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Fig.18 Transmission spectra of acrylic boards for covering grape
clusters.
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Table 16 Average day and night temperatures under covering materials
during the period of treatment (6.30-8.26).

Average tempera- Average tempera-
Treatment ture(C) at 3 p.m. RURCIECR) At w8 Enems
Black bag 32.5 BN
Acrylic plastic
Red 313 =3 25.6
Orange RIS 25.8
Blue SRRl 2.
Colorless 32.8 25.6
Control 31.6 25. 4
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Table 17 Effects of covering materials on anthocyanin composition (%)

in skin of grape cultivar ‘Flame Tokay'

Anthocyanidin” Glycoside*
Covering D1®
material Cy Pn Dl Pt Mv type Me-An® MG Acy
Black bag 0 0 0 0 0 0 0 0 0
Acrylic plastic
Red 100 0 0 0 0 0 0 100 0
Orange 100 0 0 0 0 0 0 100 0
Blue 100 0 0 0 0 0 0 100 0
Colorless 100 0 0 0 0 0 0 100 0
Control 99 0 0 0 0 0 100 0

> Cy:Cyanidin. Pn:Peonidin. Dl:Delphinidin. Pt:Petunidin. Mv:Malvidin.
D1 type:D1+Pt+Mv. “ Me-An:Pn+Pt+Mv.
v MG:3-monoglucoside. DG:3.5-diglucoside., Acy:Acylated anthocyanin.
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Table 18 Effects of covering materials on anthocyanin composition (%)

in skin of grape cultivar ‘Queen’

Anthocyanidin’ Glycosid
Covering M
material G [P J0ILS 1P & g type Me-An* MG Acy
Black bag § 88 0 0 0 0 88 100 0
Acrylic plastic
Red 14 64 4 SIIEG 22 82 100 0
Orange W 53 5 ] 30 78 100 0
Blue 185613 4 4 24 32 81 100 0
Colorless 16 50 6 B L 34 gB 100 0
Control 12 56 I 1 30 32 7 100 2

* Cy:Cyanidin. Pn:Peonidin. Dl:Delphinidin. Pt:Petunidin, Mv:Malvidin,
Dl type:Dl+Pt+Mv. “ Me-An:PntPt+Mv,
¥ MG:3-monoglucoside. DG:3.5-diglucoside. Acy:Acylated anthocyanin.

Table 19 Effects of covering materials on anthocyanin composition (%)

in skin of grape cultivar ‘Schuyler’

Anthocyanidin* Glycoside?
Covering D1z
material Cy Pn DI Pt Mv type Me-An* MG DG Acy
Black bag AN 218 s M0 7 41 58 76 59 41 58
Acrylic plastic
Red NORSS11078 NkIEs BIGESN5() 80 9 58 42 67
Orange 10 9 9y 208512 81 81 60 40 65
Blue 9 9 10 18 54 82 81 62 38 5%
Colorless 8 w20y 288 87 80 60 40 65
Control il T Slds S0 bl 86 s 61 39 61

* (Cy:Cyanidin. Pn:Peonidin, Dl:Delphinidin. Pt:Petunidin. Mv:Malvidin,
Z D] type:D1+Pt+Mv, * Me-An:Pn+Pt+Mv,
¥ MG:3-monoglucoside. DG:3,5-diglucoside, Acy:Acylated anthocyanin.
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Table 20 Effects of dark treatment to cluster on anthocyanin composi-

tion(%) in skin of grapes.

antho- Anthocyanidin® Glycoside®
Treat- cyanin D1
Cultivar ment content> Cy Pn Dl Pt Mv type: Me-An* MG DG Acy

Steuben Light 108.3 48 0 52 0 0 52 0 SRR
Dark 24.17 80 0 20 0 0 20 0 94 6 4

Beni Light 30.5 72 0 28 0 0 28 0 93 7 8
zuiho Dark 0 0 0 0 0 0 0 0 0 0 0
Suffork Light ATl 94 3 8 0 0 3 8 96 4 B
red Dark 0 0 0 0 0 0 0 0 0 0 0
Ryuho Light 99.8 73 a7 0 18 10 B2 WIEE S
Dark 29w 1l 70 30 0 0 0 0 30 T2 7

New York Light 109.4 46 30 il 8 9 24 417 90 10 36
Muscat Dark 11559 415853 0 2 54 g5, s 8

B g e

¥ Cy:Cyanidin, Pn:Peonidin. Dl:Delphinidin. Pt:Petunidin. Mv:Malvidin.
D1 type:Dl+Pt+Mv, “ Me-An:Pn+Pt+Mv,

MG;3-monoglucoside, DG;3.5-diglucoside. Acy:;Acylated anthocyanin.

N
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‘Muscat of Alexandria’ , ‘Steuben’ X "Konigin der Wein-
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seedless’ , il sels g sl SRl g “ltalia’ X ‘Rizamat' ,
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Table 21 Anthocyanin compositions(%) in fruit skins of grape cultivars

and their hybrids. ( "Steuben’ X ‘Muscat of Alexandria' )

Anthocyanidin® Glycoside*
R uist D1*

Cultivar color (05281 2071 B ) LSS 2 Wy Type Me-An* MG DG A
¢ Steuben Black 28 0 72 0 0 72 0 76 24 37
o Muscat of White 0 0 0 0 0 0 0 0 0 0

Alexandria

Fi @ Black 4 B8 4 by BE 65 94 B DI 18
@) Black 38 5 5 47 5i 90 76 24 187
©) Black SS9 4 4 44 52 87 TIew 22 46
@ Black ™29 7 w50 64 86 L2328
® Black SIS 6 6 48 60 86 81 19 50
® Black 7 28 8§ 10 47 65 85 (15 MGt 7
@ Black 8y =18l 9 9 43 61 83 Sl Rg 20
Black 8§ 38 9 9 36 54 83 82 18 13
© Black 5 28 0 IS 9 44 66 82 90 10 13
() Black 12 42 6 6 34 46 82 84 16 56
) Black 9 49 g BINN25 42 82 98 7 5
@ Black 14 41 5 - i 45 81 92 8 9
® Black SRS 2my ) lmg T (86 60 81 87 13 66
ry Black WG 27 s A2, 30 5) ] 69 100 0 20
® Red 11 48 4 IR 83 41 85 86 14 23
® Red il B 8 B 1§ 35 61 8191 11 5
® Red 25 BEd 8 5 9 22 67 SIS 5 13

2Cy;Cyanidin. Pn;Peonidin, Dl;Delphinidin. Pt;Petunidin, Mv;Malvidin
¥D1l Type;D1+Pt+Mv, *Me-An;Pn+Pt+Mv,
“MG;3-monoglucoside, DG;3,5-diglucoside, Acy:;Acylated anthocyanin.
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Table 22 Anthocyanin compositions (%) in fruit skins of grape cultivar

and their hybrids. ( "Steuben’ X ' Konigin der Weingarten' )
Anthocyanidin* Glycoside"
Rt Dlv
Cultivar color Cy Pn D1 Pt Mv Type Me-An*> MG DG Ac
€ Steuben Black 28 0 72 0 0 7% 0 76 24 3
o Konigin der White 0 0 0 0 0 0
Weingarten
Fi @ Black 151515 5 L8 33 83 100 0 40
@ Black 0 34 6 8F N5V 66 94 100 0 bI
@ Black 0 34 0 0 66 66 100 80 20 30
@ Black 0 7 4 4 85 93 96 100 0 30
® Black OF 8101 3 g2 N8 89 9K 100 0 24
® Black " 4 4 76 84 94 100 0 22
@ Black 10 42 0 0 48 48 90 100 0 16

2Cy:Cyanidin, Pn:Peonidin, Dl:Delphinidin, Pt:Petunidin. Mv:Malvidin
YDl Type:D1t+Pt+Mv, *Me-An;Pn+PttMv,
“MG:3-monoglucoside, DG:3.5-diglucoside., Acy:Acylated anthocyanin.
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Table 23 Anthocyanin compositions (%) in fruit skins of grape cultivars

and their hybrids. ( ‘Super Hamburg' X ‘Himrod seedless’ )

Anthocyanidin? Glycoside®
Fruit DRI
Cultivar collion Cy Pn Dl Pt Mv Type Me-An* MG DG Acy
Q Super Hamburg Black 10 4 78 89 95 33 67 69
g Himrod White 0 0 0 0 0 0 0 0 0
seedless
Fi. @ Black 0 16 3 8§ 73 84 97 20N 518
@) Black 0 38 3 51 a5Y 62 9¥ f) Wil & 68
® Black AN 18] SRR 76 87 100 0 40
@ Black 0 Sz 8o, LS 97 68 45 55 68
® Black 0 4 45 21 30 96 015 24 76 il
® Red 36 46 7 5 6 18 bl I 42

ZCy:Cyanidin, Pn;Peonidin, D1:Delphinidin., Pt:Petunidin. Mv:;Malvidin
YDl Type;D1+Pt+Mv, *Me-An:Pn+Pt+Mv,
“MG;3-monoglucoside. DG;3.5-diglucoside, Acy:Acylated anthocyanin.
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Table 24 Anthocyanin compositions (%) 1n fruit skins of grape cultivars
and their hybrids. ( ‘Italia’'x ‘Mills'. ‘Italia’ X ‘Rizamat’,

‘ITtalia’ X ‘Muscat Hamburg’

Anthocyanidin? Glyco ide"
Fruit D1

Cultivar color Cy Pn DI Pt Mv Type Me-An> MG DG Acy

2 ktalifa White 0o 0 0 0 0 0 0 0 0 0

I Mills Black 10 20 25 14 31 70 65 89 11 5

F iy Black 10 24 20 12 34 66 70 100 0 12

® Red 54 22 16 8 0 24 30 100 0 14

©) Red 4¢ 36 11 9§ @ 16 41 94 6 11

@ Red 76 17 7 0 0 7 17 100 0 11

Q Italia White 0o 0 0 0 © 0 0 0 0 0

o' Rizamat Red 1% rd 19, 62 79 82 100 0 26

F @ Black 0 10 0 10 80 90 100 100 0 0

@) Black 0 24 0 5 71 76 100 100 O 0

©) Black 0 32 4 0 64 68 96 100 0 0

@ Red 4 30 7 10 49 66 89 100 0 11

® Black 0 56 1 42 44 99 100 0 0

® Red 60 0 40 40 100 100 O 9

@ Red 4 73 4 15 23 92 100 © i

Red 14 72 0 0 14 14 86 100 0 0

2 Ttalia White 0o 0 0 0 0 0 0 00 0

o' Muscat Black 20 16 13 13 38 64 67 100 0 0
Hamburg

F. '@ Black 0 40 0 60 60 100 100 0 0

@ Black 0 40 3 54 60 97 100 0 4

® Red 19 64 4 4 9 17 77 100 0 7

@ Red 15 84 0 0 84 100 0 O

zCy:Cyanidin. Pn:Peonidin, Dl:Delphinidin, Pt:Petunidin, Mv;Malvidin
$D1 Type:D1+Pt+Mv, *Me-An;Pnt+Pt+Mv,
“MG:3-monoglucoside. DG:3,5-diglucoside. Acy:Acylated anthocyanin.
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Table 25 Anthocyanin compositions (%) in fruit skins of grape cultivars

and their hybrids. ( ‘Seneca’ X ‘Chasselas rose’

Anthocyanidin? Glycoside®
Fruat D1v

Cultivar color Cy Pn DI Pt Mv Type Me-An* MG DG Acy
2 Seneca White 0 0 0 0 0 0 0 0 0 0
o Chasselas rose Red 65 31 2 2 + 4 & 100 0 0
F1rO Red 26615 3 0 6 9 fial 100 0 7
® Red 58 42 0 0 0 0 40 100 0 0
® Red 67 32 i 0 0 1 32 98 2 0
@ Red S IEY 0 0 0 0 19 100 0 16

ZCy:Cyanidin. Pn:Peonidin. Dl:Delphinidin, Pt:Petunidin, Mv:Malvidin
vDl Type:D1+Pt+Mv. *Me-An:Pn+Pt+Mv,
“MG:3-monoglucoside. DG:3,5-diglucoside. Acy:Acylated anthocyanin.

1St Falcie
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Table 26 Anthocyanin compositions (%) in fruit skins of grape culti ars
and their hybrids. ( ‘Delaware’ X ‘Muscat Hamburg' ., ‘Dela-

ware X ‘Queen’ )

Anthocyanidin? Glycosid
Fruit D1v
Cultivar color Cy Pn D1 Pt Mv Type Me-An* MG DG Acy
? Delaware Red 29 60 0 RS L] 101 7l 937 16
o Muscat Black 2100 1T SN3E RN 318 64 67 100 0 0
Hamburg
F @ Black SN2 25 fili 85 100 0 +
@ Black 80 )L {] 19 98 S 0
©) Black 85 L2 14 98 96 4 0
@ Black Wl 75 3 3 8 14 86 100 0 0
® Black 34 58 ) 4 8 63 100 0
? Delaware Red 29 60 0% Ul 11 7l 93 7 16
o Queen Red 12 56 IS0 32 87 100 0 2
Fy @ Red P g R £ % + 93 99 0
@ Black 10 88 0 2 89 98 11
©) Red ZAE RS0 8§ 14 32 69 96 4
@ Red 60 20 17 3 0 20 23 100
® Red 717 SIS 0 0 145 8 100 0 0

zCy:Cyanidin, Pn;Peonidin, Dl;Delphinidin, Pt:Petunidin, Mv:Malvidin
D1l Type:D1+Pt+Mv, *Me-An:Pn+Pt+Mv,
“MG:3-monoglucoside, DG;3.5-diglucoside, Acy:;Acylated anthocyanin.

L DRace

S5



Table 27 Anthocyanin compositions (%) 1n fruit skins of grape cultivars

and their hybrids. ( ‘Catawba’ X ‘Muscat amburg’ ‘Catawba’
selfing)
Anthocyanidin? Glyco 1de”
RSkt D1¥
Cuslitrisvias color Cy Pn DI Pt Mv Type M -An* MG DG A
? Catawba Red T ¥l 0 0 0 0 22 72 28 36
o Muscat Black 200 SIGERSISE RS ERRIE 64 67 100 0 0
Hamburg
Fi. @ Black + 43 0 0 57 30 100 41 59
@ Black 814 65 67 98 99
©) Black 3 30 65 67 96 76 24
@ Black 2 20 8 7 63 78 90 97 8 6
® Black 11 3 L (0) A5 88 90 NS 0
® Blesly 1% 88 -4 Hg 4 54 85 89 11 0
@ Black 21 36 31 43 78 92 33
Black 37 47 0 ARG 16 63 78 22 0
©) Black 9 81 0 0 10 10 91 97 SN
() Red 1% 286 0 0 0 0 28 &3 Wl
Catawba selfing
@ Red 58 42 0 0 0 0 42 84 16 0
@) Red 99 + 0 0 + 90 10 10

2Cy:Cyanidin, Pn;Peonidin, D1l:Delphinidin, Pt:;Petunidin, Mv:Malvidin
*D1 Type;D1+Pt+Mv, *Me-An;Pn+Pt+Mv,
“MG;3-monoglucoside, DG:;3,5-diglucoside, Acy:Acylated anthocyanin.
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Table 28 Anthocyanin compositions (%) in fruit skins of grape cultivars

and their hybrids. ( ‘Chasselas rose X ‘Schuyler
Anthocyanidin? Glycoside®
Frudt D1vY

Cultivar color Cy Pn DI Pt Mv Type Me-An* MG DG Acy
¢ Chasselas rose Red 65 31 2 2 + 4 33 100 O 0
d" Schuyler Black 2 8 9 g G 90 89 59 41 79
Fi@®© Black 0 8 0 11 81 52 100 100 O 83
@ Black EeSIES 3 7T 87 97 100 O 56
©) Black 0 4 3 6 87 96 97 100 0 82
@ Black & 3 7 6 84 97 93 100 O 11
® Black + 16 8§ 11 65 84 92 100 O 34
® Black 0 14 9 10 67 86 91 100 O 34
@ Black + 14 10 10 66 86 90 100 O 9
Black 2 (Ea BlIEIEGE 610 91 83 100 54
©) Black Ze/ ISR B 1Bl 58 54 100 O 0
© Black 11 4 46 16 23 85 43 100 O 34
@ Black 0 20 G ESF N0 98 35 100 75
@ Black 0 4 68 8 20 96 32 100 53
® Black 16 + 60 14 10 84 24 93 7 Al
® Black 26 G510 9 9 68 24 100 O B9
® Black 15 0 80 b 0 85 3 SIS 83

® Red A 144 0 0 0 0 43 89 11

(9) Red 60 39 0 0 39 100 O

2Cy:;Cyanidin, Pn;Peonidin, Dl;Delphinidin, Pt;Petunidin, Mv;Malvidin
D]l Type:D1+Pt+Mv, *Me-An;Pn+Pt+Mv,
“MG:;3-monoglucoside, DG;3,5-diglucoside, Acy;Acylated anthocyanin.

fvracle
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FRA7FrFYORBICHTZEREIR RExrO K OBICKIIL
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and Einset, 1969). 7 FOODORBIZIFELTWZIERIT7T VMY
Ty THdH» ZTOBRLREBLOMAGBEZEAAEL R34 0.
2aRhfE0 BB BvLry vERBREKEEFET7T NV TZ vk
L (F7FH - & 1976a), R EHLHED ‘Flame Tokay' % 'Dela-
ware' 3 7 20 UReARFT T UVEBEEEITEEE L T B (Akiyosi
ef. als,” 1968 ; SFE - & V) s SRR EST
VORBEBSRENERIIBEL TS L HEEEX L S
AMETIEY, ZHOREERNT T7FO9RERE7VY MY 7=
OB EREL ZOEEREBEBECESVWTRHER2IT- R &5
7 vy 7T ovARETFVREORGERAEL BHE IR
EOBEBBRDEDIIHLERZT VM7 Z2VvHEABRABES »ICL L
ERPLTEFVBRKFELEABDOD7 VMY 7V vHERBREE-> T3
THLF7RPRF2=27T, 7YY T72VvEEABROBRBICEETY 3
BEFHBESHPICENTEH (Heursel and Horn. 1977 ; Wiering,
1974), Zh S5 DHELPSTFIRRIEBEWYSE7 272V DB
RIIRIT2EAMBBA2EEL (B2K), 7rYVGEAEX252ICH
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Summary

Anthocyanins in the skin of a large number of grape cultivars and

the inheritance of anthocyanin composition in F: hybrids were studied.

Relationship between fruit color and anthocyanin. as well as the

effect of environmental conditions on anthocyanin synthesis were also

investigated.

1. Anthocyanin composition 1in grape skin.

The anthocyanin compositions of __ inifer V. inifera X

labrusca and tetraploid grapes bred in Japan were investigated.

Based on anthocyanin composition, cultivars were <classified into five

types as follows;

I .Cy types : Those having mostly cyanidin.

I .Pn+Cy types : Peonidin (more than 50 %) + Cyanidin. having low

5" hydroxyl groups.

IM.D1+Cy types : Delphinidin (more than 50 %) + Cyanidin. having

low methylated anthocyanin.

IV.Cy+Pnt+D1+Pt type ; Those having hydroxyl and methylated antho-

cyanin., except malvidin.

V .Mv type ; Those having mostly malvidin.
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V. vinifer cultivars had the anthocyanin composition of typel . Il or
AU In inifera X labrusc . all anthocyanin types were observed.
The anthocyanin types of tetraploid grape cultivars bred in Japan were

similar to those of V. vinifera cultivars.

2. Relationship between fruit color and anthocyanin in grape skins.
Anthocyanin <content had effects on the lightness(L®) and chroma
(C) of grape skin. The content of anthocyanin(A) and skin lightness
( L*¥=35.8-6.19LogA were correlated. Relationship between antho-
cyanin composition and hue angle(H ) was also recognized. Type I and
O groups had high hue angles. Type V group had mostly a low hue
angle. Diglucoside ratio was not effective on hue angle. Acylated

anthocyanin had a slight blue effect on grape color.

3. Evolution of anthocyanins in grape skins during ripening

In “Royal’ , ‘Russki Concord’ and ‘Schuyler’ grapes , anthocyanin
composition was slightly <changed during ripening. However, the
anthocyanin composition of ‘Queen’ showed evolution. Major antho-
cyanin, malvidin glucoside, was appeared in the early period of

ripening. Because the end product as malvidin glucoside was ap-
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peared soon. the biosynthesis of anthocyanin was rapidly proceeded to

last step at an early stage of fruit color development.

4. Anthocyanin composition in grape skin infected by virus.

The anthocyanin compositions of ‘Kaiji' . ‘Koushu' . ‘Sekirei’

and ‘Kyoho' .infected by virus were investigated. Some cultivars.,

infected by virus. showed a reduction in anthocyanin content but its

composition was stable

5. Effects of temperatures during ripening on anthocyanin composition

in grape skins.

Grape cultivar ‘Delaware’ , ‘Isabella’ and ‘Muscat Bailey A’ were
grown in pots in phytotrons under 15, 20, 25 and 30°C. High tempera-
ture condition greatly reduced the coloration of ‘Isabella’ Under

1L55@ condition. the biosynthesis of anthocyanin B-ring of ‘Muscat

Bailey A’ was not fulfilled. The anthocyanin compositions of these

three cultivars were not affected by high temperature.

6. Effects of light conditions around cluster on anthocyanin composi-

tion 1in grape skin.
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Under dark treatment. ‘Flame Tokay' . ‘Benizuiho' or ‘Suffork red’

were not colored. The <coloration of ‘Queen’ ‘Royal’ ‘Steuben’

and ‘Ryuho’' were slightly reduced by dark treatment. oMt inie® opfisk

red.blue or ultra violet ray reduced the coloration of ‘Flame Tokay'

Under dark treatment. the biosynthesis of anthocyanin B-ring was re-

duced.

7. Variation of anthocyanin composition in the fruit skin of F; hy-

brids.

In order to know the heritability of B-ring modification of antho-

cyanins in grape skin, anthocyanin compositions in F: generation of

grape cultivars were investigated. ‘Muscat of Alexandria’ ,which

has green fruit color, had a latent ability of methylation for B-ring

of anthocyanin. ‘Italia’ was seemed to suit as a parent for breeding

red grape cultivars. because of 1ts low heritability of hydroxylation

A by Lot i The heritability of methylation ability in ‘Mills’ was

lower than in ‘Rizamat’ or ‘Muscat Hamburg'. The amount of methyl-

ated anthocyanin in ‘Muscat Hamburg' was almost the same as ‘Queen’

but the former cultivar seemed to have a higher heritability of

methylation ability. ‘Muscat Hamburg' had a low heritability of

255



hydroxylation for B-ring of anthocyanin. Schuyler' showed a high

heritability of hydroxylation.
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