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Relationship between skin cell wall composition and anthocyanin extractability of
Vitis vinifera 1. cv. Tempranillo at different physiological stages and contents of
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Abstract. The relationship between cell wall composition and extractability of anthocyanins
from red grape skins was assessed in nine Tempranillo grape samples harvested at three stages
of ripening (pre-harvest. harvest and over-ripening) and three different contents of soluble solids
within each stage (22. 24 and 26°Brix). Principal components analysis was applied to the
obtained data set in order to establish relationship between cell wall composition and the
extractability of anthocyanins.

Results showed the influence of physiological stage and °Brix on cell wall composition.
Furthermore. total insoluble material exhibits the biggest opposition to anthocyanin extraction.
while the highest amounts of cellulose. rhamnogalacturonans-11 (RG-II) and polyphenols were
positively correlated with anthocyanin extraction.

Introduction. Anthocvanins are responsible for the colour of red wines and their interactions
with other phenolic compounds largely determine the colour changes observed during ageing.
These compounds. mainly located in grape skins. are released to the maceration media during
winemaking. It is generally accepted that extractability of anthocyanins from grape skins
increases throughout grape ripening as consequence of the degradation of the cellular wall by
pectolytic enzymes [1]. In addition. differences on contents of polysaccharides based on
galactose and arabinose. together with changes on the cellulose content and degree of
methylation of pectins might also be responsible for the different extractabilities of these
phenolic compounds [2]. Cell wall composition is also responsible for its physical properties
which are atso linked to the anthocyanin extractability.

The aim of this study was to establish relationship between cell wall composition and the
extractability of anthocyanins. Furthermore. the influence of different physiological stages and
soluble solids heterogencity within each stage on the cell wall composition was also evaluated.

Materials and Methods. Three difterent physiological stages (pre-harvest. harvest and over-
ripening) and three soluble solids contents (22. 24 and 26 °Brix) within each stage were taken
into account using Vitis vinifera L. cv. Tempranillo which is the most often used variety to
produce quality red wines in Spain. Grape skins were separated manually from the whole grapes
and subsamples were taken from each sample. Cell wall material was isolated from grape skins
as the 70% ethanol residue following a modification of de Vries er al. procedure [3] adapted for
grape skins as described elsewhere in Apolinar-Valiente er «l. [4]. The isolated cell wall
material was analyzed in order to ascertain its composition in each case. Cellulose was
determined as glucose in accordance with Lurie er /. [5] using the phenol method proposed by
Doubois er al. for its spectrophotometric determination [6]. Lignin was gravimetrically
determined as Klason lignin [7. 8]. Non-cellulosic polysaccharides were obtained using an
iterative calculation methodology [9] from monosaccharide profiles determined by GC/MS
following a modification of Guadalupe e¢r al. procedure [10]. Moreover. protein (Bradford
method). total polyphenols index (Folin-Ciocalteau method) and the degree of esterification of
pectins (i.e. the percentage of total uronic acids that are esterified) were also determined [6. 8].
Anthocyanin extractabilities previously obtained as described elsewhere in Herndndez-Hierro er
al. [11] were used. Anthocyanin extractability was calculated as percentages using the ratio
between hydroalcoholic and exhaustive methanolic extractions both determined by RRLC. The
maximum percentages of extraction were achieved at the third day of maceration and these
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values were used for the subsequent data analysis. The unsupervised pattern recognition method
used for data analysis was principal components analysis (PCA). which was applied to the
correlation matrix of the original variables. The SPSS 13.0 for Windows software package
(SPSS. Inc.. Chicago. [L) was used for data processing.

Results and discussion. Results showed some influence of physiological stage and °Brix on cell
wall composition. Generally. the most important factor was the physiological stage even though
there was not a clear pattern for any component. Figure 1 shows the loading plot of the PCA.
Total insoluble material exhibits the biggest opposition to both anthocyanin extractions. slightly
higher for non-acylated anthocyanin extraction. while the highest amounts of cellulose.
rhamnogalacturonans-I1I (RG-II) and polyphenols are positively correlated with anthocyanin
extraction. This analysis also reveals the existence of more slightly oppositions to anthocyanin
extraction for the rest of the studied parameters (i.e. the remaining polysaccharides. protein.
lignin and degree of esterification of pectins). It is also noteworthy that almost all
polysaccharides present the same trend in the PCA loading plot with the exception of RG II.
which is the most branched polysaccharide.
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Figure 1. Loading plot of the PCA. IM (insoluble material): Prot (protein). Poly (polyphenols); Ligm
(lignine): Cell (cellulose); AG (arabinogalactans): Man (mannan). HG (homogalacturonans): XilGlu
(xiloglucans): Arab (arabinans). RGI (rhamnogalacturonans-I); RGII (rhamnogalacturonans-l1): ester
(degree of esteritication of pectins): AcyAnt (acylated anthocyanins). NonAcyAnt (non-acylated
anthocyanins).

Acknowledgements. Spanish MICINN (AGL2008-05569-C02-01. AGL2011-30254-C02-01). Junta de
Castitla y Ledn (group GR133). Fun-C-Food (Consolider CSD2007 -00063) and project DEMETER
program CENIT for financial support. Spanish MICINN for N. Quijada-Morin F.P.I. predoctoral
scholarship and J.M. Herndndez-Hierro Juan de la Cierva contract (JC1-2011-09201). Bodegas Torres
(Lleida. Spain) for supplying the grape samples.

References

1] P. Ribereau-Gayon, Y. Glories. A. Maujean. D. Dubourdieu. (2000) John Wiley and Sons Ltd
England. pp 441.

[2] Ortega-Regules er al. (2006) Anal. Chim Acta. 563: 26-32.

|31 de Vries et al. (1981) Carbohydr. Polym. 1: 117-127.

[4] Apolinar-Valiente et a/. (2010) Anal. Chim. Acta. 660: 206-210.

[5] Lurie er al. (1994) Phytochem. 36: 11-17.

[6] Dubois et al. (1956) Anal. Chem. 28: 350-356.

[7] Lecas and Brillouet. (1994) Phytochem. 35: 1241-1243.

|8] Femenia er «l. (1998) J. Agric and Food Chem. 46: 271-276.

|9] Arnous and Meyer (2009) J. Agric and Food Chem. 57: 3611-3619.

[10] Guadalupe ¢t al. (2012) Food Chem. 131: 367-347.

[11] Herndndez-Hierro er «l. Anal. (2012) Chim. Acta. In press. doi: 10.1016/j.aca.2011.10.056.

154



Polyphenols Communications 2012

TI1.10
TI.1

TL.12

T1.13

Ti.14

TL1S

T1.16

T1.17

TL.18
T1.19

T1.20
T1.21

T1.22
T1.23
T1.24
T1.25

T1.26

Identification of cane molasses distillery co-product as a potential source of antioxidants . ..

The Intluence of Anthocyanidin structure. pH and Temperature on Binding to Human

Serum AIbUMIn . .. ...

HPLC/DAD/MS Chatacterisation and antioxidant activity of sweet chestnut

(Castanea sativa M) fTactions . . . . .. oottt

Novel compounds from tyrosol and hydroxycinnamic acids exhibiting DPPH radical

SCAVENZEr ACHIVILY .. ittt

Recovery and Characterization of Verbascoside. Isoverbascoside and Their Derivatives

from Olive Mill Waste Water . . . ... ... .. . .

Phenolic compounds as possible precursors of oleocanthal: distribution in the different
parts of the fruit and over the ripening for three Tuscancvs ............

Extraction kinetics of oak-derived volatile and oak-derived ellagitannins compounds
during wine aging in oak barrels or in stainless steel tank. with oak chips. Influence

on flavor and tannin perception . ..... L

Sim (Rhodomyrtus tomentosa). a native fruit of South-Ea t Asia. as a new supertruit?
Discovery of piceatannol. a potent bioactive stilbene. as major polyphenolic

COMPONENL i e e

Scavenger properties of flavonoidic vegetal extracts obtained from Silybum

marianum L. oo s
New insights about malvidin-3-glucoside-catechin dimeric compound S
[nteraction of Sainfoin (Onobrychis viciifolia) Condensed Tannins and Proteins . ... ... ..

Relationship between skin cell wall composition and anthocyanin extractability of
Vitis vinifera L. cv. Tempranillo at ditferent physiological stages and contents of

soluble sOlids .. ...
Uncommon temperate propolis: presence of flavonoid glycosides .. ................ ..
Physical-chemical properties of microencapsulated anthocyanins ....................

Strawberries from integrated pest management and organic farming: phenolic
composition and antioxidant properties ... ........... ... ......
Characterisation of kiwifruit (Actimdia deliciosa) and optimisation of non-inva ive
optical methods for quality control .. ...................

Detection and characterization of polyphenols by LC-DAD/ESI-CID-QqQ

in Aesculus hippocastanum . ............. ... ... ..
Freeze-Dryving Encapsulation of Red Wine in a Maltodextrin Matrix: characterization
and stability of its phenolic compounds during storage ..  .................
Hemisynthesis and structural characterization of vescalagin-delphinidin 3-Oglucoside
hybrid pigments .... ... Ll
Influence of the oak barrel characteristics on the ellagitannin content in wines during

AgINg e s
Structural Elucidation of Black Tea Thearubigins . . ........ ... .. ... .. ... .......

Colorimetric evaluation of copigmentation between anthocyanins and seed flavanols

from red and white grape varieties ........ . ... ... ... Lo

Fractionation and LC-MS characterisation of the coloured fraction in cider apple juices
Polyphenols variability and their complexation with cell-wall polysaccharides and/or

proteins in Tunisian dates (Phoenix dactylifera L.) from different maturity stages .......

Phenolic acids in the wild mushroom Ganoderma lucidum and synthesis of some
possible metabolites . .. ... ... ... .o o0 Lol o

Total synthesis of (+)-praecoxin B . ...... ... .. ... .. e

Oxygen radical absorbance capacity (ORAC) of bilberry (Vaccinium myrtillus)

powder and nettle (Urtica)seed .. ... .. .. ... ... L

Determination of flavanols and phenolic acids in grape (Vitis vinifera var. Zalema)
pomace extracts by HPLC-MS. Correlation with antioxidant activity .............
HPLC analysis of anthocyanins in Nagai type of Japanese garden iris

(Iris ensata Thunb.) ... .. . ..

TABLE OF CONTENTS

135

137

139

141

153

155
157

159

. 161

163

165

167

171

173
175

177

179
181

183

185

187





