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Abstract: [Objective] The grape skin colour varies mainly due to the difference in the composition and
the content of anthocyanins. Climatic conditions have significant influence on grape ripening and quality.
In Nanning, a two—crop—a—year grape culture system is adopted for different wine grape cultivars. Howev-
er, the differences in composition and content of anthocyanins between winter and summer grape berries
are still unclear. The present study analyzed the differences in anthocyanins in the winter and summer
grape berries of ‘Cabernet Sauvignon’ (Vitis vinifera L.) under two—crop—a—year cultivation system. [ Meth-
ods] The composition and contents of anthocyanins in berry skin were analyzed using HPLC—MS and the
physical and chemical indexes were analyzed during developmental stages. Anthocyanin analysis was
done on frozen grapes after removing the pedicels. Skins were taken from the frozen berries, grinded into
powder and freeze—dried at =40 °C. Grape skin powder (0.50 g) was immersed in methanol (10 mL) con-
taining 2% formic acid. This extraction was performed with the aid of ultrasound for 10 min, and the mix-

ture was then shaken in the dark at 25 °C for 30 min at a rate of 150 r-min™". The homogenate was centri-
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fuged at 8 000X g for 10 min and the supernatant was collected. The residues were re—extracted four
times. All the supernatants were pooled, reduced to dryness using a rotary evaporator and then re—dis-
solved in 10 mL of solvent mixed with 90% mobile phase A and 10% mobile phase B. Solvent A was 2%
(V:V) formic and 6% acetonitrile in water, and solvent B was acetonitrile containing 2% formic acid and
44% water. The resulting suspensions were filtered through 0.22 pm filters prior to HPLC—MS analysis.
An Agilent 1100 series LC-MSD trap VL was used for anthocyanin detection. A flow rate of I mL - min™" at
ambient temperature was used. Proportions of solvent B in the mobile phase varied as follows: 1-18 min,
10% to 25%; 18—20 min, 25%; 20-30 min, 25% to 40%; 30—35 min, 40% to 70% and 35-40 min, 70%
to 100%. Injection volume was 30 pL, and the detection wavelength was 525 nm. The column temperature
was 50 °C. MS conditions were: electrospray ionisation (EST) interface, positive ion model, 30 psi nebuliz-
er pressure, 12 mL-min™" dry gas flow rate, 300 °C dry gas temperature, and scans at m+z"' 100-1 500. An-
thocyanins were quantified at 525 nm as malvidin—3-0-glucoside using calibration curves obtained with-
in a concentration range between 0.5 and 500 mg - I.”', with linear correlation coefficients greater than
0.999.[ Results ] The results indicated that the fresh weight of the winter grape was smaller than that of the
summer grape, but the winter grape had a higher berry skin weight and soluble solid concentration. 17 an-
thocyanins were detected in winter grape skins at mature stage, and 16 anthocyanins were detected in sum-
mer grape skins. The content of total anthocyanins and most of the anthocyanins in the winter grape skins
were significantly higher than those in the summer grape skins. However, the summer grape skins con-
tained higher content of malvidin—3-0-(trans—6—0-coumaroyl)-glucoside. The winter grape had higher
contents of 3’5’ —substituted and 3’ —substituted anthocyanins than the summer grape, and the proportion
of 3’5’ —substituted anthocyanins in the winter grape was higher than that in the summer grape. The con-
tents and proportions of non—acylated and coumaroylated anthocyanins in the winter grape were higher
than those in the summer grape, but the proportion of acetylated anthocyanins in the summer grape skins
were higher. The content of non—-methylated and methylated anthocyanins were higher in the winter grape,
but the proportion of methylated anthocyanins were higher in the summer grape. In Nanning, effective ac-
cumulative temperature and sunlight hours during the growing season of the winter grape were higher than
those during summer grape growing season, but the average temperature of the 3 months before harvest-
ing, rainfall during berry maturation, and hydrothermic coefficient of the 2 months before harvesting in the
winter grapes were all lower than those in the summer grapes. From green fruit stage to full mature stage,
the daily maximum temperature and minimum temperature displayed decreasing trends for the winter
grape, but they showed increasing trends for the summer grape. Daily maximum temperature during the
growing season of the winter grape was always lower than 35 “C , but there were 29 days with daily maxi-
mum temperature =35 °C during summer grape growing season. [ Conclusion] The second half of the year
has much a longer sunlight time, less extreme high temperatures (=35 “C) and drier climatic conditions
than the first half of the year in Nanning, where two—crop— in—a—year grape cultivation system is adopted.
Thus, the winter grape berries have a higher level of maturity, with higher contents of total anthocyanins
and stable anthocyanins than the summer grape. Generally, the climate condition of Nanning in the sec-
ond half of the year was more favorable for wine grape production.
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Table 1 Molecular and fragmentation ions of anthocyanins in the winter and summer grapes of ‘Cabernet Sauvignon’

oI O P AERER

Compounds detected in skins

HFBTSHART

MS and MS*/(m-z"")

o({EE1F ) Anthocyanins content/(ug-g)

£ Winter grape

K Summer grape

FERR-3-0- BRI (A1)
Delphinidin—-3-0-monoglucoside

AT R -3-0-FAEMIT (A2)

Cyanidin—3-0- monoglucoside

AR -3-0- A RN (A3)
Petunidin—3-0-monoglucoside

HIEEAE TS 2R -3-0- S A T (A4)
Peonidin-3-0-monoglucoside

ZHAER R -3-0-HA AT (AS)
Malvidin—3-0-monoglucoside

AR -3-0-(6-0- LI AL)- AT EHI (A6)
Delphinidin—3-0—(6—0-acetyl)-glucoside

LT R -3-0-(6-0-Z Bt Ab) - ATEHH T (A7)
Cyanidin—3-0—(6-0-acetyl)—glucoside

HIIEAE AR R -3-0-(6-0- Lt Ab) - FAATATHI LT (A8)
Petunidin-3-0-(6-0-acetyl)—glucoside

MR R -3-0-(RL-6-0-F T BAL) - FATET (A9)
Delphinidin—3-0~ (trans—6—0-coumaroyl)—glucoside

HIILIET R-3-0~(6-0-Z Btfk) - BATEETT (A10)
Peonidin-3-0-(6—0-acetyl)-glucoside

TR -3-0-(6-0- LA - A AR (A11)
Malvidin—-3-0-(6—0-acetyl)-glucoside

HETT R -3-0-(6-0-Tr T MeAL) - A EMH (A12)
Cyanidin—3-0—(6—0-coumaroyl)—glucoside

HIEAERR R -3-0~(6-0- LA~ AT T (A13)
Petunidin=3-0—(6-0-coumaroyl)—glucoside

AR R -3-0- (M0 -6-0-F TR L) - Al A (A14)
Petunidin—3-0~(cis—=6—0-coumaroyl)—glucoside
THIERE-3-0-(-6-0-F TR - A ATHE T (A15)
Malvidin—3-0—(cis—6—0-coumaroyl)—glucoside

HISEAEAR R -3-0-(RA-6-0-F G Rt1k) - PATETT (A16)
Petunidin—3-0—(trans—6—0-coumaroyl)—glucoside

TR E -3-0~(A~6-0-F TREIL) - A AR (A17)
Malvidin=3-0—(trans—6—0-coumaroyl)-glucoside

S Total content

465 (303) 59.64+4.38 a 2.01+0.10 b
449 (287) 93.98+9.26 Tr

479 (317) 120.08+3.69 a 4.19+0.28 b
463 (301) 76.75+7.45 a 10.65+0.41 b
493 (331) 450.94+25.34 a 116.51£5.13 b
507 (303) 2332045 a 0.77+0.01 a
491 (287) 58.58+4.44 a 2.18+0.30 b
521 (317) 4.99+0.40 a 2.31+0.38 b
611 (303) 414.87+24.57 Tr

505 (301) 35.11+2.64 a 10.77+0.73 b
535 (331) 98.66+1.21 a 114.45+10.82 a
595 (287) 7.94+0.08 a 1.33+0.66 b
625 (317) 0.29+0.11 Tr

609 (301) Tr Nd

639 (331) 31.66+0.83 a 4.64+1.34 b
609 (301) 133.61+10.56 a 22.43+2.32 b
639 (331) Tr 21.23+2.78

1589.44+93.73 a

313.47+1.22 b

TE ARV ING B 2R Al — SRR T TEA R AR 22 5335 B MR- (P < 0.05), Tr 7RI, Nd 2R ARAIF]

Note : Different small letters indicate significant differences at P < 0.05 between winter and summer grape berries, Tr means trace, Nd means not de-

tected.

TR HRGIN 1) 16 Fh AN 2] F FEAEFR 2K -3-0- (I
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3-0-(J2:-6-0-F T LAk ) — S H T, i 5221
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O0- . TiAk) - PR AR 1T . AR SRR B e
£ -3-0-(6-0- L TkAk ) — B4 25 Wi A — HfE AR
£-3-0-(6-0- b)) - as i 2 200 i 1
25 REFHE O SRR RS, e

BB R K -3-0- (R -6-0-FF Tl
1) - PR AR AR . U R ER AR
J R AT MR 1 589.44 wg- !, 1T B L
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Table 2 The contents and the proportions of different modified anthocyanins in the skins of
the winter and summer grape berries of ‘Cabernet Sauvignon’

PRGN R LB w(FE£81F) Anthocyanins content/(jpg-g™") FEEFF I 47 HeA5] Anthocyanins proportion/%
Different modified anthocyanins A Winter grape H I Summer grape 2 Winter grape H A Summer grape
3’5’ -FIHHUT 37 57 —substituent 1317.07£69.87 a 288.55+0.06 b 82.88+0.49 b 92.05+0.37 a
37 —FE LI 37 —substituent 272.37+23.87 a 24.92+127b 17.12+0.49 a 7.95+0.37 b
AL Non—acylated 801.39+50.12 a 131.31+11.02 b 50.41£0.18 a 41.90+3.68 b
LAL Acetylated 199.67+7.44 a 132.54+7.46 b 12.57£0.27 b 42.28+2.22 a
Fr F kL Coumaroylated 588.38+16.17 a 49.62+4.77 b 37.02+0.09 a 15.83+1.46 b
AHFEAE Non—methylated 637.33+12.27 a 6.29+1.81 b 40.08+0.30 a 2.01+£0.50 b
AL Methylated 952.10+5.46 a 307.18+0.59 b 59.91+0.30 b 97.99+0.50 a

TE ARV ING PR RR [Fl— B i E B (O A R ELR A] 22 5k B K- (P < 0.05)

Note : Different small letter between winter and summer grape indicate significant differences at 5% level (P < 0.05).

o A AE T I B B i IR AR (H R AR
i LA B O i 3 AR AR
KA fE S El B e TR, m
SR v R 3 A G H ) 2 v T AR
23 —FERBHERETSEEEST

—AE PSR X T 2015 4R & 2 2016 4FH 2=
DL 1971—2000 4F 4 BERR A Y 1 Z 0]
GUIMBE . R 3 NI, BAREE T HILIX 2015 4 A1l
2016 5 Z= (4S5 I TR 30 a S35 S0 A A A7 AE
255 AR WIS T H sl R — 2, BV T

X AR A K R A SRR RO RE P 00 551, i
A HLRMCHT 34 H - ER I 22 A R i ) R
5 DL BCRISHT 21 A 7K IR BUR T B AR . 20154F
LT 2016 4 R A K BB A BT R L BCR T 24
H 7K R EAETF 30 a FI40H, iR UCHT 34~ H F
BRREE Z A0S T30 a P . 2015 4F A R A K
ZE A ORI AR R B [ R AR T 30 a P
1B, {H 2016 4F B ALIX 2 5453415 T 30 a FH4ME.
&1 2 fir 7R A& S RO & B H e i S
AR AR A E 2 S . AR AZRMIER

R3I BETHER-FRKBERXFEERESEGET

Table 3 Climatic factors during the growing seasons of the summer and winter grapes in Nanning

30 a FI{E (1971—20004F )

S i T 20ISFASR 2016455 Average of 30 years (from 1971 to 2000)
Climatic Fact Winter Summer = —

tmatic Factor grape, 2015 grape, 2016 S PES

Winter grape Summer grape

AR A AR 33995 3348.6 3486.1 32424
Effective accumulative temperature during grape growing seasons/°C
SRCHT 34~ H F-#3R BE 70.5 80.7 57.3 76.3
The average temperature of the 3 months before harvesting /°C
AR FEIC AN K 565.4 409.6 785.6 4784
Sunlight hours during grape growing seasons/h
IR PR i 133 260.4 24.5 207.1
Rainfall of mature month/mm
SRACHTHIAN T BK PR 0.22 1.34 0.58 2.41

Hydrothermic coefficient of the two months before harvesting

I RGBSR B T ARG R AR = X (=10 °C)

St FE AR H IR s A SRR B A KRR B e : 8—12 F FI2BAR

2—6 J s AR AR R B BRI 10—12 A F 4—6 s KRR AR AR T 8002 12 R 6 J1 5 &R AN SR w4~ A
TR 11—12 AF 5—6 J s /KR E=T P/ 1x10, TP ISt 43 B8 A S « B 54 S0RIR

Note: Data from Nanning Meteorological Administration; Active accumulated temperature calculated as T = Y 1i (1i=10 °C) , ti was average daily tem-

perature; The grape growing seasons were February to June for summer crop and from August to December for winter crop; The grape development stages

were April to June for summer crop and from October to December for winter crop; The grape harvesting stages were June for summer crop and Decem-

ber for winter crop; The two months before harvesting were May to June for summer crop and from November to December for winter crop; Hydrothermic

coefficient calculated as K = X P/ tx10, P was total rainfall and t was active accumulated temperature.
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Fig. 2 The maximum and minimum temperatures during the development of winter and

summer grape berries of ‘Cabernet Sauvignon’
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