), in a survey of 30 commercial
starters (14 of S. cerevisiae and 16 of O. oeni), found some yeast con-
taminated with decarboxylating positive bacteria (by PCR analysis
and sequencing), showing that the problem of the presence of
amines in wines is not completely solved even if the fermentation
is carried out by commercial starter strains.

In this study the influence of vintage on the occurrence of bio-
genic amines was not observed, whilst, among the products of the
same winery, significantly higher content of amines causing toxi-
cological effects has been determined in Reserve Montepulciano
COD wine (sum of PUT + HIS + TYR: 21.6 ± 0.7 mg L�1) compared
to the TGI one (sum of PUT + HIS + TYR: 15.7 ± 1.6 mg L�1). Higher
levels of biogenic amines in the CDO reserve could be explained by
the influence of the aging treatments, also reported by other
authors (Hernández-Orte et al., 2008). They evaluated the effect
of aging processes on biogenic amines in Spanish wines, Tempran-
illo and Cabernet Sauvignon, in which the content of HIS was pos-
itively correlated with time, increasing from 1 mg L�1 (20 days) up
to 6 mg L�1 (after 6 months of aging). Some lactic acid bacteria sur-
vive during aging and are able to preserve the amino acid decar-
boxylase activity, and increasing the pH value there is the
possibility of development and metabolic activity of a greater
number of microbial cells, with raising of biogenic amines accumu-
lation (Lonvaud-Funel, 2001). Moreno-Arribas and Lonvaud-Funel
(1999) studied the influence on tyrosine decarboxylase enzyme
activity of several compounds naturally present in wines; results
of this study showed that citric acid, lactic acid and ethanol had
an inhibitory effect on cells and crude extract, but none could inhi-
bit enzyme activity at the usual concentrations in wines.
3.3. Defining a biogenic amines safety threshold for wines

In order to evaluate the risks associated with the consumption
of Abruzzo wines, it must be also considered that, for a proper
nutrition, the recommended doses of wine per meal are about
100–200 mL (for woman and man consumer, respectively). In
Fig. 3 are shown the amounts of biogenic amines found in
100 mL of the investigated red, rosè and white wines. The results
of this study have shown that in investigated samples there is
occurrence of TYR, PUT, and HIS (red > rosé > white wines), but
their levels are not alarming, especially with regard to HIS and
TYR, the most important cause of intolerance to wine (Konakovsky
et al., 2011).

The biogenic amines content found in this study must be inter-
preted in the light of the toxicology studies on consumers, shown
in the recent report of the European Food Safety Authority (EFSA
Journal, 2011). From these studies it was found that levels of HIS
and TYR, the main recognised amines responsible for such phe-
nomena, have different safety threshold values depending on the
physiological conditions of consumers (Lüthy & Schlatter, 1983;
Menne, Bodmer, & Amon, 2001).

Whereas in most samples HIS was detected at very low levels
(<0.5 mg 100 mL�1) (Fig. 3), their recruitment is still considered
safe for patients without histamine intolerance (Soufleros, Barrios,
& Bertrand, 1998); however, it should be emphasised that the pos-
sible reactions to histamine intolerant consumers are considered
variables also for the other foods eaten at one meal and potentially
rich in amines (e.g. salami, cheese) (Shalaby, 1996).

Finally, with regard to the risk associated with TYR, the low lev-
els (<2 mg 100 mL�1) detected in Abruzzo wines should not trigger
significant toxic effects even in patients treated with classical
MAOI drugs and even less in patients under new generation MAOI
treatment, so called RIMA (reversible inhibitors of MAO-A) (Patat
et al., 1995).
4. Conclusion

The present study has allowed to hypothesise the possible fac-
tors influencing the accumulation of biogenic amines in Abruzzo
wines (grape cultivars, origin of grape, elaboration method of the
wine, wineries), though further researches are needed to better
know the action of winegrowers (e.g. type of organic and non or-
ganic fertiliser, etc.) and winemaking conditions (commercial
starters and/or native microbiota; integration nitrogen and sulph-
iting of musts; aging times; others factors).

Results have demonstrated that the quantities of biogenic
amines found in Abruzzo wines are not alarming, especially with
regard to histamine and tyramine, the subject of toxicological
interest.

For subjects in specific physiological conditions (histamine
intolerance, taking classical MAOI or RIMA drugs) the risk of creat-
ing toxic reactions is related to the composition of the whole meal,
not only the consumption of wine.

It would be desirable in the future, after more extensive collec-
tion of toxicological data and after extensive information campaign
too, to establish a regulatory system (like sulfites) allowing to read
a label showing the values of biogenic amines present in wines or,
better, by specifying their absence (e.g. histamine and/or tyramine
free) in order to achieve two objectives: (1) avoid unpleasant ef-
fects and make consumers more conscious; (2) in case of levels
of biogenic amines below the threshold limit of toxicity, the con-
sumption of these wines could be allowed for sensitive consumer
rather than be a priori forbidden.
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Karovičová, J., & Kohajdová, Z. (2005). Biogenic amines in food. Chemical Papers,
59(1), 70–79.

Konakovsky, V., Focke, M., Hoffmann-Sommergruber, K., Schmid, R., Scheiner, O.,
Moser, P., et al. (2011). Levels of histamine and other biogenic amines in high-
quality red wines. Food Additives & Contaminants. Part A, Chemistry, Analysis,
Control, Exposure & Risk Assessment, 28(4), 408–416.

La Torre, G. L., Rando, R., Saitta, M., Alfa, M., Maisano, R., & Dugo, G. (2010).
Determination of biogenic amine and heavy metal contents in Sicilian wine
samples. Italian Journal of Food Science, 22, 29–40.

Landete, J. M., Ferrer, S., Polo, L., & Pardo, I. (2005). Biogenic amines in wines from
three Spanish regions. Journal of Agricultural and Food Chemistry, 53, 1119–1124.
Lehtonen, P. (1996). Determination of amines and amino acids in wine: A review.
American Journal of Enological Viticolture, 47(2), 127–133.

Lonvaud-Funel, A. (2001). Biogenic amines in wine: Role of lactic acid bacteria.
FEMS Microbiology Letters, 199, 9–13.

Lucas, P. M., Blancato, V. S., Claisse, O., Magni, C., Lolkema, J. S., & Lonvaud-Funel, A.
(2007). Agmatine deiminase pathway genes in Lactobacillus brevis are linked to
the tyrosine decarboxylation operon in a putative acid resistance locus.
Microbiology, 153, 2221–2230.

Lüthy, J., & Schlatter, C. (1983). Biogene amine in lebensmitteln: Zur Wirkung von
histamin, tyramin und phenylethylamin auf den menschen. Zeitschrift für
Lebensmitteluntersuchung und-forschung, 177, 439–443.

Mangani, S., Guerrini, S., Granchi, L., & Vincenzini, M. (2005). Putrescine
accumulation in wine: Role of Oenococcus oeni. Current Microbiology, 51, 6–10.

Marcobal, A., de las Rivas, B., Moreno-Arribas, M. V., & Muñoz, R. (2004).
Identification of the ornithine decarboxylase gene in the putrescine producer
Oenococcus oeni BIFI-83. FEMS Microbiology Letters, 239, 213–220.

Marcobal, A., Martín-Alvarez, P. J., Polo, M. C., Muñoz, R., & Moreno-Arribas, M. V.
(2006). Formation of biogenic amines throughout the industrial manufacture of
red wine. Journal of Food protection, 69, 391–396.

Marques, A. P., Leitão, M. C., & San Romão, M. V. (2008). Biogenic amines in wines:
Influence of oenological factors. Food Chemistry, 107, 853–860.

Martín-Álvarez, P. J., Marcobal, A., Polo, C., & Moreno-Arribas, M. V. (2006).
Influence of technological practices on biogenic amine contents in red wine.
European Food Research Technology, 222, 420–424.

Maynard, L. S., & Schenker, V. J. (1996). Monoamine-oxidase inhibition by ethanol
in vitro. Nature, 196, 575–576.

Menne, A., Bodmer, S., & Amon, U. (2001). Der Sektprovokationstest in der
Diagnostik einer enteralen Histaminose. Aktuelle Dermatologie, 27, 310–314.

Moreno-Arribas, V., & Lonvaud-Funel, A. (1999). Tyrosine decarboxylase activity of
Lactobacillus brevis IOEB 9809 isolated from wine and L. brevis ATCC 367. FEMS
Microbiology Letters, 180, 55–60.

Nannelli, F., Claisse, O., Gindreau, E., de Revel, G., Lonvaud-Funel, A., & Lucas, P. M.
(2008). Determination of lactic acid bacteria producing biogenic amines in wine
by quantitative PCR methods. Letters in Applied Microbiology, 47, 594–599.

OIV Guides. (2011). OIV code of good vitivinicultural practices in order to minimise
the presence of biogenic amines in vine-based products. CST, 369–2011.

Patat, A., Berlin, I., Durrieu, G., Armand, P., Fitoussi, S., Molinier, P., et al. (1995).
Pressor effect of oral tyramine during treatment with befloxatone, a new
reversible monoamine oxidase-A inhibitor, in healthy subjects. Journal of
Clinical Pharmacology, 35(6), 633–643.

Pérez-Serradilla, J. A., & Luque de Castro, M. D. (2008). Role of lees in wine
production: A review. Food Chemistry, 111, 447–456.

Pozo-Bayón, M. A., Monagas, M., Bartolomè, B., & Moreno-Arribas, V. (2012). Wine
futures related to safety and consumer health: An integrated perspective.
Critical Reviews in Food Science and Nutrition, 52(1), 31–54.

Pramateftaki, P. V., Metafa, M., Kallithraka, S., & Lanaridis, P. (2006). Evolution of
malolactic bacteria and biogenic amines during spontaneous malolactic
fermentations in a Greek winery. Letters in Applied Microbiology, 43(2), 155–160.

Ribéreau-Gayon, P., Dubordieu, D., Donèche, B., & Lonvaud, A. (2006). The
microbiology of wine and vinification. In P. Ribéreau-Gayon (Ed.). Handbook
of enology (2nd ed.) (Vol. 1). Chichester, England: Wiley.

Shalaby, A. R. (1996). Significance of biogenic amines to food safety and human
health. Food Research International, 29(7), 675–690.

Smit, A. Y., du Toit, W. J., & du Toit, M. (2008). Biogenic amines in wine:
Understanding the headache. South African Journal of Enology and Viticulture,
29(2), 109–127.

Soleas, G. J., Dam, J., Carey, M., & Goldberg, D. M. (1999). Toward the fingerprinting
of wines: Cultivar-related patterns of polyphenolic constituents in Ontario
wines. Journal of Agricultural and Food Chemistry, 45, 3871–3880.

Soufleros, E., Barrios, M. L., & Bertrand, A. (1998). Correlation between the content of
biogenic amines and other wine compounds. American Journal of Enological
Viticolture, 49, 266–278.

Stratton, J. E., Hutkin, R. W., & Taylor, S. L. (1991). Biogenic amines in cheese and
other fermented foods: A review. Journal of Food Protection, 54, 460–470.

Tofalo, R., Schirone, M., Telera, G. C., Manetta, A. C., Corsetti, A., & Suzzi, G. (2011).
Influence of organic viticulture on non-Saccharomyces wine yeast populations.
Annals of Microbiology, 61(1), 57–66.

Torrea, D., & Ancín, C. (2002). Content of biogenic amines in a Chardonnay wine
obtained through spontaneous and inoculated fermentations. Journal of
Agricultural and Food Chemistry, 50, 4895–4899.

Vazquez-Lasa, M. B., Iñiguez-Crespo, M., González-Larraina, M., & González-
Guerrero, A. (1998). Biogenic amines in Rioja wines. American Journal of
Enology and Viticulture, 49, 229.


	Biogenic amines content as a measure of the quality of wines of Abruzzo (Italy)
	1 Introduction
	2 Material and methods
	2.1 Sampling
	2.2 Reagents and apparatus
	2.3 Analytical procedures
	2.4 Statistical treatment of the data

	3 Results and discussion
	3.1 Chemical and chemico-physical characteristics of Abruzzo wines
	3.2 Biogenic amines occurrence in Abruzzo commercial wines
	3.3 Defining a biogenic amines safety threshold for wines

	4 Conclusion
	Acknowledgements
	References


