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The compositions and contents of anthocyanins of 14 red wine grape vari-

eties or clones (Vitis vinifera)

XING Tingting"?, YANG Hangyu"?, WANG Wenran"?, YANG Xiaohui"*, WANG Jun"*
(‘Center for Viticulture and Enology, College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083,
China; *Key Laboratory of Viticulture and Enology, Ministry of Agriculture, Beijing 100083, China)

Abstract: [ Objective] The content of anthocyanins in grape is influenced by many factors such as vari-
ety, climate, soil property and training system, but the composition and relative content of anthocyanins of
different cultivars are mainly determined by genetic factors. Therefore, anthocyanins can be used as chem-
ical fingerprints for distinguishing grape varieties. [ Methods] In this study, 14 red wine grape varieties
(clones) (V. vinifera) were used, including ‘Cabernet Franc 409’ ‘Cabernet Franc 327 ‘Dolcetto’, ‘Mer-
lot 343° “Merlot 181 ‘Malbec’ ‘Marselan’ ‘Montepulciano’ ‘Nebbiolo’ ‘Pinot Noir 115 ‘Pinotage’
‘Syrah 100’ ‘Syrah 525’ and ‘Tempranillo’ grown in the Shangzhuang Experimental Station of China
Agricultural University, Haidian district, Beijing, China. Samples were collected in September 10, Septem-

ber 15, September 25, and October 16, 2016, respectively. Three biological repeats were made for each va-
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rieties (clones). The soluble solids in grape juice were measured by hand sugar meter, the pH was mea-
sured by pH meter. The titratable acid concentration of juice was determined by potentiometric titration.
The compositions and contents of anthocyanins of the grape skins were determined by high performance
liquid chromatography—mass spectrometry (HPLC—MS). The contents of anthocyanins of different grape
varieties (clones) were compared and analyzed by principal component analysis. The classification of the
varieties was made by cluster analysis. [Results] A total of 21 anthocyanins were detected. The trend of
the relative contents was malvidin—3-glucoside (Mv)> petunidin—3-glucoside (Pt)> deiphinidin—3-gluco-
side (Dp), and the relative content of cyanidin—3-glucoside (Cy) was low. The content of anthocyanins of
‘Syrah’ was the highest. ‘Pinot Noir 115’ had the highest relative content of malvidin—3-glucoside while
it did not have acylated anthocyanins. ‘Tempranillo’ had higher relative content of delphinidin—3-gluco-
side and petunidin—3—glucoside and ‘Cabernet Franc’ had the lowest value. The relative contents of acet-
ylated and coumarylated anthocyanins were higher than that of caffeylated anthocyanins. The relative con-
tent of acylated anthocyanins of ‘Malbec’ and ‘Syrah’ was higher than that of other varieties (clones).
The acetylated anthocyanins of ‘Cabernet Franc’ and ‘Nebbiolo’ were the highest while the values of
‘Dolcetto’, ‘Malbec’ and ‘Tempranillo’ were less than 20%. The coumarylated anthocyanins in differ-
ent varieties were quite different. ‘Malbec’ had the highest coumarylated anthocyanin’s proportion while
the ‘Montepulciano’ had the highest caffeylated anthocyanins. The relative content of delphinidin—3-cou-
maryl glucoside was relatively low, and it was only found in ‘Malbec’ ‘Syrah’ and ‘Tempranillo’ (<
0.4%). Cyanidin—3—-coumaryl glucoside was relatively high in ‘Merlot’ ‘Syrah’ and ‘Tempranillo’, and
it was not detected in other varieties. 14 varieties (clones) could be divided into two categories by the clus-
ter diagram of the relative content of anthocyanins. The first category included ‘Pinot Noir 115’ and ‘Dol-
cetto’, the second category includes ‘Malbec’ and other varieties. ‘Syrah’ ‘Montepulciano’ ‘Nebbiolo’
‘Merlot’ ‘Dolcetto’ ‘Cabernet Franc’ ‘Pinotage’ ‘Marselan’ were classified to the same class. Among
them, the distance between ‘Cabernet Franc’ and ‘Merlot’ was near, and ‘Marselan’ ‘Pinotage’ and
‘Nebbiolo’ were relatively close. ‘Pinot Noir 115’ and ‘Dolcetto’ were located in the first quadrant,
while ‘Montepulciano’ and ‘Tempranillo” in the second quadrant, ‘Nebbiolo” ‘Pinotage’ ‘Malbec’ and
‘Syrah’ in the third quadrant includes according to the results of the principal component analysis. The
different clones of ‘Merlot’ and ‘Cabernet Franc’ were all located in the fourth quadrant. [ Conclusion]
Different varieties (clones) of grape differ significantly in anthocyanin contents and compositions of fruit
skins. The classification of 14 wine grape varieties by principal component analysis was basically the
same as that by clustering analysis. Anthocyanins can be used as chemical fingerprints for distinguishing
red wine grape varieties (clones).

Key words: Red wine grapes; Anthocyanins; Cluster analysis; Principal component analysis
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Table 1 Information of 14 V. vinifera red wine grape varieties or clones

i WA CiR) HIARSEA GlEE
No. Variety (clone) Stock type Origin
1 fhnEk 409 IEHETH/5BB Grafted/SBB SRS SSTEIA=E )

Cabernet Franc 409

2 GhENER327
Cabernet Franc 327

3 ZZEHE Dolcetto
4 ZELR343 Merlot 343

5 22K 181 Merlot 181

6  hULTE Malbec
7 % Marselan
8 ZEFHMIEI#A Montepulciano
9 MLILEE Nebbiolo
10 ZLLiF 115 Pinot Noir 115

11 HitdE Pinotage
12 PH$7 100 Syrah 100

13 P4%7525 Syrah 525

14 J} Tempranillo

4 1/5BB Grafted/5BB

HARTE Own-rooted
I /5BB Grafted/SBB

45 14i/1103P Grafted/1103P

1§45 17/5BB Grafted/SBB
AL RT/1103P Grafted/1103P
AR Own-rooted
153%1i/1103P Grafted/1103P
TIEE/1103P Grafted/1103P

FHTEH Own—=rooted
I3 /1103P Grafted/1103P

WG HT/1103P Grafted/1103P

HARTE Own-rooted

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
SR RIS QTR ASE )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
BIVE 2% New Zealand

SRS RIS RIA=E )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
SR SRS (TR A=E )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
PR HE 1 (Tl b 2 22) Bodega Langes (Changli county of Hebei province)
BPE 2% New Zealand

BPE 2% New Zealand

BEKH Ttaly

SRS RS T {CL RIA=E )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
BPE 2% New Zealand

SRS (SR ASE )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
SRS RIS QTR A=E )

Great Wall of China Oils and Foods Corporation (Changli county of Hebei province)
BVE 2% New Zealand
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Table 2 100 berries mass, total soluble solids,
titratable acid content and pH of 14 V. vinifera

red wine grape varieties or clones

i oI p(NTii
e TR e am)
GLASLES) Sam )lin, R Tutj lubl '/l‘ill)l(l Wbl H
Pol: g al s S "ald e
Variety (clone) PRt 100 berries x : . : E
? date s solids acid con—
gLt content/% tent/(g- L")
MEHEE409 10 16 H 165.50 18.1 3.87 3.66
Cabernet Oct. 16
Franc 409
MMENER327  10H 16 H 171.27 83 4.39 3.48
Cabernet Oct. 16
Franc 327
ZHEFC 94 15H  180.08 18.2 435 3.42
Dolcetto Sept. 15
XIR343 9H25H 17251 215 2.74 3.87
Merlot 343 Sept. 25
F4R 181 9H25H  142.69 22.0 2.90 3.66
Merlot 181 Sept. 25
E2NE) 9H10H 22720 19.2 5.61 3.64
Malbec Sept. 10
L2755 S 9OHISH 122.86 20.4 4.58 351
Marselan Sept. 15
SHEfidrin 10H 16 H 251.61 18.2 6.89 3.25
\"Innlr'puh'iunn Oct. 16
LR 10H 16 H 23095 20.5 2.87 3.98
Nebbiol Oct. 16
M5 9H10H  150.66 20.1 5.48 3.52
Pinot Noir 115 Sept. 10
LeiE 9HISH 17779 21.9 426 3.68
Pinotage Sept. 15
P57 100 9HI15H 163.50 21.9 429 3.68
Syrah 100 Sept. 15
P47 525 9HI15H 185.91 20.1 4.84 351
Syrah 525 Sept. 15

R E R R E R T 6 g L, ER
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WHER-3-HERETT . B 1157 36K 3437 £ %€
AN ER T B W AR T R -3 A0 AR
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Table 4 Anthocyanin profiles of 14 V. vinifera red wine grape varieties (clones) according to relative anthocyanidin distribution

%
B GEZ) 7{42% ?E%“— EP%?E m%ﬁz ;HJ{E AL VU 7 S IS e [ TS e
Variety (clone) =K =K R TRR RHA Non-acylated A(:t,:tyl . CmeaT”oyl Caff.eoy.l
Dps Cys Pts Pns Mvs derivatives  derivatives Derivatives
N ER 409 Cabernet Franc 409 1.27 1.17 475 2592 66.89 41.27 35.02 20.55 3.16
FBIHER 327 Cabernet Franc 327 1.20 1.52 499 29.10 63.19 41.68 32.56 22.42 334
£ FEFE Dolcetto 2.06 2.54 9.80 2241 63.09 58.11 13.37 22.79 5.73
215 343 Merlot 343 2.05 8.23 7.82  18.56 63.08 46.49 28.23 24.03 1.25
244K 181 Merlot 181 2.02 6.83 871  14.66 71.21 45.51 29.37 23.92 1.20
01 58 Malbec 1.01 0.14 1042  7.66 80.77 24.36 15.24 55.23 5.17
43352~ Marselan 1.72 0.65 839  5.10 84.13 45.43 24.16 24.49 5.92
SERF A 1T Montepulciano 330 290  13.87 1220 67.55 51.68 21.31 20.35 6.66
N EL % Nebbiolo 2.81 1.54 852 836 78.50 36.64 34.56 23.55 5.24
HLEI 115 Pinot Noir 115 0.47 232 9.92  20.87 66.41 99.88 0.00 0.12 0.00
He ST Pinotage 1.33 1.05 952 9.90 78.19 44.41 26.84 26.56 2.19
PE$7 100 Syrah 100 2.38 4.30 6.99 24.67 61.38 31.02 26.12 38.03 4.83
P4 525 Syrah 525 1.69 4.11 7.19  27.73 59.06 33.16 22.39 40.30 4.15
JH Tempranillo 4.88 494 1577 1026 64.14 48.32 12.25 38.68 0.75

B AL AT A & iR S B IR S D
TR B LB ARAE B AT B R AN T 20% . A
FAL AL T AE AR b 2 (B 22 SR, S DL v 1Y
Fr B AE AT FHX B i oK, BRI e T
Pl . A, PRI RN PR A G A T
AFRT B et i T L A A SRR AT ATV B mh gt
I Ot & e hm, M 6.66%. B 1157 JLF
AT AL AT

JUR AL A & 0 (AR DL S T .
RS TIAL, BRI S Ac/ Y Ca i i 25K T HoA

Fi(E R, TCm/ Y CafHE R, 2534, SR
AL AE B, IR fL SR 7 L /N SRR A A
L S ZIEFE 1 X A/ X CafH
WS CPHI Y Co/ Y Ca il 5835 5 T HiAth
Tl AT LUE Y, 75 LB PRI 4B (O Y AL
FAY R LR PHEL 9 X PY Y Pn AT Y Dp/ X Pn
(HI R RV AT S AR AE L, A AR
RO R SR A R 1157 1 24 1
AR, ER B S PUS PTG 5 ¢ %48
R 115 R PR e E 2
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Table 5 Anthocyanin ratios of 14 V. vinifera red wine grape varieties (clones) based on anthocyanin compounds

() Variety (clone) Y Ac/XCa > Cm/X Ca > Pt/XPn > Dp/ X Pn
SHTNER 409 Cabernet Franc 409 11.08+0.31 ¢ 6.50+0.04 efgh 0.18+0.02 0.05+0.00 fgh
FTNER 327 Cabernet Franc 327 9.75+0.09 ¢ 6.72+0.05 efg 0.17+0.03 £ 0.04+0.00 gh
£ FEFE Dolcetto 2.33+0.09 fg 3.98+0.03 gh 0.44+0.05 ef 0.09+0.01 defg
225 343 Merlot 343 22.66+0.64 a 19.30+0.74 b 0.42+0.02 ef 0.1120.00 de
22K 181 Merlot 181 24.43+0.19 a 19.89+0.54 b 0.5920.02 de 0.140.00 d

4 1 55 Malbec 2.95+0.29 efg 10.69+0.21 cd 1.3620.08 ab 0.130.02 d

T35 2% Marselan 4.09+0.22 def 4.15£0.21 gh 1.65+0.24 a 0.34+0.02 b
S2FA 2545 Montepulciano 3.20+0.02 ef 3.06+0.04 hi 1.14+0.06 be 0.27+0.01 ¢

P LB Nebbiolo 6.61x0.49 d 4.50+0.22 fgh 1.02+0.11 be 0.34+0.02 b
MLH 115 Pinot Noir 115 - - 0.48+0.20 ef 0.02+0.00 h
HE# ST Pinotage 12.49+2.42 ¢ 12.34+2.19 ¢ 0.9620.01 cd 0.130.01 d
PEH7 100 Syrah 100 5.42+0.33 de 7.8920.49 def 0.2920.00 ef 0.10£0.01 def
PEH525 Syrah 525 5.40+0.22 de 9.7120.42 cde 0.2620.02 ef 0.06+0.01 efgh
P Tempranillo 16.25+0.03 b 51.35£1.70 a 1.5420.09 f 0.48+0.03 a

o AR/NGFRFORTE P<0.05 F2EFRE.
Note: Different small letters indicate significant difference at P < 0.05.
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Fig. 1 Cluster analysis of 14 V. vinifera red wine grape varieties (clones)
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Fig. 2 Principal component analysis using relative content of anthocyanin in 14 V. vinifera red wine grape varieties (clones)
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