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Abstract
The compositions of and changes in anthocyanins, red pigment oligomers, and polymers of grape skins and
red wines during ripening, contacting between juice and skin (also seeds) after crushing of grapes, fermenting on
skins, and storing or aging of finished wine were investigated for several red grape cultivars grown in Japan. In
particular, the enzymatic and chemical properties of polyphenoloxidase from grape juices, its substrate specificity,
and enzymatic decolorization of anthocyanins and oligomeric and polymeric pigments and decolorization

mechanisms were analyzed and are discussed.

® B

EENTA CHREBRMAL 2 1970445, HAE
DI HERIIDTHHE6TRLTHo =, BRKT
WHws (TJLF NSRRI NYRA AT 4
FIZE> THRU SN 194EEODORED T 1 ¥
BRIIPI12HKL, KU T —L0NREEZDZ =
1998 FEDZFNITK IS FKLITHEL R, ZDKS7
BEIVEDT A UHEROILKIR, BRFEDOHEK,
BEFEDOHKAL, BAKRITT—L, KEEHEBES®
WEAY D Ev IR EOHEHBMITEORMBITMA T,
TA 2 BIHRT A NS DR & BAERORE
BRENT 4w hLEZEDB—RTHSS., —KRICY
A1 RERTIIATA XD BRTA COMHENS
,—HBEDOELS7RTA V& EATII™DRPHONDA
TADEIVFENDENIHENY— I,
1990 ERBEEDTUA > T—AiZEXo>THEEI N/,
ek, DREDT 1 DR, 71 VEEPATA
RS DMENRRLT, RIA > OBHAEZEBRTZT
DRIV ZUREOEERICETAMEIRIZIEAE
RINTWAD o, EHIZL, 1980~ 19814, XH

Acknowledgements

I am grateful to Dr. Vernon L. Singleton, Professor Emeri-
tus of The University of California, Davis for his helpful
advice and valuable suggestions.

-23 -

BENRFEBELTHI) TNV T RETA EAR
TR -4 %#FHOV. L. Singleton& 2D b & T,
FELTREAPOEERY 7 /) —)VOBFITED
A, T4 R) T )=V OEBEZARE. RE
%, RBREOT RNA ZREZTRNS, TTRIDRK
BERICHRT 2B S EEEROWRL, U1 > On
FY NV EORKE EHEEICET 20K, N1 31
7O —RUTBERENEICL D71 REOHIE
BT AR REERTo R [7, 16, 19-23]. h
5D 3 DDOMET—IIMEICEEL TWB A, &5
1, & LU TI9974 2001 D 5 4EMIZAm. J. Enol.
Vitic. AR T R - U A D 2FEITBRINEH
EHFEAFREICLD [HERTRIERTA DR
RICHET M 2EEDEHDTH S,

EETROEDAM DT/ -SSR

Table 11, HERY 1 > 83 REEERT AL 252
RO7x/)—)VEREZRLIEBOTHS 8. 27
J—IVEROFEEIZ, AT > T333 me/L, RIA
>T1323mg/LTHo7. 7/ —IiE, RE®
BETHRDOT SR/ A RERHBARDIET IR A
RET /=)L >THRRENDN,AT71>TH
RIA>TH, TR/ A FFRITHK 200 mg/L



J. ASEV Jpn. Vol. 14, No. 1 (2003) REARORRNERLEE
T, 7/ —VERTRABY, EETA 235 EE Juice s1§n Seed
TA2DETr ) —INERERERER TN T-, Ry ¢
HOOC oy o R, HO
2000 I WAIR TN E Nz 16 REOKRT KDY wbobdel Fon o s L)
-C-H H X >
BT RUOEMBOBRES Tz )~V ERER o (J o.G.m: o
~7z (Table 2)[3], R#T KT THHET RYTH, BT Anthocyarin .
EREOBRIZERRTEIEDOTIA AT Ry oo M o M precyaricin B

DEIPREL, BICRHBRIERATRIDIIH>MN
Eholz. BFOREPOET /) —IVZU1 A
TRIKKVELEELE. SHEDTUALHTR
UKL (grape berry) 1kgdh /=0 OB FRUVRED
EHERIITNTNHISXE15%THo7=08, £
7/ = IIVRIEIFNTIH64% E32% TH-o 7=, £
HDOE7x /) —)VE8I3110 meg/ke Bk (R LKk
DET /)= D3.8%) EVRNDITHRT, 7
RUBRICEETZEEAED I ) —IVIZETR

Table 1 Mean phenol content of table wines made

from grapes grown in Japan®.

Figure 1

Total Flavonoid Non-Flavonoid
Phenols Phenols Phenols
(mg/L)
White wines (n =83) 333 129 204
Red wines (n=52) 1323 1000 223
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Table 2 Mean total phenol content of wine and table grapes in the 2000 growing season in Japan®.

Wine grapes Table grapes
Seeds Skins Pulp Seeds Skin Pulp

Red grapes

Weight (g/kg berries) 38.5* 148 757 147 895 842

Total phenols (g GAE/kg berries) 1.837 1.179 0.132  1.668 0.707 0.155
White grapes

Weight (g/kg berries) 32.8° 149 724 122¢ 713 855

Total phenols (g GAE/kg berries)  1.887 0.711 0.087 1337 0.369 0.174

@ Cabernet Sauvignon, Muscat Bailey A, Merlot, and Shiraz.

® Chardonnay, Pinot gris, Riesling, and Koshu.

° Benizuiho (Golden Muscat X Kuroshio), Kaiji, Pione, and Kyoho.
4 Rosaki, Rosario Bianco (Rosaki X Muscat of Alexandria), Neo Muscat, and Muscat of

Alexandria.

Table 3 Phenolic contents of Cabernet Sauvignon grapes harvested in 1992, 1993, 1994,

and 1995 inYamanashi, Japan(14,

Tissue ® Weight  Total phenols Flavonoids Extractable phenols ®
(g/kg berries) Total phenols  Flavonoids
(mg GAE/kg berries)
Pulp 830 309 138
Skin 105 1443 © 613 419 402
Seed 28 3571 3460 634 622

® Grapes were harvested at 20 Brix.
® Phenols were extracted at 25°C for five days.
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Table 4 Composition of anthocyanins extracted from
berry skins of four grape cultivars(141525,
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Figure 2 Anthocyanins of Vitis vinifera grapes.
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Figure 3 Changes in total pigments and polyphenol-
oxidase activity during ripening of Muscat
Bailey A and Cabernet Sauvignon grapes®.
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NJ)V* -y —¥=3g>, Table5 Characterization of polyphenoloxidase from Muscat Bailey A grape juice(® 122429,

¥/« /7—), 32 Chemical and physical properties

T RORFET R Molecular weight: 40 to 42 kDa
2t 6 D EH @ PPO Enzymatic properties

N-terminal region: APIQAPDISK?GTA?VP

Substrate specificity: caftaric acid > caffeic acid > catechol < epicatechin, catechin

< protocatechuic acid > pyrogallol > p-cresol > p-coumaric acid > gallic acid

pH stability: stable between 3 and 11 (at 30°C for 1 hr)

Temperature stability: stable between 0 and 60°C (at pH 5.8 for 1 hr)
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Figure 5 Degradation of MBA anthocyanins in the pres-

ence of PPO and catechol or caftaric acid®®.
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Figure 6 Three expected mechanisms for enzymatic
decolorization of anthocyanins with polyphe-
noloxidase®29.
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Figure 7 Prevention of decolorization reaction of antho-
cyanins by addition of benzenesulfinic acid or
partiall suppression by glutathione®®.
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Figure 8 Decolorization of MBA pigment by quinone
formed by PPO oxidation of caftaric acid in
the presence of benzenesulphinic acid (a)
or glutathione (b)®@9,
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W74 BEMIKXoTHETEZIRXTTHS
(Figure 7). 17XV VBEDHE, h75 Vv Ik
F ) ONERINNERAE AN T 4 VEEICEKD
ThI7ZU Y VBRI T + 2iT/2%. Figure 8T, &
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TE VBN SERINTER L Eo-F ) P hiaR
P L 7z (Figure 8a), I HIINE AN T 4 >
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ZHRBMoT 75 )y VEBENFE & BITHERT
BLEEDBITHTZIIYIBAINT + INERE =,

Fr, R ANT 4 VBORDODIITINVY FH
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B, D¥ v grape reaction product (GRP)
KRB ENFSNTNS, MBARHH®D
JIVEFA+>2 (GSH) GRZHEL-HER,
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WATAS—EBRZEoTF /23, ZhsDFt
IR, TR TZUDOBRERGEKLLED, H
BDNITARDEMERIISMNOKEEKAEL TS 1
R—=%2D>THRAZERD, 2) TILaniz7 >
722K 0ESBRBAING, 3) T M7=
Dr-3-F/NAVREDBI,5-JHIIVATRD
EONERETH D, Ko T—IZ, CSHETA KD
HMBART A1 > OEBFADIISINEETHA0b LN
BV, 4) TINTAZDRV TV UDESBR
DKBEVNAFIEI N T WU I2 XD b,
RIZD2, RFZD U, RIVEDP DX S RAFIV
EINTWBY A EBDTY R T UDIED
NEETHS. 5) €/ VINVALRTHRETSE, 5T
WI4ZDODORIVZDISTVT I US>REZY
ORIVED U OIRICE{IEI DT,

BRAFVIT-LRUT—DOBRALBREBL

RIA ORBIL, TRIDBRENS T A L ITBIT
L7 RO 7o VBBRETHN, T M7
NEDE/X—DEXEORETELS VA VIZEET
O TRV, B%, BRLEETA > TRY b
TZoRMOR) T ) =)V EEEEDLIS>THE

REAROBERNER(HEMN

OCH3
O-glucose OH R

OH
Figure 9 Possible structures of oligomeric pigments.

T2, 2EXE, 7O TZ D AMDRE &M
DY R T7ZDBMDKENERL, 7 T
ZoF M —%2D<L % (Figure 9), H3Wix7o>
7Y UBDSMDKEIITITE RIS ERLE
ANRZI LA F ML, ZheEF > b7
DAL DRFENEE L ZERERNEFEET S, 7 b
PV ZVDANDRRBREANTF HBDNITOTT
ZOVDBMDKENEALEERRDEET S
Lz, ZNSD3DDEAEEOBRIIVTH
LRBEBEEHEL, REOBHAZROLMEL, E
BRE{To =,

BALEBENROE—SHIBEERERORTA

Red wine

extracted with isoamyl alcohol

Aqueous phase

extracted with 1-butanol

Organic phase

Isoamyl alcohol extract 1-Butanol extract Remaining
(anthocyanins) (olig: ic pi ts) q layer

— (polymeric pigments)

Figure 10 Flow chart of procedures for fractionating
three pigment fractions from red wine®.
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HO OH
HO, (o}
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(red) (colorless)
R4
OH
(o) o) R,
pH4.5-6 7 0-glucose
Quinoidal anhydrobase

(blue)
Figure 11 Anthocyanin equilibria.
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a) Muscat Bailey A red wine
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Figure 12 Effect of pH on absorbances at 520 nm of
Muscat Bailey A (a) and three pigment frac-
tions fractionated from the wine (b)'3.17.28,
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OH
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No decolorization «——=
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Figure 13 Effects of SO, and/or acetaldehyde on
decolorization of anthocyanins.

OINEDHHTH B (Figure 10). €2 T, RTA >~
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HPLC L #E/OX 57 4 —TOZEE, SO,

B ® 5h &

pH IZx 9 B RERZ I K - TR,

pH3.7OMBARTA > 520 nm THIEL /=& &
DOBFEIL1.03) 2FEEE & F/EEY —FBIK TpH
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(Figure 12a) [13,17].pH 4.1D & & DWYEEEX0.65
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BICE < 7o 7z, MBAREMNS 7 BEL 7= 2B RE S
DOpKaZ#RARBEH2.61I2HD, —K, CSOLEK
D pKald2.7 TH- 7= (Figure 11), 372b b, K
DISEVIL - AFF D EE\BOHINE ) —)) -
T a—RR—=ZMNpH 2.7fHETERDDHEEL, —
BHoH 3 TTREETET 708 % LA
F AL TnwhnEEZ N,

BIEAHIZ X > TMBART A K033l >
Ko 7=Z>®/)—, FVITR—, KU T—0D 3E
DFREREICRIZTTpHDOEE A/ (Figure 12b)
(26]. pHZELTHET > N7 ZVESTOREIR
B Lz, 2 LT, R4 ) I —R )
X —DOREREIIDHO L > TIFEAERLL
Bholz. TROE, 7N T URMMD T = ) —
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X —DFREIEpH OELICH L TERE L. FEk
12, 3D DEHEE S DERERICN T 2REZEEZFAN
(Figure 14). 7 > b7 =2F /) X —1350 mg/LE
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—7, BFA Y I —PRY ¥—ISO,DHMIT K 2
THREBENES RN, DED, 77>

4 0.5
—O— Anthocyanins

5
3 —— Oligomeric pigments| T 0.4 E
: —2— Polymeric pigments & .
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Figure 14 Effect of SO, on decolorization of three
wine pigmenzt fractions®®.
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100

—O— Anthocyanin
80 —{3Oligomer
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0 t : : +
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Molar ratio of cafftaric acid to pigment

Figure 15 Effect of ratio of caftaric acid concentra-
tion to total pigment concentration on
decolorization of three wine pigment
fractions®.
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Figure 16 Changes in total phenols, total pigment,
caftaric acid, and three pigment fractions
during must preparation, red wine fermen-
tation, and aging of finished wine(!817-1825),
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