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Change in Ascorbic Acid Content during Fermentation and Storage of
Wine Grapes Grown in Japan

Takeo MIKI, Yuhsuke IWATA, Fujitoshi YANAGIDA, and Takashi SHINOHARA
The Institute of Enology and Viticulture, University of Yamanashi
Kitashin 1-13-1, Kofu, Yamanashi 400-0005, Japan

L-Ascorbic acid (AsA) has antioxidant activity and is present in wine and table grapes. The AsA content of fresh musts
and wine produced from grapes grown in Japan was analyzed by HPLC. Analyses were carried out during the fermentation
process and subsequent storage of the wine. Wine grape musts contained 0 to 29 mg/L AsA, whereas table grape musts
contained 0 to 19 mg/L AsA. Most of the AsA in grape must disappeared during the fermentation process. The AsA content in
fermentation musts to which AsA was added was also monitored. In these musts the AsA content decreased by 8-82% in white
and red musts during fermentation, and decreased by a further 1-71% during the clarification and bottling processes. AsA also
decreased by 6-32% during a 12-month cellared-storage period. The fermentation rates and flavor components were only
slightly influenced by the addition of AsA. However, some color darkening was observed in the wines to which AsA had been
added. Suggestions to prevent darkening include adjusting the sulfur dioxide concentration relative to AsA levels, purging of
oxygen from bulk wine and/or bottled wine, or analyzing wine components. The AsA content in commercial bottled wines
with AsA inclusion stated on the label was 0 to 39 mg/L.
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Table1 Ascorbic acid content of wine and table grapes from Yamanashi
and Nagano areas — (1) White grapes.

Ascorbic  Sugar

Grape variety s?ﬁa:;jfg Vn::g':rd acid content
mgl) (%)
Wine grapes
Koshu-1 2002. Sept. 20 Yamanashi 7 16.2
Koshu-2 2002. Qct. 7 Yamanashi 0 19.0
Koshu-3 2002. Oct. 9 Yamanashi 0 18.2
Koshu -4 2003. Sept. 29 Yamanashi 0 15.0
Koshu-5 2003. Oct. 14 Yamanashi 4 16.4
Koshu -6 2003. Oct. 14 Yamanashi 1 16.6
Chardonnay -1 2002. Aug. 9 Yamanashi 2 152
Chardonnay -2 2002. Sept. 5 Yamanashi 0 20.0
Chardonnay -3 2002. Sept. 11 Yamanashi 0 18.4
Chardonnay -4 2002. Sept. 28 Nagano 11 216
Chardonnay -5 2003. Aug. 26 Yamanashi 7 17.2
Chardonnay -6 2003. Sept. 17 Yamanashi 0 19.0
Chardonnay -7 2003. Sept. 27 Yamanashi 0 19.6
Chardonnay -8 2003. Sept. 20 Yamanashi 25 19.0
Sauvignon blanc -1 2002. Anug. 9 Yamanashi 7 16.4
Sauvignon blanc -2 2002. Aug. 27 Yamanashi 0 19.2
Sauvignon blanc -3 2003. Aug. 26 Yamanashi 10 16.2
Sauvignon blanc -4 2003 Sept. 5 Yamanashi 0 17.0
Sémillon -1 2002. Aug. 9 Yamanashi 1 08
Sémillon -2 2002. Ang. 28 Yamanashi 10 174
Sémillon -3 2003. Aug. 26 Yamanashi 11 14.0
Riesling -1 2002. Aug. 9 Yamanashi 2 136
Riesling -2 2002. Aug. 27 Yamanashi 0 15.8
Riesling -3 2002. Sept. 11 Yamanashi 0 18.0
Riesling -4 2003. Aug. 26 Yamanashi 8 132
Riesling -5 2003. Sept. 11 Yamanashi 0 144
Ugmni blanc -1 2002. Aug. 9 Yamanashi 0 12
Ugni blanc -2 2003. Sept. 5 Yamanashi 29 11.6
Ugni blanc -3 2003. Sept. 12 Yamanashi 10 11.0
Ugni blanc -4 2003. Sept. 20 Yamanashi 9 12.0
Ugni blanc -5 2003. Qct. 10 Yamanashi 7 12.6
Pinot blanc 2002. Sept. 28 Nagano 10 19.0
Eemer 2002. Sept. 28 Nagano 5 174
Miagara 2002. Sept. 28 Nagano 3 17.0
Table grapes
Koshu-1 2002. Sept. 15 Yamanashi 3 16.8
Koshu-2 2002. Oct. 12 Yamanashi 0 17.0
Koshu-3 2003. Oct. 14 Yamanashi 1 172
Kaiji 2002. Sept. 16 Yamanashi 10 20.0
Niagara 2002. Sept. 22 Nagano 3 14.4
Delaware 2002. Aug. 9 Yamanashi 0 16.6
Range for white 0-20 12-
grapes : 20.0
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Table2 Ascorbic acid content of wine and table grapes from Yamanashi
and Nagano areas — (2) Black grapes.

Gra . Date of Vineyard ~Ascombic  Sugar

pe variety sampling area acid

(mg/T) (%)

Wine prapes
Muscat Bailey A -1 2002 Aug 28  Yamanashi 4 154
Muscat Bailey A -2 2002. Sept. 16  Yamanashi 13 18.6
Muscat Bailey A -3 2002. Sept. 24 Yamanashi 0 172
Muscat Bailey A -4 2003. Aug. 26  Yamanashi 8 142
Muscat Bailey A -5 2003. Sept. 12 Yamanashi 17 170
Muscat Bailey A -6 2003. Sept. 30  Yamanashi 1 18.0
Cabemet Sauvignon-1 2002. Sept. 24  Yamanashi 11 18.6
Cabernet Sauvignon -2 2002. Sept. 28 Nagano 12 200
Cabernet Sauvignon -3 2002. Oct. 9 Yamanashi 6 202
Cabernet Sauvignon -4  2003. Sept. 5 Yamanashi 12 172
Cabernet Sauvignon -5 2003. Sept. 20  Yamanashi 8 170
Cabernet Sauvignon -6  2003. Oct. 10  Yamanashi 10 192
Merlot -1 2002. Aug 9 Yamanashi 3 150
Merlot -2 2002. Sept. 11  Yamanashi 8 194
Merlot -3 2002. Sept. 28 Nagano 5 214
Merlot -4 2003. Aug. 26  Yamanashi 5 162
Merlot -5 2003. Sept. 20 Yamanashi 7 19.6
Merlot -6 2003.Oct. 10 Yamanashi 9 19.6
Pinot noir -1 2002. Aug 9 Yamanashi 3 192
Pinot noir -2 2002. Aug 16  Yamanashi 0 190
Pinot noir -3 2002. Sept. 28 Nagano 2 164
Pinot noir 4 2003. Aug. 26  Yamanashi 0 156
Syrah-1 2002. Aug. 9 Yamanashi 2 122
Syrah -2 2002. Sept. 24 Yamanashi 7 182
Syrah -3 2003. Aug 26  Yamanashi 7 138
Syrah 4 2003. Sept. 20 Yamanashi 14 172
Dornferder 2003. Aug. 26  Yamanashi 17 184

Table grapes

Kyoho 2002. Sept. 15 Yamanashi 19 208
Pione 2002. Sept. 15 Yamanashi 14 184
Steuben 2002. Sept. 15 Yamanashi 11 176

Range for black 019 12.2-

grapes : 214
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Fig.1 Fermentation curves of grape juice with or without addition of
ascorbic acid — 200 mL scale. Amounts of ascorbic acid added: 0,
200, 500 and 1000 mg/L. Grape juices were fermented at 20°C.
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Fig.2 Change in ascorbic acid content during fermentation — 200 mL scale.
Amounts of ascorbic acid added: 0, 200, 500 and 1000 mg/L

Table 3 Alcoholic fermentation of grape juice with ascorbic acid — 200 mL scale.

Test lot ¥ Alcohol pH TAY Ascorbic AcH® EAY THA®Y AB?
acid
(vivta) (gL) (mgL) (mgl) (mgLl) (mgl)
AsA-0 (Control) 10.0 305 822 0 18 21 220 63
AsA-200 10.0 307 841 66 4] 20 200 74
AsA-500 10.1 302 852 275 g 19 216 6.5
AsA-1000 10.1 301 841 696 15 22 230 62

a) Addition of L-ascorbic acid: 0, 200, 500 and 1000 mg/L. b) Total acid is expressed as tartaric
acid. c) Acetaldehyde. d) Ethyl acetate. €) Sum of n-propyl, iso-butyl and iso-amyl alcohols.

f) Iso-amyl alc /Tso-butyl alc.
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Fig. 3 Fermentation curves of small-scale white wine making using Koshu
and Chardonnay grapes, with or without addition of ascorbic acid — 7
L scale. The fermentation was performed at 18-20°C. Amount of
ascorbic acid added: 200 mg/L.
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XEDHEALTRED, 20 AsA XOHEAR (AsA X/
KFHRX X 100) 13 Koshu, Chardonnay-1 35X O MBA 23
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S
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8
B
)
51
1]
<
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1. AsA addition 2. Completion 3. Bottling/wine
/fermentation /fermentation
Fig. 4 Change in ascorbic acid content during small-scale wine making with

addition of ascorbic acid — 7 L scale. White wines: Koshu,
Chardonnay, Sauvignon blanc (Sauvignon B), Riesling. Red wines:
Muscat Bailey-A (MBA), Cabernet Sauvignon (Cabernet S), Merlot.
A/F: Test lot with the addition of ascorbic acid (200 mg/L) during
fermentation period. AsA addition/fermentation: The addition of
ascorbic acid to must during fermentation
Completion/fermentation:  The  completion
Bottling/wine: The bottling of new wine.

period.
of  fermentation.
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Table4 Wine components in experimental wine making with or without ascorbic acid — 7 L scale.

Lot? Alcohol pH TAY? va® AsChic pope  T1so? oD?
(v/v%) (gl) (gl) (mgl) (mgl) (mgl) 430mm
1)Koshu-Cont 125 310 825 024 0 21 07 0.113
2)Koshu-AsA 126 321 802 025 116 22 84 0.132
3)Char-1-Cont 131 345 761 023 0 11 106 0.117
4)Char-1-AsA 131 348 780 020 146 13 03 0.142
S)MBA-Cont 132 374 536 034 0 26 78 0.975
6)MBA-AsA 132 373 543 034 35 23 02 1.056
Lot AcH? EAY THAY aAB? EI¥ 2P0 iAA™  EC6™
(mgl) (mgL) (mg/L) (mgll) (mgl) (mgl) (mgl)
1)Koshu- Cont 32 56 253 41 4 80 19 0.8
2)Koshu- AsA 30 58 232 4.0 4 72 1.7 0.8
3) Char-1-Cont 16 30 405 8.0 6 20 13 1.1
4) Char-1- AsA 17 36 478 75 5 17 12 1.3
5) MBA - Cont 4 40 77 35 31 53 1.0 0.4
6) MBA - AsA 5 38 751 35 27 56 0.9 0.4

a) White wines: Koshu and Char-1 (Chardonnay-1), 2002; Red wines: MBA (Muscat Bailey A). 2003.

Cont: No addition; AsA: Ascorbic acid 200 mg/L.

b) See Table 3 c) Volatile acid as acetic acid. d) Free SOz. €) Total SOz2. f) Optical density.
g h, i j) See Table 3. k) Ethyl lactate. 1) 2-Phenylethyl alcohol. m) Iso-amyl acetate. n) Ethyl caproate.

LAV @polc ZENEZ LIV, 7B, WHEO
AsA FEHE 50~100 mg/L [Z31) DI IRIX K 0
NG ASERRE DL AR H Y, £, 5~12%I1F L5
RBEAEWE SN (15, 16, 19),
WICRERERE 8 XD AsA X (EFL Koshu,
Chardonnay-1 33 X T MBA %5 Te) (2T, ZEE)
DIEFED OMWMRIZEIT D AsA IREOHERS 2 ik L7
(Fig. 4), ZDOHAIZ AsA XIZIE AsA 200mg/L 23
MEi, E7o, ZAUHHRIX D AsA REEE 0~8 mg/L
ThHoln, ZD 8 XKIyD AsA EEDIEAIZOWTHRD
& 4 X453 (Cabernet Sauvignon, Riesling, Chardonnay-1
F LU Koshu D AsA/F [X) D30I LTED
4 X437 (Merlot, Chardonnay-2, Sauvignon blanc 33 X TF
MBA @ AsAF [X) DEald Lc, F72, 2uElc
WA L7e 4 Kk, (1) ZFERWRET
(Chardonnay-2, Sauvignonblanc), (i) F&EEHIZEGH
WIRT (MBA) BXOY (i) FEEEZICRERIKT
(Merlot) . (253772, ZDFAED AsA JEEE DR
[SUSINRELZ 1~65 mg/L Th Y | FEETIZ 9~98 mg/L
THY, £To, FEEHE T BYERED F T2 2~142 mg/L
Tholz, ZOWDEOEFHHIOWT, MR
U724 X315 33~84 mg/L TH Y, 2 Lz 4
X531 140~178 mg/L Th o7z, £1=. FIENDH
DI (R BRI X 100) 13 16.5~42%3 L 70~

89% ThH o7,
4. A VEFRIZEITE AsA BEB L UI A VEHD
plls
REAEIE T A > (BEESD, 720mL &, 2LV §THR)
X 12 7 A, #FE 7 —I2RE LT E b x 22 7
(Table 5), AsA #IN 11 X3ZDWT, {12 4 Hi%
D AsA JEFEIZ 0~156 mg/L & KX 725ENH -T2, =
D9 HTERFIC BT D HIIRE D E -T2 6 Koy
(Koshu-AsA/F, Koshu-AsA/B, Chardonnay-1-AsA/F,
Chardonnay-1-AsA/B, Riesling-AsA/E. Cabernet S-AsA/F)
3 HTE 12 AR BERFRED & o T2 (73~156
mglL), LrL. WIRREOEKN-TZ 5 X5
(Chardonnay-2-AsA/F, Sauvignon blanc-AsA/F, MBA-
ASA/F, Pinot noir-AsA/F, Merlot-AsA/F) I3 FieE
ME -T2 (0~11 mg/l), ZD AsA B EIL 11~64
mg/L OFPHIZH Y, T8 324 mg/l ThHho7Tz, ZD
A D AsA BV (KT 12+ A RINCBD Ui /iT
JEIRFDRFEIREE X 100) 1, WIFEIRELDE AsA D 6
X5375 6.6~37.1% LKL, FPEIREE DK > T2 AsA D
5 X578 81.6~100% & Eih o7, ZD X HIT, AsA Ji
FEDRV I35, YRR DI Z OO & L C
INSWER & RIS, 2O TREL R HGEM
IRSNTe, ZDOXDRIEEED T A ORI 5
AsA BIE DR ZONWTIE, EHED A T2~176
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Table5 Wine components in bottled wines cellared for 12 months.

Wine lot ¥ Ascorbic acid F-80,/T-80; Color (0.D.)
(mg/L) (mg/L) 430nm  /  530mm
Months of storage ~ Months of storage Months of storage
0 : 12 0:12 /[ 0 :12 0 12/ 0 12
White wines
1. Koshu-Control 0 0 21 12/ 97 o4 0117 0196/ 0064 0127
2. Koshu -AsA/F 116 73 22 20 89 84 0.132 0.193/ 0.062 0.112
3. Koshu -AsA/B 173 109 21 19/ 97 o9g 0,105 0188/ 0062 0.112
4 Chardonnay I: 0 0 11 9 /106 g4 0.117 0.196/ 0.064 0.127
Control
5. Chardonnay 1:
146 116 15 9 93 0.142 0222/ 0055 0.105
ASA/F a
6. Chardonnay 1:
156 1 1 17 7 114 194 056 0,102
B 5 37 8 96 93 0 0,194/ 0.0 0.10
7. Chardonnay 2:
60 11 17 3 72 45 0.165 0.288/ 0.057 0.122
8. Sauvignon
blane - 22 0 32 6 /119 65 0.168 0284/ 0.065 0122
AsAF
9. Riesling
146 109 35 18 89 72 0.128 0.189/ 0.052 0.099
-AsA/F
Red wines
10. MBA9Control 0 0 26 12 78 64 0975 1170/ 1.263 1470
11. MBA - AsA/F 35 2 23 9 92 65 1.056 1.268/ 1328 1.646
12. Pinot noir -
14 1 16 5 65 1.541 1.878/ 0.857 1.074
AsAF
13. Merlot -
2 1 4 44 22 01 2,870 2,
F 38 3 3 6 80 3.010/ 7 950
14, Cabernet S. -
' 167 156 33 19/ 86 57 1.090 2520/ 1.660 2.450

a) Control, no addition; AsA/F, ascorbic acid addition (200 mg/L) to must at fermentation;
AsA/B, ascorbic acid addition (200 mg/L) to new wine at bottling.

b) Free and total 8O,.
¢) Muscat Bailey A.

mg/L (FIFEIREED 20~100%IFH2, 6~10 +» HED
free) (13, 15, 17) 25, F7=, SMEET A T 16~
57 mg/L (WIFEIEEED 26~88%|ZAHY, 11~12 » AR
OFE) 9, 16) LS, Lo T, ARIOR
BRI D AsA IREOZE IR EROFERFER &1
FEELT-,

RN 14 Xy OHRRAIREEIL, IR 12 7 A2
TR S L ONRHERTEER Y 1~26 mg/L 38 L OV 1~54
mg/L 87V L7z, Koshu 35 & TF Chardonnay-1 @ AsA [X.

(ASA/F B LN ASA/B) 1ZOUNT, HAREEIEEE DI T
TERIRX & 0 /&< AsA BRI & 2R L oo 2h 5
DREHTz, LU, Muscat Bailey-A OFRERX Tl
AsA X & HRIXOHEREAIREL S AR TH V| AsA T
IMOFENITRE 2o T, EDOMOD AsA XTI, i
TMATR L DA R 723 K Z U X 55 (Chardonnay-2. Sauvignon
blanc, CabernetS) &/ X455 (Riesling, Pinot noir,
Merlot) 73d-7-, Z DOREIZ AsA USINZISIT 5 difiifie

TEEA~ORENT, HERESEXIC LD HE LT,

T A AFNIETEICE A L TR Y, 2o Eaf (I
TS DA — W/ ATHE X 100) 1% 430 nm 33 L T8 530
nm (2330 1T 20.0~131.2%33 L UN2.8~114.0% TH -
72 Koshu ERXOEFHZONT, AsA X (AsAFF,
AsA/B) & HHBIXITET 12 # H 10 430 nm OfEANE
IZERILCTHY . F£72. 530 nm DfEIZDOVT AsA X5y
MR L VKD -T2, LoT, 2N DORBRX /L
HPRi% DA (430nm) AL THY | AsA PINL
HEE~DOEBERRINENERTH - 72,
Chardonnay FABRIXIZ-OVNTC, BPEL D 430 nm OfEl
ASA/F X3SIRIX L0 @<, AsA/B XMED -T2, &
72, 530 nm DfEIE AsA D 2 RA3DSIRX L 0 1K)
7z &> T, Chardonnay #RBRX CTITIEFEDIFD AsA I
INPEEAIHFNA N2 Z L AVRBE S LT-, MBA &
X CIIATERABR ORI & BT, AsA X (AsA/F) 723%t
RX LV iEATH-T- (430nm BLUN530nm), 372
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PH, MBA RBRX Tk AsA W X 2R VR
SNz, EOMOFERKIZOWT, DK E L AsA
X3 (Chardonnay-2-AsA/F. Sauvignon blanc-AsA/F,
Riesling-AsA/F, Cabernet S-AsA/F) & /NE72 AsA X7
(Pinot noir-AsA/F. Merlot-AsA/F) 7VRE7z, 2D
BRIZ, U A EFRIIKRTT 5D AsA RO TRBRXIZ
L OMELT,

ASAERIZBIT 2V A HEIITEIND DO TH
DN, ZAIUTEFAHPHICH D Z EnEEND, ZOH
BORR E LIS Tl 7= L 51T, EAEEREOHE
bris LY AsA fil BTG U7 Bl 5 O FRHE )
b5 (6, 8), TAUTHERLT AT AsA SO mg/L ZHML
7oL & 2D AsA DIEEUS & ZAUTEERT 5 HEatE
IOEDOINEDTZOITIX, W 31 mg/L 2239
2, A Bl OFERREGE 23U T FERE & IuifE T AsA
JD BN 44~200 mg/L THHT7-DT, ZHUTKLT D
72O DOHERA T 27~124 mg/L LHE SNA ZHuC
R UC, ASREAEEEEEL 31T A dpEA e & A&
3 140mgll (AU A ) BLO120mgL RV A )
Tholzh, ZOMmEEE CIEEbRIS T Lz
AsA BITHLTE D56 L HLTE WEE 2 EE
I, EoT, AsAfERICBIT AL LT, T
AsA BRI U7- R O, IRANTT A
CRIOEANOERRE (RE) OB LORET 5
T A UG DOHTEBP R S5,

o FRRORBRFER LD AsA IBER IO AR L
OEE, BRI SICE > TRESEEIND Z LN
RENTZ, Ko T, UA L OEESE (7 R 5L,
BB, () (6 L7- AsA [EFEEZ RIS 5 2
EVBWETHY | SHOWFENEESZ 2 D,

5 S\EETA D AsA EHEDDHT

TIROINEFED A > (HEFED S, AsA I DOFRR)
DINTHER A RS (Table 6), HY A L OEAEIT 0~
39mg/L THY, JRUA > TIE 18~30mg/L Th -7z,
ZAUIBER 24) OfHERATY A D AsA S3HTE (0
~324mgL) CIXHIFERRDORE L~V ThHoTo, ZD
INTRER LD HERT A D AsA R L LTIE 30
~100 mg/L MEE Sz 7236, TIROEEDY A (82
SEOEL) D AsA BEFEEICHOWTIL, 2 TOMERG R
HThoTz GHrT —ZITR LTy, F72, AsA
i ZFoR LT-EEY A ATEEICR SN2 0o T,

AAPET R O7 AL e HER LU

Table 6 Ascorbic acid content in imported wines. 3

No. Production  Grape variety / Appellation asc;:]zml; cid
White wines
1 Awmstralia Sémillon. Chardonnay 39
2 Awstralia Muscat 35
3  Awstralia Sémillon, Chardonnay 1
4  Australia Sémillon. Chardennay 14
5  Anstralia Sémillon, Chardennay 5
6§  Chile Sauvignon blanc, Sémillon 0
7 Chile Chardonnay 0
8 Tialy Pinot, Chardonnay 0
Eed wine
9 France Beanjolais nowvean 30
10  France Beaujolais-Village 18
11  France Beanjolais “Chiroubles™ 22
12 France Beanjolais nouvean 20
13 France Beanjolais nowvean 23

a) Statement of ascorbic acid use on the label.

B &

2002 35 LN 2003 AFITINHE S AU7 [IBURPESRS LY
FEHEEDOT A U HBIOAERHT Rz onT, L
TAANECEE (AsA) GAEEE O LT, 7 FUi
ilhe, EPE L TR A28l 24 A L C HPLC
WZE DT LT, AsA JREEIT 70 308 (22 dbfE) 12D
W T 0~29 mg/L RV LU T o7 AsA HRIN(200
~1000mg/L) (ZL257 RUFH (b AR) ORELRE
BERUA UG ~DORETIT & A EFRO B o
72 LU, AsA WINIUA 3 (OD) ZHfaE
ST TH T, AsA JEEEIIEEERGE (GElz,
YEEED, IR LRI L TR, Z o
BRI L0 RE SARELTL ZOFERIT AsA EED
ZAbds JUMEERBARICKR 5 U A VEEESRM: (7 FY
pufl, FEEE, RE) ORBZIRL TR, VA O
FECHEIT I LTz AsA EELOMLEEMEN RIE S
7o FTo. AsA ERICEIT DIERE R & U CllifiBaRE
DOFEE, PRI OGS L OB T &R Lz,
TIROAERED A > (13 5. AsA EHDOZFRR) & 5007
L7oRER, AsA JRFEIX 0~39 mg/L ThoT-,

#
R O7 UK ZH HTEE £ L3R
FORFROU ATV —BRE OERICTRHE L £7,

X
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