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ABSTRACT

The anthocyanin composition of four
autochthonous grapevine varicties cul-
tivaled in the Picdmont mountains has
been studied. The results showed great
differences between these cultivars, The
total amount of anthocyanins ranged
from 74 mg/kg of Grisa roussa grapes
to 1.024 mg/kg ol Decouet grapes,
which had the mostl intcresting an-
thocyanin profile. Cyanidin-3-glucoside
and peonidin-3-glucoside (72.5% of to-
tal anthocyanins) prevailed in Avand;
cyanidin-3-glucoside made up 94% ol
the total anthocyanins in Grisa roussca;

RIASSUNTO

E stata analizzata la composizione
antocianica di quattro vitigni autocto-
ni coltivati sulle montagne piemontesi.
[ risultati ottenuti hanno evidenviaio
rilevanti differenze fra le quattro culti-
vars. La quantita di aniociani infatti &
compresa fra i 74 mg/kg di uva della
Grisa roussa ed il 1.024 mg/kg di uva
del Becouet, ma ¢ il profilo antocianico
a fornire i dati pit interessanti. La cia-
nidina-3-glucoside e la pecnidina-3-
glucoside prevalgono nell’Avana (72.5%
delle antocianine); la cianidina-3-gla-
coside costituisce il 94% delle antociani-
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malvidin-3-glucoside and its acyl-deriv-
atives were highest (73%) in Becouet
and all five anthoecyanins were present
in similar concentrations in Grisa nera.

dine nella Grisa roussa; la malvidina-3-
glucoside ed i suoi derivati prevalgono
{73%) nel Becouet: nella Grisa nera infi-
ne tutte le cinque antocianine sono pre-
senti in concentrazione simile.

INTRODUCTION

Phenolic compounds are responsible
for some of the major sensory charac-
teristic of wines such as colour, taste and
astringency. Their concenlration in wine
depends on the cultivar and the wine-
making conditions.

Berry skin anthocyanins change ac-
cording to the nature of the substituents
as well as according to the number and
position of residual sugars. Chemogenet-
ic studics suggest that a common pre-
cursor of all flavonoids is chalcone
(GRISEBACH, 1982; ROGGERO et al..
1986). An isomcrization induced by a
chalcone isomerase transforms chalcone
into {-}(28){lavanone from which anthocy-
anins, flavonols and catechins are de-
rived.

According to ROGGERO et al. {1986)
the first hydroxylation of the flavanone
gives cyanidin-3-glucoside, the most
primitive pigment; cyanidin-3-gluco-
side is then transformed by a flavoneid
3'-hydroxylase into delphinidin-3-glu-
coside and by a methyllransferase into
peonidin-3-gluceside and into malvi-
din-3-glucoside, the most stablc an-
thocyanin pigments in grape. In the
Vitis genus there are exclusively five
anthocyanins in Lhe glycoside form
(delphinidin, cyanidin. petunidin. pe-
onidin and malvidin). The quantity and
composition of anthocyanins in the
berry skin can be influenced by envi-
ronmental factors and by vineyard
management practices, but they vary
greatly between species and varieties
(BOURZEIX e! al.. 1983; CRAVERO and
DI STEFANO, 1992; CRAVERC et al.,
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1994; DARNE. 1988b: DI STEFANO and
MAGGIOROTTO, 1995; LEPADATU et al.,
1972: RIBEREAU-GAYON, 1982; TAM-
BORRA and D! BENEDETTO. 1991 VAN
BUREN et al., 1970). In scveral grape-
vine varieties (Cabernet franc, Caber-
net sauvigrion, Merlot, Gamay and Bar-
bera) trihvdroxylated anthocyanins
(delphinidin-3-glucoside, petunidin-3-
glucoside and malvidin-3-glucoside}
are prevalent. The wines obtained from
(hese varieties or from others with a
similar composition are characterised
by a more stable colour.

In a few varicties (Traminer, Gewuerz-
traminer, Muscat rosé, Nebbiolo) the di-
hydroxylated anthocyanins, cyanidin-3-
glucoside and peonidin-3-gluceside pre-
vail.

Since the red colour of wine mainly
depends on the anthocyanin composi-
tion of the grape, studics on their evo-
lution during transformation from grape
to winc are therefore of great impor-
{ance. Many authors have contributed
information on the anthocyanin profile
in the grape skin ol scveral vine varie-
ties and anthocyanin evolution during
grape ripening (ALBACH ef al., 1959
BAKKER and TIMBERLAKE, 1985; BALDI
and ROMANI, 1992; CACHO et al.. 1992:
CLIMENT and Parpoc. 1997; DARNE,
1988a; DI STEFANO et al.. 1993; [IEBRE-
RO et al.. 1988: HMAMOUCHI et al.,
1995; LANARIDIS and BENA-TZOUROU,
1997; LEE and JAWORSKI, 198%: MO-
RASSLT and CECCHINI, 1999: MORION-
DO and GENTILINI. 1992: ROGGERQ et
al.., 1986; ROSON and MOUTOUNET,
1992) and during fermentation and agc-
ing (CHEYNIER et al., 1997: DALLAS el



al.. 1995; KOVAC, 1978; MAYEN et al.
1994; NAGEL and WULF, 1979).

The purpose of this work was to study
the anthocyanin composition ol Avang,
Becouet, Grisa roussa and Grisa nera, old
nalive varieties of Vitis vinifera growing
exclusively in the Susa Valley {Turin, Ita-
ly) in vineyards located 1100 m above sca
level. No studies have been conducted on
these cultivars and knowledge of their
anthocyanin composition is very impor-
tant for improving winemaking and con-
sequenily for improving wine quality.

MATERIALS AND METHODS
Vines

The grapes wcere obiained from the
Susa Valley, the mosi important vallcy
in the Turin province for grape produc-
tion (Piedmoent. Northwest ltaly). In this
valley, as in Vallese in Switzerland. there
are vineyards over 1.000 m above sea
level. Avana and Becouet have black-vi-
olet berries, while Grisa nera have blue-
black berries and Grisa roussa pink-red
berries. Grisa roussa is nol a mutation
of Grisa nera from which it differs great-
ly. The only authorised cultivar grown
among these is Avana. Wines produced
in this valley have a Protected Denomi-
nalion of Origin (Valsusa VQPRD)]. Two
vineyards of each variely were studied
for three years.

Sampling technique
and sample preparation

Three hundred berries {from each vine-
yard were picked {resh randomly at har-
vest. From each of these samples three
samples of ten berries each were then
obiained. Grape skins were placed in 25
mL of a buffer solulion ai pH 3.20 (12%
ethanel and 300 mg/L ol sodium meta-
bisulfite) for 12 h at 20°C and then ho-
megenised with an Ultraturrax T25 (IKA.
Staulen. Germany).

Analysis

Spcctrophotometric methods were
used to evaluate the total anthocyanins
and flavonoid contents in the grape
skins (DI STEFANO. 1996:; DI STEFANO
el al.. 1989,1994: DI STEFANO and
CRAVERG 1991.

Anthocyanins were isolaled by using
a SEP-PAK CI18 cariridge {Waters Cor-
poratlion. Millord, MA, USA) and ana-
lysed by HPLC. The chromatograph was
a Perkin Elmer 200 {Norwalk, CT, USA}
equipped with a 20 mL Reodyne sample
loop. Dala irealmen{ was earried out
using the Perkin Elmer mod. 1020 data
treatment station. The analytical column
was a LiChroCART (25 ecmx 0.4 emid.)
(E. Merck, Darmsiad. Germany} packed
with LiChrosphere 100 RP-18 5-pm par-
ticles by Alliech (Decrfield, IL, USA]. A
Perkin Elmer LC 295 detecior operating
at 520 nm was used. The [ollowing con-
ditions were used: Solvent A was 10%
formic acid in water. Solvent B was 10%
formic acid and 50% methyl alcohol in
water. These solvents were [ilierced
lthrough a 0.20 pm filter and sparged
with helium. Solvent flow rate was 1 mL/
min. The solvent program used was 72%
A to Bbb% A over 15 min; to 30% A over
20 min; 1o 10% A over 10 min: {o 1% A
over 5 min; to 72% A over 3 min. An equi-
librium time of 10 min was used. The
single anthocyanin concentrations were
determined by comparing the area of the
individual peak wilh the total area of all
the peaks and data are expressed in per-
centage (HEBRERQO ef al., 1988; JAWOR-
SKI and Lee 1987: DI STEFANO and
CRAVERG. 1991).

RESULTS AND DISCUSSION

Except for Becouet, total flavonoid con-
centrations in berry skins (Table 1) were
very low in comparison to other lalian
and foreign varieties such as Cabernet
Jranc, Cabernet sauvignon. Merlot or
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Table 1 - Phenolic composilion of the four varictics.

Avana Becouet Grisa roussa Grisa nera

X o X g X o X a
Anthocyans in berry skin £8% 49 1024 184 74 2 335 20
{mg malvidin monogluceside /g berries)
Flavonoids in berry skin 1827 103 3772 274 1474 111 1710 106
{mg {+)catechin/kg berries)
Delphinidin-3-glucoside (%) 130 019 245 074 126 036 1046 0.04
Cyanidin-3-glucoside (%) 2255 552 054 010 9443 075 1970 277
Petunidin-3-glucoside (%) 323 023 478 127 0.66 033 W68 012
Peonidin-3-glucoside (%) 5014 277 345  0.39 1.92 043 1453 033
Malvidin-3-glucoside (%) 16.03 330 3634 521 0.62 006 2843 2.66
Delphinidin-3-acetylglucoside [%} 024 0N 086 031 031 007 090 005
Cyanidin-3-acetylglucoside (%) 005 005 006 006 0.18 004 167 0.21
Petunidin-3-acetylglucoside (%) 083 005 - 197 033 - - 114 0.01
Peonidin-3-acetylglucoside (%) 011 004 074 005 087 0.05
Malvidin-3-acetylglucoside {%) 058 082 123 0.82 223 015
Delphinidin-3-p-coumarylglucoside (%) 020 020 4.2 042 . - 105 003
Cyantdin-3-p-coumarylglucoside (%) .01 028 063 007 058 010 282 007
Petunidin-3-p-coumarylglucoside (%) 027 038 452 059 — - 107 008
Peonidin-3-p-coumarylglucoside (%) 1.86 067 150 1.23 125 015
Malvidin-3-p-coumarylglucoside (%) 157 245 2488 658 263 022
Peonidin-3-p-caffeoylglucoside (%) 010 004 - - 0.06 001
Malvidin-3-p-caffecylglucoside (%) 0.12 002 0.77 0.26 018 001
A mean;
o standard deviation;
n=18.

Malbec [ROSON and MOUTOUNET, 1992;
TAMBORRA and DI BENEDETTO, 1991;
UMMARINO and DI STEFANO. 1996).

The total anthocyanin concentration
of the four varieties was also very low
compared (o 2,654 mg/kg for Montepul-
ciano [TAMBORRA and DI BENEDETTO,
1991), 1,577 mg/kg tor Cabernet sauui-
gnon. 1,900 mg/kg for Cabernet franc,
2,200 mg/kg for Merlot or 3,100 mg/kg
for Malbec (ROSON and MOUTQUNET,
1992). Grisa roussa with only 74.7 mg/
kg of total anthocyanins is particularly
unfavoured.

Avanda

The skin extract of Avana mainly con-
tained peonidin-3-glucoside and cyani-
din-3-glucoside (about 73%) while mal-
vidin-3-glucoside accounted for only 16%
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of the anthocyanins. Cinnamoyl deriva-
tives were only 6% of the anthocyanins
while the acetyl derivalives were less
than 2%: dihydroxylated anthocyanins
were prevalent among cinnamoyl deriv-
atives (Fig. 1).

The anthocyanin profile of Avana was
similar {o that of Freisa (DI STEFANO and
MAGGIOROTTO, 1995) and Trollinger
group cultivars (WENZEL et al., 1887).
The Avand profile was also similar to the
Nebbiolo profile (DI STEFANO et al., 1994;
GUIDONI et al., 1997) excepl lor a lower
amount of acylated derivatives (6-7% in
Avand, 10-15% in Nebhiolo).

Becouet

The berry skin extract was similar to
that of Cabernet sauvignon. Merlot and
Shiraz (NAGEL and WULF, 1979, ROGGE-
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Fig. 1 - Anthocyanin prolfiles of the four grapevine varicties. The amount of each anthocyanin is ex-
pressed as a percentage of the total anthocyanins found in each grapevine variefy. Key: Dp delphinidin:
Cy cyanidin; Pt petunidin: Pn peonidin: Mv malvidin: G glucoside: acet 3-acetylglucoside: coum 3-p-
commmarylglucoside: call 3- p-calleoylglucoside.
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RO et al.,, 1986; BOSS eof al., 1996). In
addition to malvidin-3-glucoside (36%)
and its acyl derivatlives therc were also
large amounis of acetyl (12%)}) and cin-
namoyl (25%) derivatives of malvidin-3-
glucoside. The presence of more stable
molecules, such as Lhe trihydroxylated
anthocyanins and their acylated forms,
induces more slability to the wine col-
our during winemaking. thus the wine
produced with Becouet is remarkably
slable during winemaking and ageing.
For these characteristics the Becouet
grapes arc often used to improve the col-
our of other wines.

Grisa nera

In the anthocyanin profile of Grisa
nera all the unacylated anthocyanins
were present in similar concentrations
and malvidin-3-glucosides prevailed over
cyvanidin-3-glucoside and peonidin-3-
glucomde Dihydroxylated compounds
were prevalent among acelyl derivatives,
while the trihydroxylated were prevalent
among the cinnamoyl ones, Scveral cul-
tivars such us Sangiovese (TAMBORRA
and DI BENEDETTO, 1991; WENZEL et al..
1987) and Merlot (WENZEL et al., 1987)
have similar proliles.

Grisa roussa

The profile of the above mentioned
cultivars were similar to other inter-
nationally well-known cultivars. On
the contrary the anthocyanin prefile
ol Grisa roussa is very characteristic
and interesting because the non meth-
vlated form. cyanidin-3-glucoside,
strongly prevailed (94.4%). The con-
centrations of delphinidin-3-glucoside
(about 1.3%} and peonidin-3-glucoside
{about 1.9%) were very low while,
acetyl and cinnamoyl derivatives were
nearly absent.

Other grape varieties also described
have a simple anthocyanin composition,
with malvidin-3-glucoside generally be-
ing the principal anthocyanin. For the
red table grape Reliance (a hybrid Vitis
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vinifera x Vitis lambrusca). cyanidin-3-
glucoside is more than halfl but delphi-
nidin-3-glucoside is nearly one third of
the total anthocyanins (GAC and CA-
HOCN. 1995). The presence of high
amounts ol cyanidin-3-glucoside has
been reported {BOSS ef al., 1996; WEN-
ZEL el al., 1987}, but only a few culti-
vars with more than 90% cyanidin-3-
glucoside have been reported [CRAVE-
RO ¢f al., 1994). Generally these are cul-
tivars with very low amounts of total an-
thocyanins and with no uniform colour
distribution which greatly depends on
the climate and ripening conditions. The
pink colour of Grisa roussa is intense
and uniform and it is not influenced by
cnvironmental conditions.

Cyanidin-3-glucosidc is a very unsta-
ble molecule and in the presence ol fla-
vonoid 3'-hydroxylase and o-dihydrox-
yvphenocl-O-methyltransferase is largely
transformed int{o the more stable pig-
ments peonidin-3-glucoside or malvi-
din-3-glucoside (ROGGERO et al., 1986).
The absence of these stable compounds
in Grisa roussa could be due to the ab-
scnee or low activity of these enzymes
or {o the modified expression of UDP
glucose-flavonoid 3-o-glucosyl trans-
ferase (UFGT), the enzyme responsible
for the glycosylation of the various an-
thocyanidins in the vacuole and of the
differences between colourless sports
and its black-coloured progenitors
(BOSS ¢f al.. 1996).

Due to its very simple anthocyanin
composition Grisa roussa can be a good
tool for studies on the regulation of an-
thocyanin biosynthesis in grape berry
skins and can provide a good source of
cyanidin-3-glucoside pigment.
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