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The anthocyanin composition of Syrah grapes harvested at different stages of ripening and produced
using organic or conventional agriculture was studied. Samples of grapes were collected from veraison
to full maturity in each plot, and the content in nine anthocyanins was determined by high-performance
liquid chromatography with diode array detection. The total content in anthocyanins during ripening
of the conventionally grown grapes was significantly higher compared to that found in the organic
production. The accumulation of anthocyanins reached a maximum 28 days after veraison (in
agreement with high temperature) and then decreased until harvest. In all samples, grapes from the
conventional agriculture presented higher proportions of delphinidin, petunidin, malvidin, and acylated
malvidin glucosides compared to grapes from organic agriculture. In contrast with other comparative
studies of organically and conventionally grown plants, the results demonstrated a higher content in
anthocyanins in conventionally grown grapes.
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INTRODUCTION five classes depending of their aglycon (anthocyanidin), that
is, derivatives of delphinidin, cyanidin, petunidin, peonidin, and

malvidin. The anthocyanins in grape skins are predominately
3-O-monoglucosides. The glucose residue may be acyled with

Anthocyanins are naturally occurring polyphenols that impart
red to blue colors to fruits, vegetables, and pladjs Among
edlblq plants, red and bla(;k grapes, and the corresponding V\’.'nesacetic,p-coumaric, or caffeic acid (8).
constitute one of the important sources of anthocyanins. The accumulation of anthocvanins in arape berries in a
Anthocyanins are accumulated in grape skins, and this process . ocy grape
begins after the phenological stage known as veraison. Whennumber of cultivars (Tempr_anlllo, Cabernet Sa_uwg_non, Merlot,
grapes are harvested, the content in anthocyanins may be agnd _Cabern_et Frqnc) at different stages of ripening has been
high as 1 g/kg of grapes (2). The amount and composition of previously investigated by several aUthQ& ¢, 17-21). .
anthocyanins in the red grapes vary with the varigy4), Howgver, no papers have addresse_d the impact .Of agronomic
maturity, climate $), terroir 6, 7), and fruit yield g). In addition practices _(organlc VErsus conve_ntlonal production) on the
to their direct role in red wine color, anthocyanins also contribute anthocyan|r.1 content |r_1 grape berries. )
to the organoleptic and chemical attributes of wine because of Féw available studies have compared nutrient compound
their interaction with other phenolic compoun@s 10) as well content in a given crop grown under conventional or organic
as with proteins and polysaccharides (11). production system. _ N _

Recently, a great deal of interest in anthocyanins has emerged S°Me studies on the phenolic composition of fruits from
because of their potential health benefits as antioxidant, anti- conventional or organic production are available mainly on

inflammatory, antiaggregative, and vasodilating agefs— apples 2), strawberriesZ3), pineapples24), and prunus2s)
16). but not yet on grape berries. Despite the heterogeneity of the

The major anthocyanins encountered in grapes of the speciessample material, some differences in health-promoting com-

Vitis vinifera are reported irFigure 1. They are divided into poqnd levels bgtween foods from'(':onventlonal ?”d organic
agricultural practice have been identifi&bj. Lombardi-Boccia

et al. (27) examined polyphenol contents in yellow plums from

* Author to whom correspondence should be addressed (telephone 33 4organic and conventional production. Here, it was shown that

90§1§:§133Eg%>;n3£490 1444 41; e-mail valerie.tomao@univ-avignon.fr). products from conventional practice had higher contents of

#Université d’Avignon et des Pays de Vaucluse. polyphenols. On the other hand, higher antioxidant microcon-
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IX: malvidin 3-O-(6-O-p-coumaryl)glucoside = OCH, OCH, p-coumaryl

Figure 1. Structures of anthocyanins analyzed in the samples tested.

stituent levels (i.e., vitamin C, carotenoids, and polyphenols, Extraction Procedure. Crude anthocyanin extracts were obtained
except chlorogenic acid) were found in organic tomatoes than according to the method of Rogger®)(Skins from 50 frozen berries
in conventional tomatoes (when results were expressed as freshvere separated manually from the pulp and seeds and homogenized in
matter) (28). an Ultra Turrax apparatus for 2 min in acidified methanol (0.1% HCI).

The aim of our study was to evaluate by high-performance _The resulting slurry was filtered through a Whatman no. 1 filter paper

liquid chromatography (HPLC) the influence of different in a Bichner funnel and concentrated in a rotary vacuum evaporator at

. : h h . lation i ha temperature below 3%. The crude skin extract was filtered through
agronomic practices on the anthocyanin accumulation in Syra a 0.2um cellulose regenerated filter (Alltech Associates, Deerfield,

grape skins collected at different stages of ripening over one .y prior to HPLC analysis.

season. HPLC Analysis. HPLC analyses were performed using a Waters
(Milford, MA) HPLC system consisting of a Waters 600E pump, a
MATERIALS AND METHODS Waters 717 autosampler, a Waters 996 photodiode array detector, and

a Millenium workstation.

Vlneya_rds. Samples of Syrah grapes were collected in 2002 from The chromatographic separation was carried out on an Alltech Prevail
two experimental plots close to Chateauneuf-du-Pape, Vaucluse, Francec18 column (250x 4.6 mm, 5um particle size) and a guard column

The ex;:rJ]eriment_aI_vineya_rdst\;]erecﬁO km apa;t dbutpwere Iocalteq On_}_t;f of the same material. The solvents were (A) water/formic acid (90:10)
same c aract_e_nsnc terr0|rp the Chateauneut-du-Pape appelation. This, , (B) acetonitrile/water/acid formic (30:60:10). The gradient was
distinctive soil is characterized by large round quartz stones known 8S|inear at a flow rate of 1 mL/min. and the following proportions of
“galets” mixed with sandy red clay. The selection of neighboring parcels solvent B were used: -940 min 26—776% 40-60 min. 76-90%: 60—

allowed us to compare organic and conventional vineyards in the SaMeg7 min 90-100%. Detection was carried out at 530 nm. Identification

cllrgate a_nd soil conditions. d with | icid h d of anthocyanins was obtained by comparing the elution order and UV
fl r%?n'c (ﬁ(rapes were trﬁate dWItt' natufra pI‘?St'tC.' es suc az tryand visible spectra with those found in the literatu29,(30).
owable sulfur, copper salts (reduction of application compared to Quantification was carried out by using the external standard method.

official doses),__ol_lgoelements, and marine algae as stimulative of Because standards for all of these compounds were not available, all
growth. The fertilizing process was based on a compost of sheep manure

d c tional producti d fertil d ticid anthocyanin compounds have been expressed as malv@igl3eoside
and grape marc. Lonventional production used fertiizers and pestci esequivalents (mg of Mv-3-Glc/L), which was used as the standard. All
to control weeds, pests, and diseases; these chemicals are subject t o
. ; A nalyses were made in triplicate.
rigorous testing and authorization procedures before they can be used,
and winegrowers have to respect precise guidelines and restrictions to
use them. RESULTS AND DISCUSSION
The grapes were collected at seven different stages of ripening: the  Changes in Total Anthocyanins. Figure 2ashows changes
sampling took place from veraison (July 22) to full maturity (September jn total anthocyanins in grape skin extracts from Syrah berries

13). Two hundred berries were randomly taken from each sample. .q|jacted during ripening in 2002 and grown by conventional
Samples were immediately frozen and storeet20 °C until chemical (CP) or organic (OP) agricultural practices

sgﬁéze;g:rzngcla;gén g;j 'H’\#Eg ?Srt r;c;i);]aggl;g{g n(:f tgch]kg;rc::felg.rape The pontent of total anthocyanins for both vineyards achieveq
Chemicals. All solvents and acids used were of HPLC grade & Maximum 28 days after veraison and then decreased until

purchased from VWR International (Darmstadt, Germany). Malvidin harvest. These data are consistent with the findings of Somers

3-O-glucoside chloride was purchased from Extrasynthese (Lyon, €t al. (31) and Roggero et al3)( showing that a maximal

France). anthocyanin content in Syrah grapes was reacheeBR0days
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Figure 2. Total anthocyanins in grape skins (mg/kg of grapes) from

Vian et al.

In our case, the exceptionally dry and hot weather of this
season probably caused a weaker pathogen pressure in plots.
Thus, the stress possibly triggered by the spraying of synthetic
chemicals and the abundant use of copper salts on convention-
ally grown grapes could have been stronger than the pathogenic
pressure. The response of the plants, in particular of the
grapevine, to certain synthetic chemical treatments such as
systemic fungicides or other pesticides used currently showed
similarities with the “hypersensitive reaction” developed at the
time of the fungal attack3g, 37). The same secondary products
are often formed as phytoalexins and “stress metaboli&&y, (
such as anthocyanins. Hence, accumulation of anthocyanins in
conventionally grown grapes could be a mechanism of plant
response to a chemical stress such as pesticide spraying.

Changes in the Content of Individual Anthocyanins
during Ripening. Nine anthocyanins [8-monoglucosides of
delphinidin, cyanidin, petunidin, peonidin, and malvidin, mal-
vidin 3-O-(6-O-acetyl)glucoside, malvidin 8&-(6-O-p-cou-
maryl)glucoside, peonidin 3-O-(6-O-acetyl)glucoside, and pe-
onidin 3-O-(6-O-p-coumaryl)glucoside] were identified in the
skin extracts.

Five anthocyaninsl{-V) were present from veraison to full
maturity. The concentration of these anthocyanins in CP skins
rose continuously over the 28 days following veraison, then

dropped during 7 days, and finally remained almost constant
until the end of ripening. Cyanidin @-glucoside (Figure 3),
delphinidin 30-glucoside Figure 4), petunidin 30-glucoside
after veraison followed by a decline. However, small qualitative (Figure 5), and malvidin 30-glucoside (Figure 7) contents in
changes were observed even after 50 days from veraison. OoP sk|_ns increased over the 21 days following veraison and
The increase in anthocyanin concentration in the skin then _sl_lghtly decreas_ed untll_harve_st except_for the content of
coincided with the many processes taking place as stage Il €yanidin 3-O-glucoside, which raised again 42 days after
(veraison) begins, such as the increase in berry deformability, Véraison. Peonidin 3-O-glucoside (Figure 6) showed two
the loss of chlorophyll, and the accumulation of sugar in the Maxima at days 28 and 42 after veraison.
skin of black and red cultivars3g). The contribution of cyanidin ®-glucoside to the total
The anthocyanin concentrations were very high for both plots, anthocyanin concentration ranged from 1 to 4% in CP and from
which reflects the enological potential of the Syrah grapes and 4 to 13% in OP FEigure 3), whereas that of delphinidin G-
the hot climatic conditions in 2002 that favored anthocyanin glucoside ranged from 9 to 14% in CP and from 5 to 16% in
biosynthesis during maturatiorfFigure 2 shows that the ~ OP [Figure 4). The contribution of peonidin &-glucoside
accumulation of anthocyanins in grape skin was related to (Figure 6) was very different, ranging from 18 to 25% in OP
elevated temperature. Indeed, days with temperatg@ °C and from 9 to 13% in CP. Finally, the contribution of petunidin
during the veraison—harvest period were correlated to an 3-O-glucoside (Figure 5) was between 5 and 11% in OP and
accumulation of phenolics (3R4). Additionally, the water between 9 and 14% in CP, whereas the contribution of malvidin
deficits over 47 days after veraison probably enhanced antho-3-O-glucoside was between 20 and 35% in OP and between 37
cyanin formation in red grape varieties. Nevertheless, conven-and 43% in CPRigure 7).
tionally grown grapes showed a significantly higher content of  In other words, malvidin 3-glucoside was always present
total anthocyanins compared to that found in the organic in the highest proportion of the total anthocyanin concentration
cultivation. Several group2¥, 35) have hypothesized that plants  throughout ripening, followed by delphinidin G-glucoside,
under organic production produce higher levels of polyphenols petunidin 30-glucoside, and peonidin @-glucoside, which
because they suffer higher pest-related stress due to thehave practically the same contribution except for the OP, in
prohibition against applications of synthetic pesticides. which case peonidin 8-glucoside is the second anthocyanin,

veraison to harvest in each vineyard (a) and climatic conditions of 2002
season (b).
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Figure 3. Changes in cyanidin 3-O-glucoside content during ripening in milligrams per kilogram of grapes or in percentage of total anthocyanins.
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Figure 4. Changes in delphinidin 3-O-glucoside content during ripening in milligrams per kilogram of grapes or in percentage of total anthocyanins.
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Figure 5. Changes in petunidin 3-O-glucoside content during ripening in milligrams per kilogram of grapes or in percentage of total anthocyanins.
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Figure 6. Changes in peonidin 3-O-glucoside content during ripening in milligrams per kilogram of grapes or in percentage of total anthocyanins.
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Figure 7. Changes in malvidin 3-O-glucoside content during ripening in milligrams per kilogram of grapes or in percentage of total anthocyanins.

and finally cyanidin 39-glucoside, which was the lowest for During anthocyanin biosynthesis, primitive pigments (cyan-
both. These findings agreed with values reported by Gonzalezidin 3-O-glucoside and delphinidin @-glucoside) are converted
(39), who found that iVitis vinifera L. cv. Tempranillo grape into more stable pigments via methylation catalyzed b3
skins, malvidin 30O-glucoside was the major anthocyanin methyltransferase. Hence, delphinidir©3glucoside is succes-
throughout ripening, whereas cyanidin 3-O-glucoside was the sively converted into petunidin @-glucoside and malvidin 8-
pigment present in the lowest proportion. In addition, our results glucoside. Peonidin &-glucoside and malvidin &-glucoside
were consistent with those published by Roggeétpand co- represent the ultimate structures in the chain of anthocyanin
workers, who reported similar trends. biosynthesis. Esteban et adlQ) explained that the abundance



5234 J. Agric. Food Chem., Vol. 54, No. 15, 2006 Vian et al.

—=—Pnacyl OP - - &- - -Mvacyl OP —&—Pnacyl CP — 4— -Mvacyl CP (7) Brossaud, F.; Cheynier, V.; Asselin, C.; Moutounet, M. Flavonoid
compositional differences of grapes among site test plantings of
- R Cabernet FrancAm. J. Enol. Vitic.1999,50, 277—284.
£, e .- .z (8) Mazza, G. Anthocyanins in grapes and grape prodacis.Rey.
. ) . Food Sci. Nutr.1995,35, 341—-371.
(9) Cai, Y.; Lilley, T. H.; Haslam, E. Polyphenol—anthocyanin

copigmentationJ. Chem. Soc., Chem. Comma890,5, 380—

N
o
=)

N
o
=]
N\
/
.

>
<
\
dlad
L]
-

percentage (%) of total anthocyanins

10,0 383.
I’/I\i'\*" (10) Liao, H.; Cai, Y.; Haslam, E. Polyphenol interactions. Antho-
50 e cyanins: copigmentation and colour changes in red wides.
00 . ‘ . ‘ ‘ ‘ . ' Sci. Food Agric.1992,59, 299—305.
"o 7 14 21 28 35 2 4 56 (11) Haslam, E.; Lilley, T. H. Natural astringency in food stuffs. A

molecular interpretationCrit. Rev. Food Sci. Nutr1988, 27,
1-40.
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antioxidant activity vasodilation capacity, and phenolic content
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Figure 8. Changes in acylated pigments during ripening in percentage
of total anthocyanins.

of peonidin 30-glucoside and malvidin ®-glucoside in grapes
is an indicator of the biological activity of the plant considered.
These data could explain the elevated peonidid-ghucoside
content that we found in organically grown grapes.

The most abundant acylated anthocyanins in Syrah grape
skins are acetyl ang-coumaryl derivatives of malvidin 8-
glucoside YII andIX). Taken together, they contributed to the
total anthocyanin content by-25% in CP and by #20% in
oP d_ur_mg maturatlt_)nFGgure 8). The contribution of acylatgd nutrition: polyphenols and vascular protectidutr. Re».1999,
peonidin 3Q-g|u003|des‘€I andVIIl ) to the total apthocyanln 57 241—249.
concentration was almost constant for conventionally grown (16) Lapidot, T.; Harel, S.; Akiri, B.; Granit, R.; Kanner, J. pH-
grapes (~5%). dependent forms of red wine anthocyanins as antioxidants.

Conclusion.On most sampling dates, anthocyanin concentra- Agric. Food Chem1999,47, 67-70.
tions were observed to be higher in the skins from convention- (17) Gonzalez-San José, M. L.; Barron, L. J. R.; Diez, C. Evolution
ally grown berries compared with berries from organic produc- of anthocyanins during maturation of Tempranillo grape variety
tion. For the grape variety considered, climatic conditions and (Vitis vinifera) using polynomial regression models Sci. Food
agronomic practices were all important factors contributing to Agric. 1990,51, 337—-343.
the changes in anthocyanin contents. (18) Cat_:ho, J.; Fernano_lez, P.; Fer_reira_, V.; Cas_tell, J. E. Evol_ution

In organic production, synthetic chemicals (fertilizers and of five anthocyanidin-3-glucosides in the skin of Tempranillo,

. : . . Moristel, and Garnacha grape varieties and influence of clima-
pesticides) that are used in conventional production are not tological variablesAm. J. Enol. Vitic1992,43, 244248,
aIIovyed. Therefore, organically grown plants are usually gxposed (19) Ryan, J. M.; Revilla, E. Anthocyanin corr;po,sition of Cabernet
to different forms of stress, which induce accumulation of

g . _ Sauvignon en Tempranillo grapes at different stages of ripening.
phenolic compounds. However, during the especially dry and J. Agric. Food Chem2003,51, 3372—3378.

hot summer of 2002, chemical stress accompanying conven- (20) Yokotsuka, K.; Nagao, A.; Nakazawa, K.; Sato, M. Changes in

tional production probably overtook biotic stresses such as pest anthocyanins in berry skins of Merlot and Cabernet grapes grown

pressure, finally resulting in a higher anthocyanin content in in two soils modified with limestone or oyster shell versus a

grape skin. These unexpected findings may be significant in native soil over two yearsam. J. Enol. Vitic.1999,50, 1-12.

the current debate about the possible benefits of conventionally (21) Jordao, A. M.; Ricardo da Silva, J. M.; Laureano, O. Evolution

grown versus organic foods. of catechins and oligomeric procyanidins during grape maturation
of Castelao Frances and Touriga Francésa. J. Enol. Vitic.
2001,52, 230—234.

(22) Veberic, R.; Trobec, M.; Herbinger, K.; Hofer, M.; Grill, D.;
Stampar, F. Phenolics compounds in some apgkys domes-
tica Borkh) cultivars of organic and integrated productidn.
Sci. Food Agric.2005,85, 1657—1694.

(23) Wang, S. Y.; Zheng, W.; Galleta, G. J. Cultural system affects
fruit quality and antioxidant capacity in stawberrids.Agric.
Food Chem2002,50, 6534—6542.

(24) Alvarez, C. E.; Carracedo, A. E.; Iglesias, E.; Martinez, M. C.
Pineapples cultivated by conventional and organic methods in a
soil from a banana plantatiera comparative study of soil
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