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The effects of maceration temperature and duration on anthocyanin and proanthocyanidin of red wine were examined
using Merlot cultivated in Japan. First, an extraction experiment using model wine solutions showed that the concentration
of proanthocyanidin was enhanced by ethanol concentration, temperature and maceration duration. On the other hand, the
anthocyanin concentration was enhanced by ethanol concentration and temperature, but suppressed by duration. Second,
small scale vinification test showed that a short (3 days) maceration at a high temperature (30°C) resulted in a stronger red
color and lower proanthocyanidin concentration than the control (25°C for 8 days). Also, a combination of cold maceration
(15°C for 2 days) with the short maceration at a high temperature resulted in a stronger red color and similar proanthocy-
anidin concentration compared with the control. The difference in the color of produced wine was maintained ever after
aging for one year in bottles. We need further investigation to know the difference of the effects among cultivars and the

applicability of such temperature conditions in wineries.

Keywords: anthocyanin, proanthocyanidin, condensed tannin, maceration temperature
i 5 T4 OBLERPIC, TYMYTZVETFYO
HIAVIZEINDLT ¥ b T =Y RUZDOFHE RE 226, 707 T2V VT FYORE L
(NEUSEIONEVA= A VSN =) B ofiians. TNETICHLORSCIRE
R AR T 1 IG5 T 2 EE LS TH 5. R SMEEE, e ORI IO, THHDEMIZE -
T7rybhy7=rR7sar sy vy 7=y ohitik

* Corresponding author (e-mail: gotoh_n@nrib.go.p) 7 v N7 = DFERAIC & AEREALD R B
ZATH 202049 H25 H T EAHBAT S (Sacchi etal. 2005).
SRR 20012 R HADKT 4 2 BT K21, RS EEAREMNE

— 125 —



J. ASEV Jpn., Vol. 31, No. 3, 125-132 (2020)

MH, BOHPATHICR)IRTVwEFEbNLTEY,
WNOERPZOF FHATE R VIGELHEESN
., 22T, £, M- RE2S 0PI KIEFT
MEE, =% /7 —VigkE, WHoZEZET VT~
W THERT AL D12, A 0iRE - LM
DM T/IBUIBEREERBR Y 1TV, ZORELIGEE L
7z.

PR R OV i

L. 5T

TA DT IV — )iy, TE R4, pH, N OHREE
(HEfEme, B ) (ZERLT AT AT 29 > Tor
ML, BERIZIEANE (2/100 mL) ([ZHE& L 72 /N
REEEOREEETOT VI — )V, Oy a4
I5 7 —=NVF¥ vy bxHWTERETHIT L. R
TAYORT v N7 =2 (WIEESHT) 1X, Somers
and Evans (1977) O FiE% —#cZE L, Hitghk & pH
DB PRI A 728, 7 A > 100 uL 12900 uL &
0.2 MFERR - PR @ (pH 1.0) £ 20 uL D 10% 7
L FTUTR RERM - BEL, 455 %IEKRE?2
mm®D ¥ )% HWT Ay, Zlll%E L, JHEE 10 mm (2
LR F72, WO ZE L HER L 720k
T4 OREIE, Y7 2mLiZ10% 7k TV
T FIKVEW 20 uL 2 3500 L, 4545 21206 1 mm
DN HWTAGZMEL, %R 10 mm (ZHE
LCRL, TV N7 =R T07 >
N7 =3 viXKoyama et al. (2007) O 5L THAT
L7z, 974bb7 b7 =rE/~v—1% 045um
PTFE 7 4 V% —TA# L 7% > 7%, HPLC T4
ML, REMIEVEY Y 3-7)vay FEHwTE
L7z, a7y b7 =Y &, T A V% Sep-Pak
H— Yy DTERAHH L, oK) v — sy
Z7un vy ) —)VirfEL, HPLC T L7z,

2. BEFNVTA X AR

7 R oiL20094, EEFEE Aro 2R,
R0 BRSO FFE (2.82 + 0.093 g, Py« ik
R#, LUFFEBE), F 721340 8k 5 offt (130 =
0.066¢g) #20mLDOEFIVT A »THIH L. EF
VI A 1E, NaOH TpH 3.5 ZFH% L 72 0.3% A1
BT, YuHigEE s ) 7 A% 200 mg/LinL 7z,
Iy =V EERWIERE 12% 5 Lo 2 1HH

PR QLA - PEF& T - JIHEET - HEEAC - LR

A, iR X 10T & 32T, Mtz 1 3 &3
HORF8S&ME L, 22, SOmL I =H)VF 2 —
THTEIRED) Lz, REIEIAAEE 2y bR
AWTTE BT RADM N &9 IR 72,
F72, MEMOREL# T D720, R EHETIEK
W L7288, KE XL T2455 85 %3
MOREL) L, 1%KEIEREES M) 7 AI21550%
E L, BEAKE R=3=FF VTR LD,
ETFNTA IR T,

HEIZ, 15,000 rpm D=L EERR, BT 2 b
7=y (WOEESH), Ty T =rEI =R
TUT N T Y REER ST

3. PN OVEE LR & 28 R 7o /N R B
2008 4F, ILFLELE A LT K 12kgw H W,
AR 6 FHFHDRE L St T/ B BRI 1 % 17 -
7o, HEMoOBRERERE T Fig. 3 (A) \IRT (2
yho—igelE, FNLAMEI3MEEEDEL).

(1) SR 30T, 3HRICHT, D%25T

(2) Bii—xE 30C—%

(3) BBkl 30T 25 15C £ T4 (2B

(4) IR - SRS 15SC2HM %, 30T

T3 HoRMET, LIkE25T

(5) WEMLE 15C2HM D%, 25T

(6) 2 bua—N 25C—%

TR7IEFCHREL, BRELZE SH5L, FT
LT D LI LT L TF 7 AICAR, ¥
THitREE A ) 7 A % 100 mg/L sl H BB EEEE ©
2% FTHIMEL, VUBRAKEZT yEZT A EE
P& # 250 mg/L £ TN L7z, F#EREE Uvafarm CM
R e R RS TR L, SR ICEE
LB B F 23 v FaxR—Fy —THREIE.
S8 2 H H 2 58EEBh %A (Fermaid K, 125 mg/ 7A%) %
wmL, (1) &3H%, 4) E5H&k, TofidsH
BIA Y PEHWTIHETEIEEXR—-ZATHT%
2B LT L7, F72, BEEPT3mL o
7Y 7L, 15000 rpm DO EERX Y ) — )b
T OB CEE AT WA L 7.

B o7 A T aHiGEE S U 7 A % 200 mg/
Lishntz, &5l& %2 LCofricfiss & & b1, 360
mLRIZEE D, 15T THRAE L 72

— 126 —



B L RBEORE R ORI A o7y N7y RO7AaT U N T 2V VI RIT Y R

R
1. EFNVTA 2k I EE

W, 7TV a— vy ROBEET Y b T =,
WML - Ero7ary b7 =Y ot
TS HEY RIS 5720, EFVT A X B
HMEBREZIT o 72, KHMHEICK L, =ITRiE D5 H
ST CHEEMEORBLNTT 5L L bIC, K5&M4%
DA RE § HEEGESHT GEEFRAL) 12X o T
EHEALIR TR IR SR, BRGOEEOIEA L Z
DKE S HRHTL 72,

FORER, TN T VR v — DR (Fig. 1
(A) I LTiE, IBEXTT VI —V3IZIEDRE
2 OHMIAEoREELRL, RELDLTIVI—
BEORBENREN. BTN T2 (k
£ AT, Fig.1 (B)) RO TH - 7z

Ta7 Yy b T Y OEE (Fig. 2) 128 LT
i, B, LD, W, TV a— )V KU
PWITNHIEORELRL, ZO3FEMGTIHRED
BN D i BT

Dbtz ks, a7y o7 =Y VB
T, BEELEERTT VI —VEHE L, BLEY
MR WIZIDEL R DN, 7 b7 = ViEEI

(A)

Anthocyanin monomer (mg/L)

B p-Coumaroyl G
BAcetyl G

B Malvidin 3G

[ Petunidin 3G
B Delphinidin 3G
O Peonidin 3G

@ Cyanidin 36

Temperature ~ Alcohol ~ Duration

ANOVA (p) 0.000 0.000 0.001

Standardized partial

. . 0.387 0.758 -0.344
regression coefficient

HMPEL 2D T XL KT T 5 ENMEREIN
7z,

2. RPN OVEE LR & 28 2 7o/ N R B

FREOFER R N N F TO A (Sacchi et al. 2005)
NH, RTAOEEECT SIS TENAHO
BELDYERICH A Z LA FREIN. 72, K
WELDT v b2 7 = VEOREDN S OfiH % 2
H#T 5 EVPENTHHE SN TS (RAKRS
2003, Koyamaetal.2007). 2T, SN HDEE
AR LSM (Fig.3 (A) 2E 2, /N
ABREERE 2 FEHE L 72, 6 SR O % E IS Tukey-
Kramer i TiT5 72,

ABEEETh Oy 7 — Vg (Fig.3 (B)) 1%, i
FEGMD O PRSI N D B & TG L 2wk r
RL, BBIEO 7 V3 — Vs, BREE, pH RN F 2
4y (Table 1) 1Z65E LIFIFFM UM & 72 o 72,

FEWI D IR IR T Asyy DAL (Fig3 (C)) T
&, (2) Eil—E TR LI 2 5 128w,
HREDHE L 2o T2y, (1) EiREHAAART
X, HHROBDSHEN—ETHo72. TNETD
Wby (5) MUMERELIE (6) 2 hu—)b

E

w

ra

Total anthocyanin (Agyg CHCHO/pH 1)

0
'@Io ; 'ﬁic.- 60 rbq.,o ; ’s.lo : rgLO .\60 ' 40
$¢ & g g° & & gf gF
| | L J
1 day 3 days

Temperature ~ Alcohol ~ Duration
ANOVA (p) 0.000 0.000 0.012

Standardized partial
regression coefficient

0.523 0.711 -0.246

Fig. 1 Anthocyanin extraction from berry skin in model wine solutions with 0% and 12% ethanol. Concentrations of anthocyanin monomers
(A) were determined by HPLC. G: glucoside. Total anthocyanin (B) was determined as A, after the addition of acetaldehyde and dilution with
0.2 M buffer solution, pH 1.0 to suppress the effects of SO, and pH. Standardized partial regression coefficients were obtained by multiple

regression analysis (forced entry). Bars indicate standard deviations.
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Fig. 2 Proanthocyanidin extraction from seeds (A) and berry skin (B) in model wine solutions with 0% and 12% ethanol. See legends of Fig.
1 for details. Proanthocyanidin composition was analyzed by HPLC after phloroglucinolysis. P in the graph legend means phloroglucinol
adduct of proanthocyanidin degradation products.
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Fig. 3 Small-scale vinification of Merlot under different temperature conditions (A). Changes in ethanol concentration (B) and in absorbance
at 520 nm (C). N = 3 for conditions 1-5, and n = 6 for condition 6.
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Table 1 Analytical data of Merlot wine made through different maceration conditions

Alcohol

Titratable acidity

Maceration condition* (% v/v) Extract o/100 mL as tartaric acid pH
1 12.3 +0.03 2.5+0.03 0.69 +0.024 3.51+0.012
2 12.0 £ 0.01 2.5+0.04 0.64 + 0.007 3.60 +0.025
3 12.0 £ 0.04 2.8+0.26 0.77 £ 0.065 3.50 +0.010
4 12.1 £0.06 2.6 +0.06 0.68 £0.014 3.54 +0.012
5 12.1 £ 0.05 2.5+0.04 0.70 £ 0.018 3.53 £0.015
6 12.0 + 0.09 2.5+0.05 0.71 £0.017 3.51 £0.019
* See Fig. 3 (A).
Values are means *+ standard deviations.
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Fig. 4 Concentrations of anthocyanin monomer (A) and proanthocyanidin (B) in Merlot wine made under different temperature conditions.
See Fig. 3 for conditions 1 to 6. See Fig. 1 and Fig. 2 for graph legends for anthocyanin monomers and proanthocyanidins, respectively.

Different letters mean significant difference at p < 0.05.
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Fig. 5 Red color of Merlot wine made under different temperature conditions immediately after vinification (A) and after 1-year storage (B).
Absorbance at 520 nm was determined after the addition of acetaldehyde. See Fig. 3 for conditions 1 to 6. After one year, the sample number
for conditions 1, 2, 4, and 5 was 2, that for condition 3 was 1, and that for condition 6 was 3.
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