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Abstract

Polyamines and their amino acid precursors were determined in Grenache and Syrah grapes and in wines made from these grapes. The
compounds analysed were the polyamines putrescine, spermidine, and spermine, in addition to their precursors, ornithine, agmatine and
arginine. The analytes were determined by reversed-phase high performance liquid chromatography (HPLC) with fluorescence detection
using FMOC (fluorenylmethylchloroformate) as a pre-column derivatising agent Grape clusters were sampled from flowering to full
maturity at different developmental stages. In addition, different berry parts were analysed separately from half veraison onwards. It
appears that at berryset there is a decrease in the concentration of arginine, whereas polyamine concentrations remain constant at this
stage. Concentrations of polyamines increased from must to alcoholic to malolactic fermentation; putrescine was the most abundant in
wine (mean concentration after malolactic fermentation, MLF was 4.93 mg/1) followed by spermidine and then spermine (mean concen-
trations after MLF were 1.84 and 0.17 mg/l, respectively). In three of the four fermentation sites concentrations of all three compounds
were greater in Syrah than in Grenache wines. In both varieties, it appears that polyamine biosynthesis occurs preferentially from argi-
nine via agmatine. In all cases, concentrations of polyamines found in these grapes and wines were significantly below the levels typically
found in other fermented foods.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Polyamines amines are found in a wide range of food
products, particularly protein-rich foods (Taylor, Hui, &
Lyons, 1984) of both animal and plant origin, as well as
in fermented products generally (Joosten, 1987; Vidal-
Carou, Izquierdo-Pulido, Martin, & Mariné Font, 1990).
They occur at low concentrations in wines and beers
(Aerny, 1990; Ingargiola & Bertrand, 1992; Vidal-Carou,
Isla Gavin, Marine Font, & Codony Salcedo, 1989) where
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they are usually considered as markers of microbial spoil-
age during wine storage or during the technological stages
in winemaking.

The demand by consumers for better and healthier
foods has led to renewed interest in polyamines and bio-
genic amines, given their importance for human health
and food safety. The aliphatic polyamines, putrescine,
cadaverine, spermine and spermidine, are pharmacologi-
cally active and reportedly toxic (Tabor & Tabor, 1964;
Til, Falke, Prinsen, & Willems, 1997). Putrescine and
cadaverine play an important role in food poisoning as
they can enhance the toxicity of histamine (Cinquina
et al., 2004). They play an essential part in tissue growth,
and because of this, it has been suggested that they may
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be involved in the development of tumors (Seiler, 1990;
Tabor & Tabor, 1984). Furthermore, putrescine and
cadaverine can react with nitrite to form heterocyclic
nitrosamines which are carcinogenic (Hotchkiss, 1989).

The presence and role of polyamines in grape berries
have been studied for some years. In the vine, potassium
deficiency increases the putrescine content in leaves
(Adams, Franke, & Christensen, 1990; Adams, Bates,
Adams, & Franke, 1992; Ruiz & Moyno, 1998). In plants,
and particularly in Vitis vinifera, it appears that in addition
to their metabolic functions, polyamines may act as growth
factors (Geny, Broquedis, Martin-Tanguy, & Bouard,
1997) or are produced as response factors to unfavorable
conditions, such as excessive nitrogen fertilization, or min-
eral deficiency (Adams et al., 1990, 1992; Broquedis, Dum-
ery, & Bouard, 1989); for example, elevated concentrations
of putrescine were found in the leaves of potassium-defi-
cient V. vinifera (Bertrand, Ingargiola, & Delas, 1991).
Polyamines are found at all the stages of the vegetative
cycle of the vine and particularly during berry development
(Broquedis & Bouard, 1990; Lespy-Labaylette, Broquedis,
Soyer, & Bouard, 1994), but they occur in low concentra-
tions in wines (Bauza, Kanny et al., 1995): concentrations
of spermidine, spermine and cadaverine rarely exceed mg/
I levels, whereas the concentration of putrescine can
increase considerably during fermentation.

Spermine and spermidine are derived from putrescine
which is derived either from ornithine or from arginine,
via the formation of agmatine. Which of these two biosyn-
thetic pathways predominates depends on the species and
on the stage of development within a given species (Bauza,
Blaise, Daumas, & Cabanis, 1995).

There are several literature reports describing the pres-
ence of polyamines in grapes and wines (Aziz, 2003;
Bover-Cid, Iquierdo-Pulido, Mariné-Font, & Vidal-Carou,
2006; Fernandes & Ferreira, 2000; Herbert, Cabrita, Rat-
ola, Laureano, & Alves, 2005; Leitao, Marques, & San
Romao, 2005; Lozanov, Petrov, & Mitev, 2004; Paschali-
dis, Aziz, Geny, Primikirios, & Roubelakis-Angelakis,
2001; Shiozaki, Ogata, & Horiuchi, 2000; Soleas, Carey,
& Goldberg, 1999; Soufleros, Barrios, & Bertrand, 1998;
Vidal-Carou, Lahoz-Portolés, Bover-Cid, & Mariné-Font,
2003) but little data are available on the concentrations
of these compounds specifically in the grapes and wines
of Syrah and Grenache noir, the principal cultivars in the
Southern Rhone Valley. The climate in this area is charac-
terized by dry, hot summers and drought conditions for
at least three months. The soil is composed of sandy
marl, alluvium and large, gravely clay and hard stony
terraces.

The purpose of this study was to obtain a greater under-
standing of the evolution of polyamines during the growth
stages of the grapeberry and during winemaking. Putres-
cine, spermidine, spermine, as well as their precursor amino
acids agmatine, arginine and ornithine were determined in
Grenache noir and Syrah at different points according to
the Baggiolini (1952) stages of berry development and in

wines produced from these grapes at four different fermen-
tation sites.

The classical analytical method for the determination of
biogenic amines in wines by HPLC uses precolumn deriva-
tization with o-phthaldialdehyde (OPA). This derivatising
agent gives good results for primary amines, but it was
found that it gave a very poor response with the secondary
amine functions of spermine and spermidine. The use of
fluorenylmethylchloroformate (FMOC) for this type of
application (Bauza, Kanny et al., 1995; Bellagamba et al.,
1997; Ekegren & Gomes-Trolin, 2005; Herbert et al.,
2005) allows the direct analysis of the polyamines putres-
cine, spermine and spermidine, simultaneously with other
amines.

2. Materials and methods
2.1. Sampling and preparation of the plant material

For both cultivars, samples were taken from batches of
20 vinestocks selected at random in five plots; each plot was
homogeneous in terms of vine development, soil composi-
tion, exposure to sunlight and cultural techniques. Samples
were taken at the different phenological stages of berry
development as defined by Baggiolini (1952): separate flo-
ral buds (III), clusters at flowering (IV), berryset (V), ber-
ries at half ripening (stage VI), full ripening (VII) and
maturity (VIII).

From stage III to stage VIII, samples consisted of
approximately 100 g whole of grape clusters accurately
weighed. In addition, from stages VI to VIII, 200 berries
were collected from each plot and divided into skin, pulp,
stalks, and seeds for separate analysis. The weighed sam-
ples were homogenized in liquid nitrogen, freeze-dried
and re-weighed in order to determine the dry weight. The
dried samples were used for analysis and results expressed
as mg/kg dry weight.

2.2. Wine sampling

Grapes harvested from the five plots were fermented at
four different winemaking sites — G1-G4 for Grenache noir
and S1-S4 for Syrah. Duplicate samples of the wines were
analyzed first during alcoholic fermentation (AF) when the
density reached the 1.04 then at the end of malolactic fer-
mentation (MLF) which in this instance study occurred
immediately after AF.

2.3. Extraction of amino compounds from plant material

The dried samples were extracted in duplicate by adding
a 5% (v/v) perchloric acid solution according to the method
of Flores and Galston (1982) for the extraction of free poly-
amines from plants (Geny et al., 1997). The volume of acid
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solution was adapted to sample size and was equivalent to
10 ml of acid solution for 2 g of sample (fresh weight). After
12 h soaking at ambient temperature with intermittent agi-
tation, the solid parts were separated by centrifugation and
the supernatant containing the amines and their precursors
was then derivatized for HPLC analysis.

2.4. Separation and quantification by HPLC

The amino acids and polyamines were supplied by
Fluka (Busch, Switzerland). Two stock solutions were pre-
pared in 0.1 M hydrochloric acid, one containing 1 g/1 of
the polyamines and the other containing 1 g/l of the amino
acids. These solutions were stable for eight weeks when
stored at 4 °C. Working solutions containing 10 mg/l of
the amino acids and agmatine and 1 mg/1 of the other poly-
amines were prepared daily by appropriate dilution of the
stock solutions.

The compounds were analysed using a validated
method which was previously reported for the determina-
tion of these nitrogen compounds by HPLC with pre-col-
umn derivatisation (Bauza, Blaise et al., 1995). This
automated procedure may carried out in the autosampler
of the HPLC chromatograph. A 20 pl aliquot of wine or
acid extract of grape samples were placed in a 700 pl
amber vial and mixed with 50 ul borate buffer pH 8.5
and 100 pl fluorenylmethyl-chloroformate FMOC (Fluka,
Buchs, Switzerland) 8 mg/1 in acetonitrile. After 3 min,
50 ul of a 0.55 M ammonia solution was added followed
by 300 pl of a quenching solution (CH;CN/CH;COOH/
H,0: 20/2/3).

The derivatised amines were separated on a Superspher
100 RP 18, 125 mm x 4 mm, 5 um column (Hewlett-Pack-
ard), and detected by spectrofluorimetry (Agye. 263 nm, Aoy
313 nm). A data analysis processor (type Vectra 286-S-20
Hewlett-Packard) controlled the quaternary pump (model
1050 Hewlett-Packard), the auto-sampler tray (model
1050 Hewlett-Packard) and the spectrofluorimetry detector
(model 1046A Hewlett-Packard).

The two groups of compounds were separated with the
same binary mobile phase operated under different gradient
elution conditions. Solvent A consisted of acetonitrile-octa-
nol 2 (100/1); solvent B consisted of [acetonitrile-phospho-
ric acid—N,N-dimethylcyclohexylamine-water (150/5/10/
835)]. In both cases, the injection volume was 5 ul, and the
flow rate 0.7 ml/min.

Gradient programme

Amino acids

85% B: 5 min
85-70% B: 5-30 min
70-30% B: 30—60 min
30-85% B: 60-70 min

Polyamines

40-30% B: 0-20 min
30-10% B: 20-30 min
10-40% B: 30-40 min

Full details of the methods are available in a previously
published report (Bauza, Blaise et al., 1995).

3. Results and discussion
3.1. Polyamine analysis in grapes

In order to test the repeatability of the method, the coef-
ficients of variation (% CV) of the analyses were deter-
mined using seven extracts of whole clusters at half
ripening. The % CV values obtained were similar to those
reported in literature (Geny et al., 1997): arginine 1.8%,
putrescine 7.3%, spermidine 8.8% and spermine 8.6%.
The higher CV values may be explained by the low concen-
trations of putrescine, spermidine and spermine (approxi-
mately 1-10 mg/l) present in the samples.
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Fig. 1. (a) Evolution of putrescine (PUT), spermidine (SPD) spermine
(SPM) and agmathine (AGM) in grape berries of Syrah and Grenache
from floral buds to maturity, (b) evolution of arginine (ARG) in grape
berries of Syrah and Grenache from floral buds to maturity. Separate
floral buds (stage I11), clusters at flowering (stage IV), berryset (stage V),
berries at half ripening (stage VI), full ripening (stage VII) and maturity
(stage VIII). Concentrations are in mg/kg of dry weight.
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Fig. 1a shows the evolution of putrescine, spermidine,
spermine and agmatine in plant parts of Syrah and Gre-
nache from stage III (separate floral buds) to stage VIII
(maturity). It may be observed that maximum concentra-
tions of putrescine, spermidine and spermine occurs at
stage IV (clusters at flowering) in both varieties, and also
that the relative concentrations of the three compounds
are spermidine > putrescine > spermine. These observa-
tions concur with data reported in previous studies on free
polyamine levels in various organs of V. vinifera during
anthesis (Geny et al., 1997). Spermidine increases signifi-
cantly between stages III and IV and then decreases
between stages IV and V after which its concentration does
not change significantly. Spermine accounts for 7% of the
total free polyamine (FPA) concentration at stage IV; its
evolution is similar to that of spermidine, though at a con-
centration six to seven times lower. The reduction in the
concentration of the polyamines from stage IV onwards
may be explained by the fact that as the berry ripens these
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Fig. 2. Evolution of the concentrations (mg/kg dry weight) of individual biogenic amines in different berry parts of Syrah and Grenache grapes. (a)
Putrescine; (b) spermidine; (c) spermine; (d) arginine. Stages as per Fig. 1.

Skin stages
Stalk stages
Seed stages

T. Bauza et al. | Food Chemistry 105 (2007) 405-413

compounds become less essential to berry development.
Interestingly, the highest concentrations of agmatine (a rec-
ognized precursor of putrescine) occur at stage III. Shio-
zaki et al. (2000) also found that putrescine, spermidine
and spermine were the predominant free polyamines in
the pericarp and seeds of grape berries and that putrescine,
and particularly spermidine were found at higher levels in
the early developmental stages. Elevated concentrations
of free polyamines in the early phase of fruit development
was also reported in fruits of other species (Biasi, Bagni, &
Costa, 1988; Ponappa & Miller, 1996), in which the direct
involvement of polyamines in cell division has been pro-
posed. It has further been suggested that high levels of free
putrescine and spermidine during early development
maybe associated with cell proliferation in the pericarp.
To establish the existence of possible correlations between
these compounds during the growing stages of the vine, a
non-parameter Spearman test was used as the variables
were non-Gaussian. The correlations matrix obtained
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showed that the results were similar for Grenache noir and
Syrah grapes and that variations in the concentrations of
putrescine are statistically correlated to those of spermi-
dine, spermine and agmatine (p < 0.01).

The evolution of arginine concentrations are shown on a
separate graph (Fig. 1b) in view of the large concentration
difference between this and the other amines. It may be
seen that there is a sharp increase in the concentration of
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arginine at the end of ripening reaching maxima of approx-
imately 1400 and 1700 mg/kg in Syrah and Grenache
grapes, respectively. Results also showed that there is prob-
ably an inverse correlation between the evolution of argi-
nine and the various polyamines. Like the polyamines,
there is a concentration peak for arginine at stage IV,
though interestingly, concentrations decrease dramatically
between stages IV and V before increasing sharply through
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Fig. 3. Concentrations (mg/l) of polyamines from must to alcoholic fermentation (AF) to malolactic fermentation (MLF). (a) Putrescine; (b) spermidine;

(c) spermine; (d) agmathine; (e) arginine.
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stages VI-VIII. Stage V coincides with a key period in the
ripening process: at this point large amounts of compounds
start accumulating in the berry and it is possible that the
amino acids present in the berry at this point are used for
protein synthesis, which would explain the reduction in
their concentration at this point.

The evolution of the concentrations of individual amines
was studied in the different berry parts (pulp, skin, stalks
seeds). The first observation that may be made from
Fig. 2 is that the concentration of putrescine (Fig. 2a)
decreases from stage VI to stage VIII in the pulp, skin,
stalk and seeds of both grape varieties and concentrations
are higher in Syrah than in Grenache grapes. Results are
more variable for spermidine (Fig. 2b); concentrations of
this compound decrease from stages VI to VII in the pulp
and in the stalk, whereas concentrations increase in the
seeds skin and with the exception of stage VII for Syrah
grapes in the skins also. Grenache seeds are richer than
Syrah seeds in spermidine whereas the pulp of Syrah con-
tains slightly more of this compound. The distribution
and evolution of spermine (Fig. 2c) follow similar patterns,
in that concentrations increase in the pulp, skin and seeds
from stages VI to VIII though the concentration of sperm-
ine decreases in the stalks. As in the case of putrescine,
Syrah grapes are richer than Grenache in these
compounds. The concentrations of arginine (Fig. 2d) are
substantially higher (100-500 mg/l) than the other com-
pounds, and as was seen with the whole berries, increase
from stages VI to VIII although, highest concentrations
are found in the skin and stalks, rather than in the seeds.

Agmatine was only detected in the seeds of Syrah grapes
and concentrations halved between stages VI and VIII.
This polyamine was detected at concentrations less than
5mg/kg in pulp, skin and stalks Grenache noir grapes
and then only at stage VI or VII.

The observed differences between the concentrations
measured in the earlier and later stages of ripening may
be explained by the complexity of the processes taking
place and the fact that the pulp, stalks and seeds do not
achieve optimum ripeness at the same time. Therefore it
may be concluded that as the berry approaches maturity
there is a general reduction in the concentration of putres-
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cine and an increase in the concentration of arginine, and it
is therefore likely, given the low concentrations of polyam-
ines in the berry at maturity, that their presence in finished
wine is due to their synthesis by microorganisms during the
winemaking process.

3.2. Evolution of polyamines and amino acids during
winemaking

Results are the mean values obtained for the duplicate
sampling and analyses and are expressed as mg/l. Individ-
ual results are given for each of the four fermentation sites
since it was found that there were significant variations in
polyamine concentrations from one site to another.

Fig. 3 shows that putrescine levels increase during fer-
mentation from must (mean concentration 1 mg/l), to alco-
holic fermentation (AF) (mean concentration 1.97 mg/l) to
malolactic fermentation (MLF) (mean concentration
5.37 mg/1). These findings concur with those of Soufleros
et al. (1998), who found that concentrations are low in
must and increase slightly after alcoholic fermentation,
and more significantly during malolactic fermentation.
The same general trends are observed for spermidine and
spermine though at some sites, concentrations are greater
after AF than after MLF. However the concentration of
spermidine and spermine are significantly lower than those
of putrescine, (mean concentrations after MLF of 1.37 and
0.17 mg/1 for spermidine and spermine, respectively). These
observations concur with the results of previous authors
(Anli et al., 2004; Bauza, Blaise et al., 1995; Bauza, Kanny
et al., 1995; Bover-Cid et al., 2006; Fernandes & Ferreira,
2000; Gloria, Watson, Simon-Sarkadi, & Daeschel, 1998)
who found that the order of concentrations of these three
amines in wines were putrescine > spermidine > spermine.
It should, however be pointed out that in all these exam-
ples, as in the present study, significant variations in the
amounts of polyamines found in the individual wine sam-
ples, as may be seen in Table 1 which presents the maxi-
mum, minimum, mean and standard deviation values of
putrescine, spermidine and spermine found in this and
other selected studies. It may be observed that frequently
the values of the standard deviations exceed those of the

Table 1
Maximum, minimum, mean and standard deviations of putrescine, spermidine and spermine in selected studies
Reference Wine type/region Putrescine Spermidine Spermine
Max-—min Mean (£SD) Max-min Mean (£SD) Max-min Mean (£SD)

This study Syrah and Grenache (n = 8) 1.85-6.67 5.37 (1.64) 0.64-3.07 1.37 (1.63) 0.13-0.29  0.17 (0.1)
Bover-Cid et al. (2006) Spanish red wines (n = 30) 3.7-99.9 27.7 (30.3) ND-2.64 0.3 (0.6) ND ND
Anli et al. (2004) Turkish red wines (n = 30) ND-5.92 0.88 (1.29) ND 2.19  0.44 (0.53) ND-1.75  0.46 (0.39)
Fernandes and Ferreira (2000) Port wine, table wines 0.15-11.95 ND-0.70 ND-0.04
Gloria et al. (1998) Pinot noir (n = 36) 2.43-203.12 27.47 (39.95) ND-2.35 0.6 (0.57) ND-2.38  0.51 (0.84)

Cabernet Sauvignon (n =23) 3.15-23.6 10.63 (5.47) ND-4.03  1.64 (1.26) ND-1.17  0.08 (0.25)
Soufleros et al. (1998) Burgundy (n = 20) 0.71-137.86  25.9

Alsace (n = 20) 0.48-29.92  4.43

Bordeaux (n = 66) 0.25-46.56 16.51

Champagne (n = 6) 1.2-59.2 14.17
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means, indicating the multiplicity of factors that determine
the final concentration of these compounds in wine.

The increased concentrations of putrescine from must to
wine may be explained by the fact that during winemaking,
this compound can be formed either from the microbial
decarboxylation of ornithine, or from amino acids such
as arginine via agmatine. Although absolute concentra-
tions appear to be strongly influenced by winemaking site,
it was consistently observed that the concentration of
putrescine, spermidine and spermine was greater in Syrah
than in Grenache wines after MLF (Fig. 4).

It should be noted in relation to these compounds, that
final quantities are low compared to other red cultivars
(Gloria et al., 1998; Soufleros et al., 1998; also Table 1)
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Fig. 4. Comparison of polyamine concentrations (mg/l) in Syrah and
Grenache in wine after MLF. (a) Putrescine; (b) spermidine; (c¢) spermine.

and in all cases are less than 10 mg/l; the final concentra-
tions of spermidine and spermine do not exceed 3 mg/l
and 0.35 mg/l, respectively, which is favorable from the
point of view the hygienic properties of the wine. It might
be added that the extremely low concentrations of sperm-
ine are consistent with the fact that plant-derived products
usually contain more spermidine than spermine, while ani-
mal-derived products contain more spermine than spermi-
dine (Bardécz, 1995).

Agmatine is recognized as an intermediate of putrescine
formation from arginine; initial values were the highest in
musts, up to 12 mg/l though with a maximum value of
10 mg/l were found in one of the wines. Little is known
about the significance of this polyamine in food and bever-
ages, but it is a precursor of putrescine, spermine and sper-
midine that has also been related to food spoilage (Haldsz,
Bardth, Simon-Sarkadi, & Holzapfel, 1994; Veciana-
Nogués, Mariné-Font, & Vidal-Carou, 1997). This path-
way and the pathway via ornithine have been described
in several wine lactic acid bacteria which can develop dur-
ing malolactic fermentation (Coton, Rollan, Bertrand, &
Lonvaud-Funel, 1998; Arena & Manca de Nadra, 2001).
Which of the two pathways predominates in any given sit-
uation has not been determined and it is known that
spermine (Lonvaud-Funel, 2001; Moreno-Arribas, Polo,
Jorganes, & Munoz, 2003) and spermidine synthesis is
not the result of a simple amino acid decarboxylation,
but it depends on a complex biosynthetic pathway (Bar-
décz, 1995). However, observation of Fig. 5 reveals that
there appears to be a positive correlation between the con-
centration of agmatine in must and putrecine in the fin-
ished wine after MLF. It also seems that there is an
inverse relationship between the concentrations of orni-
thine and agmatine. The fact that the concentrations of
putrescine correlate with those of agmatine rather than
those of ornithine supports the argument that the principal
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biosynthetic pathway for putrescine is via arginine-agma-
tine rather than ornithine. This is also supported by the
fact that with the exception of site 1, the concentration of
arginine, (Fig. 3e) from which agmatine is derived is greater
in must than in the finished wine.

Finally in the present study, it was also found that the
lies contained substantial (i.e. greater than 5 mg/l) amounts
of the target compounds, (data not shown as the lies were
not analysed at all eight sites). This would possibly lead to
higher levels of biogenic amines in wines which are pro-
duced with an extended lees contact.

4. Conclusion

The results suggest that the major pathway of FPA
biosynthesis in grapes is via arginine and agmatine lead-
ing to putrescine, spermine and spermidine, which occur
naturally in small quantities in grapes at maturity. Orni-
thine, does not appear to contribute to the biosynthesis
of free polyamines in the grapes and musts chosen for this
study. It is identified in wines after the MLF, contribut-
ing, via microbial action, to the general increase in the
concentration of putrescine. The concentrations of sper-
midine and spermine remain low in wines and with the
exception of one example, similar to concentrations found
in grapes.

These data on polyamine concentrations in grapes and
their evolution in wines are reassuring as regards the qual-
ity of wines and consumers’ health. However, it should be
emphasized that the experiments were conducted on
healthy grapes presenting no visible signs of fungal attack
other microbiological alteration. Since it is clear that cer-
tain microorganisms can sometimes significantly alter the
concentrations in polyamines during winemaking, it would
apposite to determine the concentration of these com-
pounds in grapes that have been attacked by certain micro-
organisms before, during and after winemaking.
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