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Effect of Anthocyanin Composition and Anthocyanoplast Development on Grape Skin Coloration
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Skin anthocyanin content and anthocyanoplast (ACP) development were examined in various grape to clarify the
relationship between skin coloration as measured by a colorimeter. Fully ripened berries of three Vitis vinifera; Cabernet
Sauvignon, Alphonse Lavallee and Ruby Okuyama, three hybrids (tetraploid) of V. vinifera and V. labrusca; Kyoho, Pione
and Olympia, and V. coignetiae were tested. Low values of lightness and chroma indicated dark coloration
accompanied by high skin anthocyanin content. However, the lightness value of V. coignetiae skin was much lower than
that of Cabernet Sauvignon skin, although their anthocyanin contents did not differ significantly. Analysis of anthocyanin
compositions revealed that anthocyanins acylated with p-coumarate were present at higher levels in V. coignetiae skin than
in Cabernet Sauvignon skin. Furthermore, ACPs were found only in the epidermis of Cabernet Sauvignon skin, whereas
many ACPs were detected in both epidermis and hypodermis in V. coignetiae skin. Skin of Kyoho and Pione, containing
similar levels of anthocyanin, there was a marked difference in the percentage skin area occupied by ACP, although no
significant difference was observed in their lightness and chroma values. In Alphonse Lavallee skin, the number of
ACPs per unit skin area was markedly larger but their sizes were smaller than those in Kyoho skin, although anthocyanin
contents and skin color were not significantly different between them. These results suggest that ACP development is not
always related to deep coloration of grape skins.
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T'able 1. Juice constituents in seven grape cultivars at harvest (September 19, 2003).

B 7 h=UJIL=20:80). Species and cultivar TSS (Brix) TA (g/L) pH
JI5YVI b (BEBOMR V. vinifera
BE) : 0 min 10%— 0-30 min Cabernet Sauvignon 19.7 @’ 352b 337 ¢
17.5% —30-60 min 50%. ¥ Alphonse Lavallee 162 b 2.46 c 423 a
P70 e mm Ry Ruby Okuyama 153 b 239 ¢ 387 b
& : 1.0 mL/min. V. vinifera X V. labrusca (4n)
ACPDFRE : 4 (7) D% Kyoho 16.7 b 231 ¢ 417 a
BICHE-> TRRE L. REE Pione 183 a 241 ¢ 397b
DRBICANWCRROFKRE Olympia 18.6 a 1.56 d 430 a
BMNS. HIVYEEE->TI Vitis coignetiae 119 ¢ 11.85a 253d
B D 1IROBREYE (B 2 As tartaric acid equivalent.

&5 mm, BX05 mmEE)

¥ Means are separated by DMRT (p<0.05), n=3.
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Table 2. Color tone? of berry skin in seven grape cultivars.

KEFHIE - KSR - B @& - BER

DREAOEHEELTIE. VE

— e F Y EFY ETIIE

V‘Ssle':;feesr:nd cultivar Lightness Chroma Hue ERESIT. BB WA, 7
Cabernet Sauvignon 26.8 a’ 42 c -1.57 ¢ V7% A INb— EX—
Alphonse Lavallee 184 b 30 ¢ 031 b *. BIBEREEWREAT. X
Ruby Okuyama 270 a 262 b 0.52 a WE - V—EZI 2 RL<TAE

V. vinifera X V. labrusca (4n) HF@, YT RUEEENED
Kyoho 220Db 30 ¢ -0.58 be B, Rkz2EON-BE T
Pione ‘ 210b 56 ¢ 0.00 b xns-.

Olympia 270 a 278 a 0.70 ¢ Table 317. &1 mmih 5

Vitis coignetiae 82 ¢ 38 ¢ -0.12 b

HLUZEY 2 b7 Z2D525 nm

z Lightness, L value; Chroma, (a%+b?)/2; Hue, arctan(b/a)
¥ Means are separated by DMRT (p<0 05), n=6.

Table 3. Skin anthocyanin content in seven grape cultivars.
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Species and cultivar Absorbance (ODs,;)?
V vini A INLV—DIEITERL 73
. vinifera . .
Cabernet Sauvignon 0.1152a° D, VE—-FT YR EFY ¥
Alphonse Lavallee 0.0396 ¢ EY TROBEWEZRLZ. —
Ruby Okuyama 0.0012d BN, BREROT SRS T =
V. vinifera X V. labrusca (4n) CEBRMNMEWIEE., HENSEL
Kyoho 0.0502 be RBEABH o, F, T
pione 00648 b ho S A RAED T
Olympia 0.0026d . N
L U2ET7EIVE— - F I P<id,
Vitis coignetiae 0.1274 a

HEbEN O, TOIENS,

z Anthocyanins were extracted from 1 mm? of skin

sample and dissolved in 50 mL of HCI-MeOH for
Cabemet Sauvignon, Alphonse Lavallee, Kyoho,
Pione and V. coignetiae, and in 25 mL for Ruby

Okuyama and Olympia.

¥ Means are separated by DMRT (p<0.05), n=4.
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Table 4. Percentages of anthocyaninin berry skin of seven grapes.

Species and cultivar

Anthocyanin V. vinifera

V. vinifera X V . labrusca (4n) V. coignetiae

Cabernet  Alphonse Ruby

Sauvignon [ avallee

Okuyama

Kyoho Pione Olympia

Cyanidin
Cy-3-Gl
Cy-3-Gl-Coum
Delphinidin
Dp-3-Gl
Peonidin
Pn-3-Gl
Pn-3-Gl-Ac
Pn-3-Gl-Coum
Petunidin
Pt-3-Gl
Pt-3-Gl-Coum

83
15 19.7
10.9

7.8

6.9

41.1
9.9

17.0

Malvidin
Mv-3-Gl 60.3 315
Mv-3-Gl-Ac
Mv-3-Gl-Coum 31.7
Mv-3,5-Gl
Mv-3,5-GlI-Coum
Unknown 1 11.5
Unknown 2

Others 5.7 9.3 20.5

8.8 5.6 13.9
17.6

49

1.5

16.0

74 7.0

6.9 5.0 11.7

49.6 453 8.6 4.1

19.6 14.6 4.1
46.8
19.8

72
7.6 22.6 29.3 8.6

WAL REZDOIRIVBIATINELIEENTN
o WE— - FU¥<TR, 7 =22P23-7)vay
RBBHEL, 27 > F 722 D40%% DTNz,
Bl EA—FTE. IIEPCROT7 R TZ
MEL, FTHIIED V3-FNVaT ROBB TR
FIVI DA%, L& EDTWe, Y 2 EY Tid.
VYO ERFIVIUNELEEN TV, — A,
YT RUTIIBOBLLENTIED T, DT R
ICHART, PNV RBENTENHHETH oz,
FOoRITZEZZUIACOHNCRSD L. REART
Ry OVE—-F7¥<, V7)) OREFITIZ
TIWVEDETTZ)ALETET L N T UM
<. BERT RUFIZIRENSENE WEHRINED SN
o UL, ACEBRTRUTY., FyroN)L 7
—J—RHEEREOREFICIT. vIVEDNFEA
EFENTVRVWIENRETN "W (11). L&
Mo T, IIVED NI RURKOHAECEEICERE
HEITLZ LR, BEDOT V. ACNHESEE
EEAELTWS EREZASNRM O, 7T VIVEDE
BLZOT VNWVEIZEBRTZ L, HERXGWAN)Y
X+ V—EZ3ALTR. p-ZINEBICE>TT VML
SINET O RITZOOERMMOREBRT RY (TV
T+ IN\NLb—, B, EF—F%, YT RD)
KD bDlahote, £z, HEMEWYITT RUE,

FTIMMEENZT O R T OB SN T, T
ZEMS, TIIMMEENET ORI T ZODOED, B
EEEALTWDAEREENEA SN, 3B, BEL
7 o R T Z MR —E OERNR SNz o T,
7R T2 TOBEICK > TERNERSZD,
TR UMBRIIT RYDBHICKESEELT
waEEZLHNS, LML, BExO7 T Z2id
PHYBE AR DOHRBFIZL > THENKESELTS
2%, SEIOHAETIE. TR TZ U HRERED
BREOMIC—EDBERANR NN EEALN
5,
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SNL—, B, EF—%, YT RUTR, RKE
LHEREOM S TACPHBZE I N, HN)VXR -
V—EZ3 Tk, REBICUNACPREFEELEM -
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Table 5. ACP development in berry skin of seven grapes.

JKEFFSHE - KPEIETE - 8 - M4

bbb, TROUDOBVWE

B, WYy > b

Species and cultivar Skin tissue ACParea No. of ACP Max. diameter of ACP S &
(%) (/mm?) (wm) TZURERET TR
V. vinifera <. ACPNREDMF
Cabernet Sauvignon Epidermis 3.5 ¢ 390 bec 9.0 ¢ = .
- wisis CHE->TRELTWY
Alphonse Lavallee Epidermis 46 ¢ 1130 a 7.6 ¢ HIEMEEREHT
Hy'poder-ml; 127 b 500 b 185 b HDIENTERINS,
Ruby Okuyama Epidermis none .
Hypodermis 07 ¢ 80 ¢ 10.9 ¢ A (7) 1. ACPAY
- il O
V. vinifera X V. labrusca (4n) HEWIZRMELTREXT
Kyoho Epidermis 59 ¢ 220 ¢ 180 b LT EMERBDBELIC
Hypodermis 19.1 a 260 ¢ 31.1 a R
~N 3D,
Pione Epidermis_ 45 ¢ 170 ¢ 18.7 b B59 2 LBNTND
Hypodermis 5i1..© 90 ¢ 27.2 @ LML, EgIEA—
Olympia Epidermis 0.1 ¢ 50 ¢ 40 c &0 b EEAEA
Hypodermis none
TDACPD £ & & ACP
Vitis coignetiae Epidermis 03 c 40 ¢ 10.0 ¢ N
N A
Hypodermis 42 ¢ 150 ¢ 18.8 b DERGHENKED

z Percentage area occupied by ACP.
¥ Means are separated by DMRT (p<0.05), n=6.
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. ; -

Anthocyanoplast (ACP) development in epidermal cells of grape skins. A, Cabernet

Sauvignon; B, Alphonse Lavallee; C, Pione; D, Olympia; E, V. coignetiae. Scale
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