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Effect of High Temperature and Short Maceration on Red Wine Making
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The effects of high temperature and short maceration (HT&S) of vinification processes were examined in eight winer-
ies and the National Research Institute of Brewing by analyzing the chemical and/or sensory characteristics of produced
wines. In the 2017 laboratory-scale vinification of Muscat Bailey A (MBA), HT&S wines had higher color intensity than
control wines. In 2018, the effect of HT&S varied according to grape variety: HT&S increased the color intensity of MBA
and Merlot wines, but not wines made from three other varieties. As regards pilot- and plant-scale vinification, HT&S
tended to increase wine color intensity when the maceration temperature was controlled appropriately, and some HT&S
wines received favorable evaluation with regard to astringency or body in the sensory analysis compared with control
wines. However, the HT&S technique requires further improvement of the following two items prior to practical applica-
tion in wineries. The first item is the pressing time, which is dependent on the degree of extraction of the anthocyanin
and proanthocyanidin from skin and seed, the grape variety, and the temperature changes during maceration. The second
item is temperature control between 28 and 30 °C in the early stage of fermentation, which is difficult to achieve when the

fermentation scale is large.
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RITA > OmlE, wmEZFHbT 2 L TEELRER
DOEDTHY, BELIFERETIZT N ORED S
H X5 A% (Ribéreau-Gayon et al. 2006), FkASET
3, BREMOEETHRT A YBEEH 7 Yo+
SREBEBBPE LN WAV (Goto-Yamamoto
et al. 2009, Mori et al. 2007, van Leeuwen et al. 2004,
Sugiura et al. 2018, Kobayashi et al. 1967). T A D
rm, ZEAT 27EE LT, MR L <
Ny FF—YREE FIATAA, Him, =T
T YRk 4 72 )50 (Alvarez er al. 2006, Busse-Valverde
et al. 2011, Gonzalez-Neves et al. 2013, Luki¢ et al. 2017,
Ortega-Heras et al. 2012, Sacchi et al. 2005, & 7K &
2020) SR SN TV 228, BELIRED SV A DR
74 DO YE { (Ribéreau-Gayon et al. 1970), [
LABEL R ERTA v otumbd s (LS
2020) Z & xPFE R, EiRAIIEE L &) kIS
DWTOHELH LD (FHES 2020).

E IR L L, BAC 28 ~30CREEOE OO
LTl LZEE 2 ATV, B3R S » = v &l Il
e, HLPICTVATHIET, KIA O’k
[ b &2 LT, B E 2OV a — (LT [Mer )
Z 7o/ BB EEE BRI B\ T, 30C, 3 HHfE
LTV A125C THMZ HtlT 72 &in i o 7
A > &25C, SHIMEE LI ITo727 4 » &2 X
5L, BREHEOT A L, REasigd, MmeR
% > = (LLF [Proanthocyanidin|) ®¥fiH A4 7
W, EOHENDH DL (HBIES 2020). F7-, 3~4H,
HHE1.020~ 1.010 Tk & 247 ) HEELIE, PR
T, 94 FCTRBKAD TV —T 4 =% T4 VIZIF &
W2 &, Color Intensity lg REFA T CTT L A% L7z
A7 NV—7 14— ELRY, V) BIKET A
JIZHELTWAHEDORT DL H S (Ribéreau-Gayon er
al. 2006). & 5|2, FEFEREE T RO LIRS EW
&, FTFY = U PRAICHIENTLSADT, 3R
WEARZ BT B IR AICEE L2 R LW
FRFFLWEOHEDLHLH (4 2012, Koyama et
al. 2012, Peyrot des Gachons et al. 2003). T D X 9 12
BEECBER Y v e L7k, Rolc 7L A
217D S RHERT LG IEIH L 0D, min ki
LTI IZHD, EOLHWOIRETHEL 5EE
AT, LS IV T TTLARTH00, Lw

KT - AEPSET H - NLIATER - S TR - RS

IHER DR, 22T, HAREANTEE S ATW
B4 T AR DWW CEREIRE L o S LR O
FEGEI G 7 EE S 2T A 2w HAYIS,
Rkl a4 72

Wk E Tk
1. /NBUBGRERRERS (2017 4F)

FEN2 EHL (A, B) D201TEHEDT AT v b - N—
J—A (LLF TMBA]J) % H v, (i) Color Intensity
DOTERAHENIP LT D724 4 I 7 TT L
A L7z wmim g L X5 (28C short 1), (i) (i) @
12121 7 L A L 72 i e L X 45 (28°C short
2), (i) HimEHEL2EBL 23>y ha—)v
(25C Control) D3X 43 CTHEEZER L7z, 7 K
% 1.4 kg & BREer:, COdEEEY Y v A (BL
7 4V AFDGAEER, Eaisiny) % 100 mg/L 2
5 EHWmmL (2R b & LT 50me/L), T
JKAN L 7282 18 B4 £ 3001 (LALLEMAND#E) % 7 b0
L, 1) KO Gi) $28COMEIRE CRE L BEHL AT
WL ATRIE25C OHIRE TSI & el 72, (i)
Z25ColEIRZ TR L5217 o 72 fiidE L, BB
B (ZH R S) RV, SR o L E A
WEREAS23 w/v9 270 5 X 9 BEREAIN L HIZIFREE L
72, WEoB—{bE BIC, HEEFOBOY LT
YTIERBHROS I 6T V1o vk L
4. FALEEATIZAEVY,  Color Intensity, H,7>1F @ Brix
fli, 7)Vva—nNaEfllE L7 (i) ®7 L At Color
Intensity D TH S A AEA L2015 721 L 5B
2HH, Gi) 7L A () o128/, (i) o
TV AZEAPTOBrix EOLEHN 2 o/l &
HWERE L 721, 3HHEIZ To 72 (FEH#A O MBA Tl
M ZBE6 HH, B OMBATIZ8HH). FEE#L
TR, EOOREIC X BEETE (20T, 5,150 x g, 10
min) Z{T\, Y0527 5 1 v 7558 (MLF) 2% —
% — MBR Alpha (LALLEMAND ) Z7&L, 20T
[EREICHELZZ. ¥y ML) I8 J.K 1
Yy —FaFI) EHWTL Y ¥ IR A 100
mg/LLLN T o722 & 278k, wO0BEC X S
EHl& (20T, 5,150 x g, 10min) %47\, IS
VORREER S U 7 A% 100 mg/LIZ7% 5 X WML,
GO, UBEOSHIEt L7z, %28, SIcHY
% F TISCOGREHT CHRE L 7-.
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2. /NHIBEERREE (2018 4F)

2018412 BT B /BB EREE R Tld, DIT D258
WCHELZ 1RHIE, miEThs. 201740/0H
B ERIL, MBA Z H\W/z228, 2o S To
R, BEOHLMer DA TIE L b T
V(RS 2020). 2 H I, BELEBRECTH .
2017 £ O /NRBERBR 12 B 1 2 iR L o
Z28CICREL 2D DD, T A Y EEHEIZ BT
FIRE—EORBABIZR S R ON—KITH S
Zenb, 8CUNDIREIZBITLTLVADY A 3
~ 77" & Color Intensity D B4R 12D\ T b 8 CTHEFE
5L L L7 22T, MBA(EIHNACHEL G HE) | Mer
(viniferaff), V77 47V s L—~ (LT [Zweil,
viniferafd), /INAT- (BUF [Sks), EIWNACHS GFE),
=g (DT [Yamal, ENZCECGAE) O S5HEO 7
Rl ownT, mE3 X5 (30C, 25T, 20T)
MOBEL2XG GEEREL, FHEL) ofFteX
Gy, 2F D, (1) 30CHEFEREL (LLF [30C), (2)
30T 43HEE L (LT 30T short]), (3) 25T i@
L (DT [25CD), (4) 25CaimEL (LLT [25C
short ), (5) 20C#&EEL (LLF [20C)), (6) 20T
HEE L (LLF [20T short]) # 2 2hn=27Ti
Bra it L7z,

7 K %700 g & BRAEM PR, O dAGEE s )
7 A100mg/LIZ7 5 X)L (ZER bt &
L CT#50mg/L), TR L 724 B B EC1118
(LALLEMAND#t) ZaumL, (1) Ko~ (2) 1330T
(3) U (4) 1x25C, (5) o (6) 1Z20C 0%
TESE CRE L2 1T o 72, Wik, EPAkE (=9
BpErRA ) & v, FEEERT O M E RN A
23 w/v% 7 % X ) BERRANIN HIRICHHEE L7z, %
B OB O > 7)) ¥ 7 ROGHTE, N R EE
i (20174F) L FBEIATo 72, TLADY A IV
7, A yEEBG Y EHEL, BT o Brix i
MOEH L EAREICHRT L. 74 3
3512 3\ C Color Intensity % E4HE 0T 5 2 &
R Cld w20 Th s, FIEREEIT) ILE
DY A I 7, BPrTHEM L2 AT o Brix i &
It®E (15/4C) oEfEoEpR, [HE (15/4C)
= (Brix fii + 142.905) /150.760] (R2 =0.999) (data
not shown) #fHWCHEM L. (1), 3) KU (5)
DEMBELOTLADY 4 I 7%, LE1.0201)

IR A > O IR L OR)R

LECERmL. (2), 4) KU (6) OFEFEELOT
VAR T OB EQOEB N R o/l bk
TR L 72, 3HHIZFT o 72, 2018 4E/ N BEERER 12
B2 7V AROFE (FZH1E) X, L
T1.023 £ 0.005, WFEEEL T0.995 = 0.002Tdh -
7z (Table 1B). ZEMERE T 1%, #O0HEIC X B80T &
(20C, 5,150 x g, 10 min) Z47\vy, FiFlIcE¥ O
WelE 71 1) 7 2% 100 mg/L 275 X 5L, ik
%, DBogiricfi L7z, &b, SHcHws T
15C OIS CRE L 72

3. TA T —IIB kB (FEERER)

2016 4F 7 5 2018 4E 12 1T CRE 8D T 1 1) —
D% T, EimFIEE Lk EEREE L (LT3
Yhu—]) OFMTIA UEEEERERL. &
B, BBEREOREBIVTLADI LIV Ty
DFEEMIE, £ A7) —OFEFIZE D TERN
ePniz e, BEORT —VIEEEL XV 5
FREE L NV E TR A Th o7z (12kg~ 13,282 kg,
FIg2,812ke). BT A v E&, EHEEAWIZETIC %
fFLTH 5, w008 (200, 5,150 X g, 10 min)
IZ& o TETI& L2k, 74 v HHiTERIE S HI
84500 (HANNAft) 2 C b ffe i g e o FE & 52 L
S IRTEREEAY0.6 mg/LIZ 7% 5 & 9, ¥ o iifilk 7
Vo AERRIML, WEEO%, DEoSHTIcL 7.
B, SIS FTI5T OB TR L 7-.

4. BALESSHT

TRTOT A 5B AT &0 BE (4T, 7,700
X g 10 min) #fTWZO REE S L2 %
B, FEEHRBOWOCEESHT I IE L5 HE (4T,
15,000 X g, 1 min) {72 O_EiE & 7HT Ik L7z
1) Color Intensity & U Color Hue

A420, A520, AG20 DL, FF % BEEE 1 mm L
2 mmOGEEIVICAN, FIEEER (BEUV-
1850) # FHWTCHI%E L, 10 mmis&fli L |7-. Color
Intensity % A420, A520, A620 D& FTH, Color Hue
x A420/A520 Dt L L7 (OIV 2009). 7, #HL
TALIZOWTIE, SENDIMBEOFEEZ PR
L7728, T4 1mLI210% 7+t b7 VT FKE
W2 10 pLiRhn L, 455 fICHOGEE 2 flE L 72,
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2) Total Anthocyanin

RO E 2 PR L, pH 1.0I12B1) 2 WG
A520 & L Clll%E L 77 (Boulton 2001, Somers and Evans
1977). $7%&bb, JR7 A 2 H0E100 uL 12 0.2 M FER
Yam R (pH 1) 900 uL & 10% 7+ + 7 V7 k
FAREL 20 lL 20 L, 4553 #212 A520 % ifil5E, 10
mm#EEAE 2 7R L7z

3) Total phenol

Total phenol DFFIE T & % WG A280 (Somers and
Evans 1977) 1%, 777 A ¥ #3Fk % ik T1/100 127
L7-t%, JEHE1I0 mmoOAEL LV THEL, 10045
L7l R L7
4) Proanthocyanidin

2018 4E /NS R ERRE S 2 IR &, RN =) ik
THl%E L7z (Nakamura et al. 2003). $7:bbH, #5
2B AV ARERE 127 1 > 320 uL, 9 mol/L HCI
800 uL, 1% /N=1) i 800 uL % i 2., 30T, 2047,
POG & 7212, A500 2 #ll%E L7z, MEiido, 25, 50,
100, 200 mg/L (+) -Catechin {35 % F\» T, R* = 0.995
HEFRD F, 7 A 58 Proanthocyanidin j& % 5
L7z, 2018 4F o /N HAR BUBRIE 5 1 BSA ¥ T3 s
7= (Harbertson et al. 2002, Ichikawa et al. 2011). 3
ZbH, pH33IZHHEE L 727 4 >~ 500 uL 12 1.0 mg/
mL BSAVA I mL &2z, 4CTISHiRE ) %, &
P DL\ PR (200 mmol /L FEEE, 170 mmol/L
NaCl, pH4.9)250 uL % {RANL 72, FREERLUR O TR
2R (5% MY TE —VT 3, 10% SDSA
) 875 uL Z RINEHE L, 10501212 AS10 2 HI5E L,
COEETI vy E LT 0k, HALEER (10
mmol/L FeCl, in 0.01 N HCI) 125uL Z7mL, 104
%IZAS10 25 L7z, #eE#R12 0, 100, 300, 600 mg/
L (+) -Catechin i % F W TR L, R® = 0.995 % fift
Aot 74 »FE D Proanthocyanidin & & % FH L
7z.
5) oA

FEEEOMEW L Brix i (7 4 T4L PAL1) O/RTH
T OBrix (ECHERRT AL B2, Tha—)in%
HAza< k2757 (Agilent 6890N) THr#F L 7-.
Z OO ZHTIE EBLT AT E AT & D AT, Total
Acidity Ol I3 EME TR L 72,

KT - AEPSET H - NLIATER - S TR - RS

5. B RERFAN AT

BN %3 r HROFEIERABRT A 1225w, JISZ
9080 1 fiE v 2 F Rk B R K O 2 ST B T 3 Bk C i A
ML o EEHEEL 72, miREELE Y b
O—)Vo2E% 1/ E L, 2H#NRBRE LT I
D7 Color ] [FEHIROFE D A5 L& L 5
75+ Aroma from Grape] [#:A (IUEEPR) 23R ¢
Astringency | [JE& (R 74 &) A%V Body ] %,
2 ERERE LT [F ) BEN TV 5T Flavor
[#EM 2 i EMEN TV 5 Overall Quality | %
FHEE & L7z FEME, 7 A v OFE BRI
BERIIBE T A VEEHE SR ONEERR A
ZEAT O E T, 20164F1£ 1944, 2017 4F1% 17 44, 2018
FIZ16 8 TEM L. T2, FHMEOBIIER O 7 K
RO A IR L7z

(R Rl 3 73
1. /BB ERRERS (2017 4F)

2017 4F- O /NI B BRI 5 12 B 1T 2 im0 L
D 3EWEH @ Color Intensity (X, 2> b1 —)L X ) EWw
fETHER L7z (Fig. 1A,B). 7 R AIZOWT, 2H
HZSERE i A O 112 LBt o 7ot (P17
VI —)V5392%) 12T L AL72H DH28C short 1
THY, ZOREME (P2; 7)Va—V455120%)
TV AL7L DH28C short 2 TH A (Fig. 1A). 7
Ko BIZDOWT, 2H HE T 725mE i (7)1
T—)V535.7%) T o725, Z O 3FERIFIZ1E Color
Intensity 25 F A3 ) lhd 727280, ZOREHTT L AL
72 »H328C short 1 (P1; 7)Va—NV45371%) T
HY, FOREME (P2 7)Va—)L45510.0%) (12
TLAL7HDH328C short 2 TH 5 (Fig. 1B, Table
1A). 7 KA -B3kiZ, Color Intensity O K AHAF
ETT LA L7228C short L OSHS, 20 125 %
127 L A9 5 28C short 2 & 1) & Color Intensity (=
CHERET B L L HIT, BBEBEOTITTHEOVARLE
Zto7z(Table2). 2D LIZHRT A ¥ DB ERS
T % Anthocyanin 25HEH) O ML EE IZHE &9 5 & »
9 #es (Inoue et al. 2019, Padayachee ef al. 2012) %
FTET A E LIS, o7 L 2%, Anthocyanin
7T R Rz, RAFEANOMEE %X, Color Intensity
DBV DFER PN b Z b R L7z, £/, 7F
7 AL BTIEROLEDOMEIZKE SRk o 7228, fHA
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Fig.1 Wine color intensity (A420+A520+A620) during fermentation of Muscat Bailey A harvested from regions A and B in 2017.
Abbreviations: P1, pressing under 28 °C short 1; P2, pressing under 28 °C short 2; Pc, pressing under control conditions (25 °C).
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Table 1. Maceration period and chemical components at pressing in laboratory-scale vinification of Muscat Bailey A in 2017 (A)

and five cultivars in 2018 (B)

A
Maceration Period Apparent Brix Predlc.ted SpeColfIC Alcohol (% v/v)
(Day) at Pressing Gravity (15./4 © at Pressing
at Pressing
28°C short 1 2.0 12.0 1.027 9.2
A 28°C short 2 2.5 8.6 1.005 12.0
25°C (Control) 6 7.0 0.994 13.9
28°C short 1 2.1 14.4 1.043 7.1
B 28°C short 2 2.7 11.3 1.023 10.0
25°C (Control) 8 7.4 0.997 13.7
B
Maceration Period Apparent Brix Specific Gravity (15/4°C)
(Day) at Pressing at Pressing
Muscat Bailey A 1.027
30°C 6 7.3 0.994
30°C short 2.3 13.2 1.031
25°C 7 7.3 0.993
25°C short 3.0 12.7 1.027
20°C 8 74 0.992
20°C short 4.0 12.1 1.020
Merlot
30°C 7 7.7 0.993
30°C short 3.0 12.0 1.021
25°C 8 7.7 0.992
25°C short 4.0 11.9 1.018
20°C 9 7.9 0.992
20°C short 5.0 11.6 1.016
Zweigeltrebe
30°C 5 7.6 0.995
30°C short 2.0 11.9 1.023
25°C 6 7.4 0.994
25°C short 2.5 11.6 1.021
20°C 7 7.4 0.993
20°C short 33 12.3 1.027
Shokoshi
30°C 5 8.0 0.998
30°C short 2.0 10.4 1.014
25°C 6 8.1 0.997
25°C short 2.3 12.5 1.024
20°C 7 8.2 0.996
20°C short 3.0 13.9 1.027
Yamasachi
30°C 5 8.4 0.998
30°C short 2.1 12.6 1.026
25°C 6 8.4 0.999
25°C short 2.5 13.3 1.029
20°C 7 8.4 0.998
20°C short 3.5 13.0 1.027
Average
Normal Maceration 6.6 £ 1.1 7.8 £0.4 0.995 £+ 0.002
Short Maceration 3.0+0.8 123 0.8 1.023 = 0.005

— 116 —



IR A > O IR L OR)R

Table 2. Chemical analyses of wines from laboratory-scale vinification of Muscat Bailey A in 2017

Total lor Intensi lor Hi Proanthocyanidin Alcohol .
Anthocyanin (/(\:402(§1A52toe+:6t2}(;) (igzg/Asgz) (mg/I{) Y Assomn (% v/v) Total Acidity  pH Extract
28°C short 1 2.07 6.56 0.76 149 + 48 373 13.8 6.97 3.94 2.67
A 28°C short 2 1.87 6.20 0.80 82 £29 35.7 13.5 6.91 3.95 2.66
25°C Control 1.86 5.00 0.72 82 £ 15 30.9 13.6 6.81 3.92 2.58
28°C short 1 2.49 10.91 0.46 452 £ 22 48.2 13.9 11.76 3.50 2.98
B 28°C short 2 2.43 10.83 0.47 386 =0 47.0 13.4 11.28 3.50 2.86
25°C Control 2.24 9.87 0.48 3357 43.0 13.8 11.54 3.49 2.87

a) Vanillin-HCI assay. Means and standard deviations of two measurements because values varied markedly.

ELTIEFEBLERE o 72

Z DD 53 HHfili % Table 21278 L7z, 7 K7 A-B
12 iR HEE L 28°C short 1 @ Proanthocyanidin (3
ORERX L ) EVAERTH o7z (Table 2). MBA
72> 5 & 3172 Proanthocyanidin (&, i L A2 4 12
BT ePmMoNTEY (FEES 2020, /NEFS
2009, Okuda et al. 2014), JFAO—RFIZ 7 8 7 #lfaBE
A ~NOWHETH D I EPHEZSI LTS (TS
2011, Inoue e al. 2019). 4[R5 L 7= F M L 05
B (28, short 1) @ Proanthocyanidin j&fEAS 2 & b
O—)VERB L CTEL ko722 8iE, Bflo7 LA
73 Proanthocyanidin @ 7 N w7 il g BE ~ D Wz 75 7% #1]
L7zbotEzoh, BRHOHE 23T o8 L
Lol

2. /MBS BRREE (20184F)

30°C 4H3IkE L (30C short) & 25T @ EEL (25C)
g L 724 5, MBA @ Color Intensity i&, 30T
short 7325C D 115% Td 1) (Table 3), 20174 D/
BB BRRE & & FAROME A AL S 7z, Mer Tl
110% & 72 1) JeAThige (127 5 2020) AR M 23
s x 7275, Sks, Zwei, Yama ClIZIT[E UfH &
Y, IS X SRV S (Table 3).

ZOHBEO—> L L THREH @ Color Intensity 0
AL LML X BB PET 6N L. 30CTIEED
nhfE 3 Color Intensity 732 H f£E Cix sl 12 3E 9 5 —
¥, FOHEOHERIL, viniferafi (Mer, Zwei) 5%
RIS B DIk LT (Fig. 2B, 2C), EIHNZEL
anfE (MBA, Sks, Yama) 2SZUZIEA L7z (Fig.
2A, 2D, 2E). Proanthocyanidin %% <{ & % 115 Mer
X°Zwei TlZ, Proanthocyanidin 7% Anthocyanin & 434
WA LTI T AT = a Y& XITE ST

&I D EEIL Lz s EiEEsns (LS
2020, Heeral.2012). %7z, /INATFD L9 1230CIC
BT EMHEIZE L 72, 232 Color Intensity 23,
VS ormiEb b %E, ol - R X ZEWDE
gIhi.

SHOICMIEIC L > THIERESR 2722 L B
BIFHND. W TTLAT S LIZDOWTMBA,
Mer, Sks (Z Color Intensity DAV 2S5% L0272 0 &
WETHERE L 72— (Fig. 2A, 2B, 2DBE#E), Zwei,
Yama T (X Color Intensity 237 L A L 7z [EH N5 3~
ko — )b & R TIRWECHER L 72 (Fig. 2C, Ef§
#). Ribéreau-Gayon &5 (2006) X7 = / — VL&
W (Anthocyanin & Proanthocyanidin) 2ShH & 115 A
= FIE7 PO OMERHEICL > TREDEE R
LTWbZEns, SRIOFEEIZH 72 Zwei, Yama
& IR L X O 7L ARl L XTI
HEAZEBDND. Zwei lZBWTIE, FIIEEL L@
‘B [ | C Proanthocyanidin & B 12 25 DL E D #E03dH
HZEDH L (Table3), FYVADY A4 IV 7% bE
1020 TIE% <, 9P LEVI A IV I TT LA
% | 72 }7 7% Color Intensity % =5 5 72 W RETEDS B
4. F72, MerlZ B} % Proanthocyanidin ji 1%, i
LEIM SREEICIG U2 E 22 ), 30T, 25CiI2Bw
TIHHEFEELOFPEVKRE Y (Table 3), 2
S (2020) OFE L —HT LR TH o7, 4B,
Merl2BWT20CI2BWT4~5HIZH 1T T Color
Intensity 25 E - L 727% (Fig. 2B), Z AU fEEAE O
FEATMF1IHM20C 25 23CICEA LT LE 7272
DTHA.

B LI 12D\ CiE, Zwei @ & 9 12 Proanthocyanidin
RSN E , HEIRERE T S
s b & % 2 &5 (Fig. 2B, C), 25~30C O L%
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HARFEW - STy A -

Table 3. Chemical analyses of wines from laboratory-scale vinification in 2018

NS - TR - R

Total Color Intensit Color Hue  Proanthocyanidin Alcohol o
Anthocyanin (A420+A520+A62}(;) (A420/A520) (mg/I{) Y Assonn (% v/v) Total Acidity  pH Extract
Muscat Bailey A
30°C 1.740+£0.170  4.700+0.240 0.556 +0.001 24+1 31.1+0.6 134%=0.0 8.86+0.10 3.59+0.01 2.73
30°C short 1.440+£0.191 4.708 £0.350 0.677 +0.012 22+2 31.3+09 13.6+0.2 8.90+0.23 3.57+0.03 2.75
25°C 1.685+0.127 4.098+0.067 0.504 +0.009 19£2 275+09 13.6+0.2 8.47+0.07 3.55+0.02 254
25°C short 1.580+0.127 4.930+0.566 0.607 +0.029 24+2 298+37 140+0.1 8.70+0.01 3.54+0.01 2.61
20°C 1.845+0.198 4.308+0.378 0.461 +0.001 23+4 283+04 14.0%0.2 853+0.10 3.50%+0.05 2.51
20°C short 1.935+0.127 4.983+0.230 0.500 +0.032 28+2 305+1.2 143+0.1 855+0.21 3.49%0.02 245
Merlot
30°C 2268 +0.081 13.023+1.064 0.509+0.010  282+9  419+1.7 145+03 851+0.07 3.48+0.00 2.69
30°C short 2.418+0.004 13.945+0.410 0.500+0.004 238+13 419+1.6 14.6+02 857+0.16 3.45+0.00 2.70
25°C 2.305+0.064 12.683+0.067 0.507+0.002  279+5  412+0.1 148+0.1 855+0.12 3.44+0.01 2.63
25°C short 2.410+0.049 13.020+0.134 0.488+0.005 2562  39.6+t13 14.6+0.1 8.69+025 3.42+0.01 253
20°C 2.400+0.078 12.415+0.035 0.489+0.003 290+2  393+0.7 149+00 8.68+0.22 3.38+0.01 2.50
20°C short 2.468+£0.067 13.225%+0.134 0.473£0.002 294+11 40.0+0.0 14.8+0.0 8.63+£0.00 3.37+£0.01 2.46
Zweigeltrebe
30°C 2.573+0.117 12.973+0.124 0.435+0.006 33269 402+1.8 133+0.1 11.30+0.31 3.27+0.01 2.76
30°C short 2458 +0.067 11.748+0.152 0.436+0.001 10834 329+0.8 12.8+0.1 11.36+0.29 3.26+0.01 2.52
25°C 2.400+0.127 11.460x0.714 0.434+0.006 326+29 362+0.2 13.4+02 10.93+0.29 3.25+0.01 2.60
25°C short 2250+0.113 9.983+0.435 0.434+0.000 1298  295+0.6 12.7+0.1 11.21+0.13 3.21+0.00 2.35
20°C 2.173+0.025 9.720+0.078 0.435+0.002  287+2  32.1+0.1 132+03 10.79+0.20 3.20£0.01 2.41
20°C short 1.960+£0.071 8.410+0.445 0.450+0.005 1372  264%0.6 13.1£0.6 11.14+0.06 3.16£0.01 2.34
Shokoshi
30°C 8.920+0.368 18.035+0.912 0.510%0.005 28+4 799+£6.6 129+04 11.49+0.09 3.45+0.02 3.66
30°C short 8.475+0.134 17.655+0.389 0.562+0.009 25+8 77.6+£52 133+0.0 11.44+0.03 3.45+0.00 3.53
25°C 9.030+0.000 17.040£0.099 0.490=0.004 25+0 80.9+0.8 13.3%0.1 11.41£0.15 345+0.01 3.49
25°C short 8.860+0.453 18.420+1.386 0.528=0.013 25+0 77.0£87 133+02 11.43+0.19 3.39+0.00 3.36
20°C 9.325+0.304 17.125+0.064 0.482+0.000 24+1 783+03 13.7+0.1 11.26+0.08 3.41+0.02 3.42
20°C short 8.700£0.042 17.805+0.573 0.510+0.041 23+3 75.0+3.1 13.5+03 11.75+0.43 3.32+0.05 3.35
Yamasachi
30°C 9.720+0.523 18.660+0.849 0.467 +=0.008 40+ 1 78.4+23 133+0.2 1690+0.44 3.30+0.01 3.85
30°C short 8.240+0.750 16.975+0.431 0.666=0.014 45+4 754+0.1 14.1+0.2 16.70+0.05 3.30+0.00 3.92
25°C 9.115+0.502 17.070£0.226 0.531+0.017 38+3 77828 14.0+03 1691+0.01 3.30+0.01 3.99
25°Cshort  7.745+0.304 15.790+0.085 0.668 =0.006 37+5 71304 14.1+03 17.23+0.05 3.27+0.00 3.85
20°C 9.675+0.361 16.570=0.410 0.517 +=0.004 35+2 737+1.6 139+0.1 17.20+0.33 3.24+0.00 3.88
20°Cshort  7.945+0.813 15.650£0.099 0.609 =0.009 40+3 71.1+0.6 14.1+02 17.11+0.32 3.21£0.01 3.76
a) Bovine serum albumin (BSA) precipitation method.
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(E) Yamasachi
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Fig. 2 Wine color intensity (A420+A520+A620) during fermentation of Muscat Bailey A (A), Merlot (B), Zweigeltrebe (C),

Shokoshi (D), and Yamasachi (E) in 2018.

Abbreviations: P30s, pressing under 30 °C short; P25s, pressing under 25 °C short; P20s, pressing under 20 °C short; P30, pressing under 30

°C; P25, pressing under 25 °C; P20, pressing under 20 °C.
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Table 4. Chemical analyses (A) and sensory analyses (B) of wines in winery experiments

A) Chemical analyses

HT&S Maceration Condition Total . Color Intensity Color Hue Proanthocya;)lidin Ason,
Anthocyanin = (A420+A520+A620)  (A420/A520) (mg/L)
Variety Specific Gravity
Temperature o
°C] Day (15/4 C) HT&S Control  HT&S Control  HT&S Control HT&S Control HT&S Control
at Pressing
MBA-el 26-36 3 1.009 1.75 1.81 539 451 0.63 0.57 186 =35 232+19 369 35.1
MBA-e2 31-34 3 1.014 242 243 745 8.57 0.48 045 201 +5 491 £100 40.8 455
MBA-e3 28-30 4 0.998 126 1.29 425 344 0.81 0.71 257+22 28011 28.8 260
Mer-e4 12-26 9 - 255 268 1443 1484 047 047 1898 =158 1631+268  46.5 53.5
Zwei-e5 11-27 4 1.020 320 291 1324 1193 037 038 136797 1349+37 445 421
Variety ?}/ic\c:l/l\(:)l Total Acidity pH Extract
HT&S Control HT&S Control HT&S Control  HT&S Control

MBA-el 104 10.9 8.79 7.33 3.90 3.88 2.74 2.52
MBA-e2 133 13.3 8.14 8.63 3.61 3.57 2.64 2.89
MBA-e3 128 135 6.99 6.69 3.85 3.87 2.50 2.43
Mer-e4 15.2 14.8 1027 941 3.34 3.38 3.13 2.83
Zwei-e5  13.0 12.7 7.07 6.65 3.55 3.58 2.30 2.13

a) Maceration temperature and day under HT&S condition, and specific gravity at pressing
b) Vanillin-HCI assay. Means and standard deviations of two measurements because values varied markedly.
Abbreviations: HT&S, high temperature and short maceration; MBA, Muscat Bailey A; Mer, Merlot; Zwei, Zweigeltrebe.

B) Sensory analyses

Aroma from

Variety Vintage Color Flavor Grape Astringency Body Overall Quality
HT&S Control  HT&S Control  HT&S Control  HT&S Control ~ HT&S Control ~ HT&S Control
MBA-el 2018 16* 0 10 6 11 5 13* 3 12* 4 9 7
MBA-e2 2017 9 8 11 6 9 8 11 6 11 6 12 5
MBA-e3 2016 15* 4 13 6 12 7 10 9 9 10 14 5
Mer-e4 2018 5 11 11 5 8 8 7 9 9 7 8 8
Zwei-e5 2017 17* 0 10 7 9 8 13* 4 14* 3 10 7

Paired comparison tests were carried out by 19, 17, and 16 panelists for 2016, 2017, and 2018 vintages, respectively.
Each value represents the number of panelists who chose either HT&S or Control as the higher one.

*) Significant difference (binomial distribution, P < 0.05) between each HT&S and Control group.

Abbreviations: HT&S, high temperature and short maceration; MBA, Muscat Bailey A; Mer, Merlot; Zwei, Zweigeltrebe.
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Fig. 3 Temperature changes during fermentation in winery experiments. (A) MBA-el, (B) MBA-e3, and (C) Zwei-e5.
Abbreviations: Py, pressing under high temperature and short maceration; P, pressing under control conditions.
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