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Effect of simple rain-shelter cultivation on flavonoid profiling in Vitis vi-

nifera ‘ Cabernet Sauvignon’ grape berries
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Abstract: [Objective] Different from the white wine grape berries, the red wine grape berries contain
flavonoid metabolites such as anthocyanins, flavon-3-ols and flavanols. Flavonoids are important com-
ponents that determine the color, taste and aging potential of the wine, and their composition and content
in the fruits directly affect the quality of the wine. Although the effects of rain-shelter cultivation on the
accumulation of phenolic compounds in grape berries have been described considerably, the results are
not consistent due to variations in climates and culture variables. The influence of rain-shelter cultiva-
tion on flavonoid profile in developing grape berries has not yet been investigated in detail. The present
study assessed the variations in the composition and contents of various flavonoid components during
the development of grape berries (Vitis vinifera ‘ Cabernet Sauvignon’) under the rain-shelter and open-
field cultivations in two cropping seasons, and analyzed the impact of the rain-shelter cultivation on fla-
vonoid metabolism in grape berry. The outcome of the study would provide guidance to viticulturists
and winemakers who consider the application of rain shelter in wine grape production.{Methods]The ex-
periment was carried out in 2012 and 2013 in the vineyard of Changyu Aibifu International Winery in
Miyun County, Beijing. The test materials used in this experiment were self-rooted seedlings of V. vinif-

era ‘Cabernet Sauvignon’ colonized in 2003. In the experiment, three experimental plots with similar
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growth status of grapevine plants were selected. Three experimental plots (regarded as three biological
replicates) were set up in each of the two cultivation methods. There were 40 grapevines in each plot.
The simple rain shelter was built with a height of 185 ¢cm (about 12 ¢cm from the top of the canopy), a
width of 110 ¢cm and a roof curvature of 125 cm. The covered material was 6.5 filament longevity film,
which was polyethylene anti-aging film with a thickness of 0.10-0.12 mm and light transmittance about
80%. Sampling interval was 1-2 weeks until the berries were fully ripe. In rainy days, the sampling time
was 1-2 days in advance or postponed. According to this principle, grape berries were sampled at 20, 37,
50, 64, 71, 78, 87, 97, 112, 125 and 135 DAF for the 2012 vintage and at 14, 28, 41, 57, 67, 78, 97, 112
and 124 DAF for the 2013 vintage, of which the first two sampling dates had samples only under open-
field cultivation. Samples were analyzed for weight, volume, Brix, pH and total acids. The flavonoid
components, including flavonols, flavan-3-ols and anthocyanins were qualitatively analyzed during the
development of the berries under the rain-shelter cultivation and the open-field cultivation by high per-
formance liquid chromatography-mass spectrometry (HPLC-MS). [Results]During the two years, the
weight of grape berry showed a typical double “S” pattern during the growth process. As the fruit devel-
oped, the weight gradually increased. And there was no significant difference in ripening and harvest pe-
riod. The trend of fruit volume was similar to that of fruit weight in the two years, but in 2012 the berry
volume under open-field cultivation was always higher than that under rain-shelter cultivation. The trend
of sugar/acid ratio was the same under the two cultivation modes in the two years. In both years, the
weight and the volume of the berries during harvest period were higher in 2013 than in 2012. The sugar/
acid ratio was higher in 2012 under the two cultivation types. The HPLC-MS results showed that the
composition of flavonols, flavan-3-ols and anthocyanins were not modified under rain-shelter cultiva-
tion in comparison to that under the open-field cultivation. Generally, the rain-shelter cultivation led to
increased concentrations of flavonols, in particular the accumulation of 3”4’ -substituted quercetins, and
it also elevated the proportion of 5’ -methylated flavonols and 5’ -methylated flavan-3-ols. However, the
total content of flavan-3-ols was hardly affected under rain-shelter cultivation. Besides, this cultivation
mode promoted the synthesis of 3’4’ 5-substituted dephinidin-form anthocyanins in the two experimen-
tal years as well, although it was observed that the rain-shelter measurement produced different impacts
on anthocyanin production. The total content of anthocyanins in rain-sheltered fruit in 2012 was signifi-
cantly higher than in fruit produced under open-field cultivation, but the opposite situation appeared in
2013. This was possibly because the more rainfall in 2012 enlarged the difference between the two culti-
vation modes. Partial least square discriminant analysis (PLS-DA) indicated that anthocyanins changed
most significantly among the three kinds of flavonoids in the berries, and dephinidin-3- O-glucoside-6-
coumaroyl was obviously reduced in the rain-sheltered grapes in both years, whereas petunidin-3-O-glu-
coside-6-coumaroyl was markedly raised.[Conclusion] The rain-shelter cultivation could minimize the
variation in the synthesis of flavonoids especially anthocyanins in berry skin caused by climate changes.
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Table 1 Main meteorological parameters of Miyun, Beijing in grape growth seasons of 2012 and 2013
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Fig. 1 Hundred-grain weight, hundred-grain volume and sugar-acid ratio
in grape berries under the rain-shelter and open-field cultivations in 2012 and 2013



5573

ZERTEE S5 ] By 8 R AR X AR R R4 SR S ) R AL P R 807

PERRLL AR o 72 2 N4 o, A A R SRR AR
REP T R YL ST AL, BEE RS E, R
SR . 2012 4, 6 F R R SR AERE N
Y] SR S B BT B R, B R
WP A B VR ZE 5 2013 4F, 2 PR AU R
SR AT AL BT, SRt i A L € 58
JRJE B 1A s iR MR e T R R HLAR N )
BTRAHBEEER.

W8 R LARFR I BRI, 2 aCHED [ AR AL i 3
55 RSB EARL, ASF S S 2012 4F R R 2R sk
RG24 1y T8 M AR JCHAE RO L T — A
WY b T 3 T 2013 47 R SEARRAFE B2 s Rk B 5
BEF RS TR ZHORE WIS B E R, (e
025 PRI 6 AR 10 SR SRR L BRI, 2R T
TR -

2 AN IR BE R LU AE 2 Pl AR 545 20 T AR 1L
A —. 162012 FF AL HA 2 56 B 55 00, 2 Bl o
AR IR LU B A SR S G b Tt 7R RS,
Tt Rk R T AL SRR Ly T R AR S, FL A
THWH BEMER 2013 FEBANELRE NN, 2
Tt Rl R A 3 R L A0 A W M 2 e AAE SRR
HHBERR LUAE 2 PoRSE BN A B . be2 A
SR, 7R RO, DR S0 R0 SR SRR 1 O 2013 4
T 2012 4%, FERR EL U A 2012 S &

22 XREEBEZAKF S R

HER 2 A1 L, 75 2 AN E o, 2 Ak i A =0 AR
e ) F sz BRI B 12 Rl B RAL A, B S
Fbist Rz 35 2803 M Ll 25 W 2K A0 4 Bl G IR 2K, SR B 4F
R AR 0T SR S B P I () P R A R . 7R K
SRRSO ) SR st e D R T I S B R -3-

R2 2012.2013 FRMBENZIHRERA TAFREERB S SHEIENRNSE

Table 2 The concentrations of various flavonols in grape berries at harvest under

rain-shelter and open-field cultivations in 2012 and 2013 (mg-kg")
i FEAy I Cultivations
Flavonols Years 1Y% HT Rain-shelter cultivation Fz AR KS Open-field cultivation
i He 3Rk Wi e 2R -3-O- i % W E IR 1 2012 0.73 0.63
Quercetins Quercetin-3-0O-glucuronide 2013 0.73 0.64
A FR-3-O- R R 2012 0.11 0.07
Dihydroquercetin-3-O-glucoside 2013 0.11 0.07
2 3 -3-0-2F FURE 2012 0.07 0.06
Quercetin-3-0-galactoside 2013 0.07 0.06
ik e 3% -3-O- % 2 i 2012 0.43 0.37
Quercetin-3-O-glucoside 2013 0.43 0.38
S REER-3-0-FEETY 2012 0.09 0.10
Isorhamnetin-3-O-glucoside 2013 0.09 0.10
IIESUES 125 -3-0-2F AL H 2012 0.10 0.13
Kaempferols Kaempferol-3-O-galactoside 2013 0.20 0.16
LI X Y-3-O- 7 ) WE BE IR TF 2012 0.07 0.09
Kaempferol-3-O-glucuronide 2013 0.14 0.11
L £ -3-0-F B HE Y 2012 0.12 0.13
Kaempferol-3-O-glucoside 2013 0.22 0.16
ZLi=l e W I-3-O-H BIFERE IR 17 2012 0.05 0.07
Myricetins Myricetin-3-O-glucuronide 2013 0.05 0.05
P M I-3-O- 41 2 i 2012 0.03 0.07
Myricetin-3-O-glucoside 2013 0.03 0.05
PEAH I 5 A8 B 2012 0.05 0.05
Laricitrin 2013 0.06 0.04
THE=E 2012 0.07 0.04
Syringetin 2013 0.08 0.03

O-H EIHERE R NI B2 K -3-O- &I B, —H &=
R TR S R 61% L L.

AL 5% B I I A R P A2 A (I 20 R RURCEEL, 2012
AN12013 4 2 PR T S i 2 B 2 BT T
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Hhd BN R R T AR B2 AN
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Fig. 2 The contents of total flavonols and various flavonols in grape peel under

rain-shelter and open-field cultivations in 2012 and 2013
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Fig. 3 The content of total flavanols and various flavanols in grape peel under

rain-shelter and open-field cultivations in 2012 and 2013
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Table 3 The concentrations of various anthocyanins in grape berries
under rain-shelter and open-field cultivations in 2012 and 2013 (mg-kg"
yIAGRES F L Cultivations
) FAy Years S . . . .
Anthocyanins JBERYARHS Rain-shelter cultivation & HifkiT Open-field cultivation
TERZK LR R -3-O- M B E AT 2012 1 861.72+24.06* 1079.15+44.71
Delphinidin Delphinidin-3-O-glucoside 2013 2 676.24+24.46 3 183.13+115.72*
TEEE R QAL A 2 W T 2012 1 038.47+33.00* 754.32+39.54
Dp-acetylglucoside 2013 1 156.12+31.65 1156.12+31.65*
TER KA A T b T 2012 83.01+4.41 75.62+1.64
Dp-coumaroylglucoside 2013 140.02+3.43 176.07+3.09*
FHIETE 2R 35-3-O- I BT 2012 1 133.44+42.75* 753.13+21.96
Petunidin-3-O-glucoside 2013 1 540.69+42.91 1567.59+21.38
FHIETE 22 38 2 Ik A 61 2 W 2012 481.44+24.34% 337.5349.42
Pt-acetylglucoside 2013 902.26+30.30 1 152.00+9.42%*
AL 3R 3 LA A W 7 2012 130.98+4.93* 107.42+4.73
Pt-coumaroylglucoside 2013 212.43+4.94 157.28+111.59
THAERR R -3-0-F H T 2012 10 066.28+193.24* 7760.52+216.58
Malvidin-3-O-glucoside 2013 9 658.89+252.79 10 475.324+307.18*
IR LA AT 2012 6 107.40+231.66* 4 690.95+201.19
Myv-acetylglucoside 2013 6921.92+231.32 7 405.75+276.57
TR AR s A A R 2012 1 813.16+33.68* 1 553.12484.49
Mv-coumaroylglucoside 2013 2 763.51£203.71 3317.87£279.51
TEHERRE 1675 2R-3-0- M B NE 2012 276.33+11.13% 155.43+5.49
Cyanidin Cyanidin-3-O-glucoside 2013 6203.29+£10.95 6 867.16+28.82
T R LA b T 2012 21.33+0.34* 41.87+0.77
Cy-coumaroylglucoside 2013 62.19+0.35 67.26+2.94*
TET &R LA A E i 2012 78.89+0.77* 52.86+1.34
Cy-acetylglucoside 2013 92.47+2.81 112.59+3.09*
HIEIE T 3-3-0-F &I M 2012 1224.32+18.50* 805.38+40.88
Peonidin-3-0O-glucoside 2013 1199.07+£30.27 1199.07+30.27
FBE AL 75 3% Tk A e 2012 591.69+16.39* 397.44+13.50
Pe-acetylglucoside 2013 876.77+24.44 886.11+51.69
FHIETE 7 3% S oy S I A 461 26 W 2012 269.66+6.19% 219.32+11.27
Pe-coumaroylglucoside 2013 500.44+20.58 572.27+£31.85%

R R A S5 R 4 20 il 9 25 178.27 mg- kg
FT 18 784.06 mg- kg'', ¥ WY R 47 Lb 52 b Ak 55 = 2
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Fig. 4 Effect of rain-shelter cultivation on the content of total anthocyanins in 2012 and 2013
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Fig. 6 Effect of rain-shelter cultivation on the contents of non-acylated, coumarylated and
acetylated of 3’ -substituted and 3’ 5’ - substituted anthocyanins in 2012 and 2013
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