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Malic Acid Production and Decomposition Ability of Selected Wine Yeasts

Takashi SHINOHARA, Hideaki OKADA, and Fujitoshi YANAGIDA
The Institute of Enology and Viticulture, Yamanashi University, Kofu 400-0005, Japan

The L-malate content in grape musts plays an important role in the acidity and taste of wine. Thus, the
acid composition of wine can be altered appropriately by the production or decomposition of malate by wine yeasts.
We examined the acid productivity of 105 strains of wine yeasts and 470 strains of wild yeasts (Saccharomyces
cerevisiae) during alcoholic fermentation of grape juice, pH 3.2. The acid content of the fermented juices ranged
from 121 to 200% of the initial grape juice levels. Fermentation tests for the production of malate revealed that
25 of 180 strains tested were malate-productive and 155 strains were malate-decomposing. During grape juice
fermentation, 5 of the productive strains produced 0.35-0.61 g/L of malate, whereas 6 of the decomposing strains
degraded 1.44-2.69 g/L of malate. The addition of ammonium phosphate and mineral nutrients to the grape juice
accelerated the fermentation rate without affecting the production or decomposition of malate. Respiratory-
deficient mutants were derived from wine yeast RIFY 1218 by treatment with ethidium bromide to improve the
malate productivity. These mutants increased the malate production to 0.47-1.55g/L. The properties of the yeast
strains were influenced by the fermentation temperature and initial pH of the grape juice. Selected strains and
mutants showed malate-productive or malate-decomposing activity during fermentation in experimental wine-
making. Since different wine yeast strains demonstrated either high malate-productivity or malate-decomposing

activity, selection of appropriate strains or malate-productive mutants may be useful in wine production.
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Table 1. Acid production by various yeast strains during grape juice fermentation.

Yeast strains

Relative acidity (%) ¥

121 131 141

Source Number

151 161 171 181 191

~130 ~140 ~150 ~160 ~170 ~180 ~190 ~200
Wine yeast 105 14 31 39 16 5 0 0 0
Wild yeast 470 15 106 216 87 29 10 4 3
Total 575 29 137 255 103 34 10 4 3

a) Expressed as a production of the initial acidity, which was assumed to be 100.

Table 2. L-Malate production and decomposition by various yeast

strains during grape juice fermentation.

Yeast strains Relative malic acid content (%) T
Acid Numb 61 81 101 121
productivity Umber .60 ~80  ~100  ~120  ~140
Low productive 26 11 4 0 0
High 154 57 47 19 6
productive

a) Expressed as a production of the initial malate content in the
fermented grape juice, which was assumed to be 100.
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L-Malate production and decomposition by selected yeast
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pH Total acid L-Malic acid (%)
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Lot Strain @ time (days) (v/v%) (g/L) BN HEASEEITEES 4 R
(Productive strains) TR . _
I. Grape juice (Juice) — — 3.40 4.02 1.30 (100) THhBIENRBDONZ F
(control) RIFY 1001 17 122 330  4.92 0.83 (64) BEE BT £ DR L
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D2-b 15 11.5 2.95  6.83 0.85 (64) BRI OBE . Sl EEEK
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YMT31-2 14 11.5 3.00 6.61 0.90 (68) 0. E DRI DAREDIZ)
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a) Wine yeasts: RIFY 1001, 1025, 1026, and 1218. Wild yeasts: D2-b, NS-3,

MNB-5, YMT31-2, HKS-1, LSI-2, MTK-71, and IB14-1.
b) Nutrient: 0.1% KHyPO4 0.044% CaHPO4 - 2H20, 0.05% (NH,):HPO,,

0.05% MgSO4* TH20.

c¢) L-Malic acid (3 g/L) was added to the grape juice.

d) Ethanol content.
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Table 4. L-Malate production and decomposition by
respiratory-deficient mutants of wine yeasts
during grape juice fermentation.

L-Malic acid

Strains Content (g/l) (%)
(Juice) 1.54 (100)

RIFY 1218 @ : parental 1.98 (128)
YRDE1 :RD b 2.01 (131)
YRDE2 :RD 2.67 (173)
YRDE3 :RD 2.84 (184)
YRDE4 :RD 2.69 (175)
YRDE5 :RD 2.90 (188)
YRDE6 :RD 2.74 (178)
YRDE7 :RD 2.80 (182)
YRDE8  :RD 3.09 (201)
YRDE9  :RD 2.89 (188)
YRDE10 :RD 2.72 (177)
RIFY 1001 © : parental 0.76 (49)
WRDE1 :RD 1.06 (69)
WRDE2 :RD 0.95 (62)
WRDE3 :RD 0.97 (63)
WRDE4 :RD 1.04 (68)
WRDES5 :RD 1.06 (69)
WRDE6 :RD 0.92 (60)
WRDE7 :RD 0.75 (49)
WRDES :RD 1.00 (65)
WRDE9 :RD 0.88 B67)
WRDE10 :RD 0.78 (51)
RIFY 1022 9 : parental 0.92 (60)
ORDE1 :RD 1.28 (83)
ORDE2 :RD 1.30 (84)
ORDE3 :RD 1.18 n
ORDE4 :RD 1.16 (75)
ORDE5 :RD 1.25 (81)
ORDE6 :RD 1.22 (79)
ORDE7 :RD 1.27 (82)
ORDES :RD 1.27 (82)
ORDE9 :RD 1.22 (79)
ORDE10 :RD 1.27 (82)

a) L-Malate-productive strain.
b) RD: Respiratory-deficient mutant.
c) L-Malate-decomposing strain.
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Table 5. Fermentation test on selected strains and respiratory-deficient

mutants at 20°C.

BN - MEXY - EES

TCAY A ZIVICU BB KUV F

FHOBREMAT L RICROE

Fermentation Ale.b pH Total acid L-Malicc acid (%)
Strain ® Time (days) (v/v%) (g/L) EBRGRAFRT/—IVEIEEBED
Juice) — — 3.20 4.06 1.72 (100) s s . 18
RIFY 1218 30 104  3.40 5.73 1.85 (108) ”’TT/? £ '::)I’E/&;mﬁf
YRDE1 33 8.7 3.30 6.14 1.75 (102) Foo—E. UV TETE RO S
YRDE2 33 95  3.20 6.81 2.39 (138) —vm) A E SHEBE | T
YRDE3 33 102 320 6.6l 2.03 (118) ,t%) ? ”Eﬁﬂ%"l’?aé
YRDE4 33 10.6 3.30 7.18 2.48 (144) CENHEE I N/ FEBRTIES
YRDES5 33 10.3 3.20 7.16 2.60 (151) N IEREEREE R DIES . TCA
YRDES6 33 9.9  3.20 7.04 2.76 (160) X A
YRDE7 33 105  3.20 6.54 194 (112) TA VIV OBERBEITKR L DERN
YRDES 33 105  3.20 6.87 2.74 (159) LTk D . HHEEEASR
YRDE9 33 10.3  3.30 7.68 3.02 (175) ) ettt
YRDE10 33 104  3.30 6.94 295 (71~ WBEMLTY »IRERDEE
RIFY 1001 22 10.8  3.50 5.50 132 (77) N BSVIARBEORHFK
RIFY 1026 28 10.6  3.50 5.47 0.76  (44) ISRNE DEML XN T &A1)

a) RIFY 1218: L-Malate-productive strain.

RIFY 1026: L-Malate-decomposing strains.
b) Ethanol content.

YRDE1-10: respiratory-
deficient mutants of RIFY 1218. RIFY 1001 (control strain) and
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Fig. 1. Influence of fermentation temperature on L-Malate production

and decomposition.
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MBERIZDW T, 10~30 CICB I REBRENDELE
ZH1z (Fig.l) . BEEAZERKD S B4H#% (YRDE-5.
6. 8. 9) 220, 25C TV EMAEENETH V.. 1HK

RIFY1218;
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-40
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Fig. 2.

Influence of initial pH of grape juice on
L-malate production and decomposition.
Productive yeast strains: RIFY 1218,
YRDES, YRDE10. Docomposing yeast
strains: RIFY 1001, RIFY 1026.

(YRDE-10) M10~20CTXDBEERTHH /-,
HHERIFY 121813, 10BKUNI5C T O EEEN T
Hol. LML, 30CIZBNTERESHDREEN S
WL ENSOT7 I a—)VERIZKIE% TIEE -7 (FE
BT —FIIRLTWARN) , ZORBEHERIT. B
BRRIFY 1218IZBNTHREL TH Y. FKEK/KOHEH
BEZEG)IERT S EEZ SN UL DI,
U OBAEERIIBBEEICEEIND L, &<
WCREOLRRE (25CHHR) 2EET 2HLEMNR
I, —H. U OEMREK (RIFY 1026) B&
UxtfEk (RIFY 1001) 13, REFHEE20°CUTO&H
NEEMETH-> T, 30COBELVK2EDY > T8
SRMEER L. ZOEDIT, SHBERICBVNTS,
ZOFEMHIIRBFREICHEBINTH Y, BREHEOL
EENBD SN,

YR pHRE T3, pH3.0~4.00HHERFIL TH
D, U OEEENTRKKE Bk SEERB X
VB D5 Bk E AL 2 (Fig2) . U T84 E
tE#k (YRDE-8,10,RIFY 1218) &, ®ipHflIIZHWNT
) OBEESENERo k. —FA. U IBHRYE
B RIFY 1026)3B X KB (RIFY 1001) i3, {&pH
BT IEPBENEWERITH > 7z, T/
b, $EA LA EEKIR. SpHIZBWTY VI8
EAEENERD. —H. SMEKRIL EpHIZBWT
) OiEE RN LR ERUZ. TS HEE
HoMEIR. TRURH (b3S OREABICHF

L-Malic acid (g/L)

VA VBN O IBEEES XU RN

—@— RIFY 1001(control)
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[ —¢— MNB5
. _p - YRDES
—{3— YRDES
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—¢— IBl4-1
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Fig. 3. Changes in L-malate content of Koshu musts

during fermentation with selected strains and
respiratory-deficient mutants. Productive yeast
strains: RIFY 1218, YRDE5, YRDES8, MNB-5.
Decomposing yeasts strains: RIFY1001 (control),
RIFY 1026, IB14-1.

LD, U ITBOER MR T 2pHOR &
3. BRERBIUCERICEKVRRS ZENHEQT)
INTHY., SEOERENS H. BHABRMITHIE
LE-BRRRNEEEEZ SNz,

6. U IMEENBKBIUIBEHRICKD/NMRER
BREE

INFB A BRERE 131996 FE B X TN1997THITFE M L /=,
RERD) > IRBEDOELEFig.3IZRT (19964
ERREE) . V> IMEEEERKDOYRDE-5B X
U'YRDE-813. HEFFRIEHIC) > TEMAERINT
BD., BELKTEHIIBLTI~2gLIFEHE ML, V)
COBEENDT 1 EERRIFY 12188 X UBFA B
BMNB-5i2. REHIC) O JRBEMIETL, @
BICFDBEERERLENREBEFEICERHLZ. I
528D > IBBER. YIREEXDO0.1~0.3g/L
oMz ikE-> =, U OB SMEKROY 1 CBER
RIFY 10268 &K OB A BERIIB14-1. 72 5 LI B D T
4 EEFRIFY 100113, FEEERFRT & $012 ) > TEEANH
BINBOLE. ZhE3KkOBE, U IRREMN
0.8~1.6g/LIZEEKT L7,

REARBIUVURBRBEV IO ERZ
Table 612779 . REAKIIDOWT, VU > IBRAEEN
BERIFY 12188 KU EHRIFY 10014925 H T &
o, LU, VU OBAEEEREIKANK408T
B0, =, VU O OBPHEIE2HN36~40H & &FFfH
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Table 6. Analysis of white wines produced by selected strains and respiratory-

deficient mutants.

R & - MEE - HER

THY, EREMITIIER

BRICHIS U7 RE S

FTb Alc RS pH TA VA LMA (%) CA SA AA
Strains ® (days) (%) (g/L) (g/L) HDREITEK D, REEE
:;9§—;K08hu wme:> t 213.0 320 7.17 nt 269 (100) 0.21 002 0.02 ENTREER SN
uice nt® n . . . n . . . . ) e
(1) RIFY1218 25 11.0 11.0 3.00 950 048 3.05 (113) 0.26 1.22 004 CHEOU > IERR
(2) YRDE5 38 110 17.6 291 12.16 0.42 4.63 (174) 0.32 160 0.05 REElzOWNT. !> TEA
(3) YRDES 38 11.1 15.1 2.90 10.89 0.42 3.69 (137) 0.34 1.28 0.07 N
(4) MNB-5 50 90 447 2.88 871 060 2.84 (106) 0.27 055 025 PRSI TR
() RIFY1001 23 124 1.6 298 7.06 052 192 (71) 0.21 055 022 AEHZTREIEKIL. 7
(6) RIFY1026 36 123 42 3.07 6.83 090 L11 (41) 027 058 062 gpumre -4 N
(7) IB14-1 37 117 110 3.08 702 054 149 (55 027 078 017 JLIRBICH L T106
1997—Koshu wines 174%DEIMTH > 7~
Juice) nt nt  208.0 2.12 2.25 nt 3.36 Emo; nt o.gg Onotz EITEREIEDY o
(®) RIFY1218 25 11.6 9.0 3.00 872 0.30 265 (112) nt 1. . e o
(9) YRDES 40 104 308 2.95 1091 0.30 3.35 (142) nt 106 003 —BEIREL. FIFEREIC
(10) YRDE10 40 105 27.2 2.90 11.63 0.30 3.69 (156) nt 1.61 0.04 XL T137~174%T &
(11) RIFY1001 25 122 19 3.10 6.36 057 154 (65) nt 0.54 0.18 .
(12) RIFY1026 40 121 32 320 628 0.86 0.92 (39 nt 058 060 ©/NABOHER (Table
ARV B AP A
Tph o Color(OD) AcH EA THA A/B 2Ph iAA FE Wine quality 9 5_) ey ERENED
(mg/L) 430 nm (mg/L) (mg/L) rEINT . BB
1996 MNB-5ZfEW=Y > O
1) 390 0.043 9 30 470 65 328 29 4.1 12.6 , e
(2 425  0.045 9 21 408 34 224 1.8 22 13.2 B PEPEIRA PR OAERE IS
() 380  0.043 5 22 528 20 182 36 22 14.1 MRBE L D23~
4 370  0.050 8 10 190 62 92 15 22 12.7 . }
() 350  0.038 2 32 307 61 44 50 3.4 14.0 5.4g/LIZ EHMUL Tz, ©
(6) 345 0.043 5 58 323 53 62 43 1.7 13.0 DX D73 KBE DI .
D 199395 0053 25 20 217 105 127 1.2 3.8 11.8 B
(8) 420 0.042 3 23 421 39 314 34 28 12.5 NI BEDOEERICER
10y 410 0048 26 21 667 0 s 1s 25 144 YR —H Zhi0V
(11) 420  0.042 4 30 389 42 83 3.3 34 14.0 OB EEMER OB
(12) 410 0050 10 57 425 35 44 50 1.0 12.9 EE130.02~0.07g/L T

a) L-Malate-productive strains: RIFY 1218, YRDE5, YRDES, YRDE 10, and MNB-
L-malate-decomposing strains: RIFY 1001 (control), RIFY 1026, and IB14-1.
b) FT: fermentation time; Alc: ethanol content; RS: reducing sugar; TA: total acid

(as tartaric acid); VA: volatile acid (as acetic acid); L-MA: L-malic acid; CA: citric

5.

acid; SA: succinic acid; AA: acetic acid.

c)

Tph: total phenol; AcH: acetaldehyde; EA: ethyl acetate; THA: total higher
alcohol (n-propanol + i-butanol + i-amyl alcohol); A/B: i-amyl alcohol / i-butanol;

HO, FEHKORE
(0.18. 0.22g/L) &£ v
Kho 7. Btk (RIFY
1218) DEEEHRME®6) T
HOHEEARERDHE

2Ph: 2-phenylethyl alcohol; iAA: i-amyl acetate; FE: ethyl ester of fatty acid
(ethyl caproate + ethyl caprylate + ethyl caprate).
d) Sensory evaluation, using a 20-point quality scale.

e) nt: Not tested.

EELRE, 7IVI=IVERIZDNWT, BB LS
FRMEMRRIFY 102613, RIAHEDIZ12% LA L& AR L
2o UL, hoftidsk 0EREIX. MEBHEKLDO0.5

~3%IFEBNETH > 7=, U > TR EFEMEET BRIk,

REGHEINEEBTHO., £, 7N A=IBEERT
Ho T, THIIEREERIBTH D Z LAY, REEREIC
HEBLEEEA . SEOHE. ARG 1 > 2
Tt5— (RiR15~20C) T—HRICRBIE-HEE

MU TR EREN &4t
WINSDOERKIZS
nWTHRH SN,

U > JEESfEM2H (RIFY 1026, IB14-1) DY >
JREBEIL. YIRBEDII~G%IETLTRY,
FHRLUESBENRINSZ, TOHRTUA CBER
RIFY 102613, U > T MBEB X UREBREICENT
W, LAL., REROKRBEIVRRE SFRE
THO., ) ITBOBNITHE L - BEENRE Nish
oz FEIIEFENHLBRNICEERTHZZEHED
T. TS HEEBEEROHBENVHEEEZ /-,
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FHERD D HT#ERIZF U < Table 617U, U
O IBREEMKRIFY 1218BXUNFDERKIN%DE
B7NaA=)NBXV2- 7z RXFINT I a—)Lid.
HEHBR LU TEERTH o, ELIZ2- T RXFIT
VA=)l 182~328mg/LE BREIZAREINTS
0. FEKRBHROFENREEOG)NBD SN/,

RBEETA COERIHMEICOVWT., TOHE2
Table 61Z/RY . BABRIB14-1%2 R B THRIZ.
2R LD RFRFMEFZ. ZOHRTY > IR EE
HE R OYRDESB L Tr1013. 71 »EBERRIFY
1001 GHEHK) ERZFOBRWEHETH - -,

UEnkSiz, 3L O TBOEEEERES
Bz S Nz MERIZ. 2 s BN RERERE 12
BOWTHEBIRBEAINTED., £, FOTAL DS
BB THo 2. 2H 5 0O@RkB L UOBFEIT.
TRURH (bAH) OBERGTOLZDICFIATES
FHRBgERDSNE,

I
TACREPICBITIDTRIRT (bAH) OEEE
ABEZEHNELT. 71 UEEBRUBERS (VT
b S cerevisiae) DHFMNS. ) O IBAEEBLN
) OB REICEN-EROBREERZITo 2.

1.741 B I106B LIV FAEBER4T708 24t L T,

TR ERAWNREEERR (5. 15mLAY —)b)
2TV, TOHRNSEEERTH - Z1548KB LN
BRIKAERR TH o 1226E K EZBIRL 2. 2 51808
DV IREEEESBUEEZRBRULER. VOO
APEMRRIZ25ERIZIEE D, RO D1558k (86%48
W) WY IBHEETH o,

2.V OB EEMSKRB XU fEMte k2 RINL T R
BEABR (200mLAR7 —)b) ZE{To-#5R. £ENEK
DY) > ITEEREN0.35~0.61gLTHD. £/,
RMERDY > TBRBDEMN1.44~2.69g/LTH o7z,

EIEEOAEE2R (U1 BFRIRIFY 1218, HAE

£ MNB-5) B X U@ (7 1 >~ B RRIFY 1026.

FFAERRIB14-1) I2DWT, REICBT 2XBEAR
(EHEREE2ER) OMREZHRARL . TORRICK
D7 IA—)RERREI NN U TBOEENS
HBNIDBENOHENRR SNz 7z,

3.V IBEEMROKBEBMNEL T, 71 VER3
BROIFTULTOI RAEZITV, MKEREER

TACEERDY) CIBEEES KU R

BEBR LIz, 71 O BEBRIFY 1218HKDRRER
BR10BKIZ. V) > T8 %0.47~1.55 g/LERLTHD,
Bk (ERRR 0.44g/L) TR LTY > JEE MM
wRIN=,

4.) O OBEEMK (RIFY 1218, TOERK) BX
U EMEBRRIFY 1026 DEEIT. REHRE 25 N R
HpHICEEIN-, RBRER. ERABEKIIHEL
THIBET2HLERENRONZ. RHOEpHIZEEH
WOEMEZE, £k, BHOKpHIZ SREROEN 2
BOBMEATH . Bt (bAH) OBEEFBITHL
THABERNIREI N,

5B I N D ORAEEMSKRB L) > TBED R
M2tk 2R WT. MRERRBIEEZERL . BB
BIIBWT EEMHERRIKRB LU %O %E
BEDIRREINTBD, £ B5nT1 2 0E
BRI THo 2. LLEDEERN S, Ths 0
REFBIN-BEEERIT. RBRT (b3%) OEE
REICAR LR SN,

SROBEE LT SEHOBREBERN T 1 B
RIFY 1001 CxfR#R) ICHL8& L T, VIV a— )V REERE
IHBEMTH D, TOFERITEL TR BT Ry
PEEBERICOHCL - REER (BE. RS &
BET52LTH%,
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