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Characteristics of gaeryangmerou wine deacidified by
a malic acid-degrading yeast
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Myung-Kon Kim', Heui-Dong Park’, and Han-Seok Choi*
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'Department of Food Science and Technology, Chonbuk National University
ZSchool of Food Science and Biotechnology, Kyungpook National University

Abstract The effect of malic acid-degrading yeast on the quality of Gaeryangmerou (Vitis spp.) wine obtained from
grapes commonly used for making wine in Korea was investigated. Alcoholic fermentation was carried out at 25°C, for
14 days. A malic acid-degrading yeast was used as the experimental sample and a commercial yeast, Fermivin, was used
as a control. The fermentation process for the experimental yeast lasted 2-3 days longer than that of Fermivin. The pH
and the volatile acid content of the wine were 3.94 and 244.20 mg/L, respectively. The total acid content was 0.86% for
the experimental group and 0.94% for the control group. The contents of malic acid and succinic acid in the experimental
group were significantly lower than that of the control group (245.61, 50.18 mg% for experimental group versus 302.44,
68.39 mg% for control group, respectively). In contrast, lactic acid content was slightly higher in the experimental group.
As expected, the main volatile flavor compounds of Gaeryangmerou wine varied with the yeast used for fermentation and
were determined to be isoamyl alcohol, B-phenethyl alcohol, 2-methyl-1-propanol, and diacetyl for the experimental wine.
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pH+= pH meter (Orion 3 star, Thermo Fisher Scientific Inc.,
Waltham, MA, USA)E °]&sle] 43I, B4 e A&
10mLE 0.IN F4Fs}FNaOH) £ 02 pH 8.27k4 A7
o2, T4 4k(tartaric acid)?] Y22 FHAbsle] A&
oog HEY 5%

A& g 15°ClA AAE AR 100mL] FF4 50 mL
= SR SFAE 70mL WX FHFE 100mL A
SSls 15°Col A F2 Al(Scale: 0-10; 10-20, Deakwang Inc.,
Seoul, Korea)& ©|-&-3t] =43 TH15).
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FEF 4L HPLC(e-2695, Waters Co., Milford, MA, USA)
£ o]8392H post column WHOE FAEAL FEE 24
4 A& (column)y> Supelco sil LC-NH2 (4.6 mmx250.0 mm)Z &
A5 T) ©1F A2 80% oM Erto| Ed (acetonitrile, Mallinckrodt
Baker Inc., Phillipsburg, NJ, USA)S ©]-&3}33, F&(flow rate)
1 mL/min, 2% 2 E(column oven) 25°C, &Y (injection vol-
ume) 10 plL=E AA3F] RI 7Z7](detector, 2414, Waters Co.)
2 AE AlEE 4°ColA 12,000xg, 15%-7F AR (CR
22G Hitachi Koki Co., Tokyo, Japan)ste] &S 3|43 T}
AE5%°1(0.2 um, Millipore Co., Cork, Ireland)Z I3} Fol A}
|33t

712k B4 HPLC (LC-20A, Shimadzu Co., Kyoto, Japan)

©]-8-319 2™ post columnPHP O E EAFGATE F714F 4
columne TSKgel ODS-100V (4.6 mmx250.0 mm)=2 #2131
ol &2 0.1% <14H(phosphoric acid, Sigma Chemical Co.,
Louis, MO, USA)°|™, 02mM bromothymol blue (Sigma
Chemical Co.)¢} 30 mM Na,HPO, (Sigma Chemical Co.)Z RHg-
Azl & UV 440 nmollA] AE3H T F-4(Flow rate) ©]57d
0.5 mL/min, ¥F3-8 1 mL/min®]™, column oven?] &%+ 40°C
2 3tk AlEE 4°ColA 12,000xg, 1547+ Y4172l (CR 22G
Hitachi Koki Co.)dt] “dZ5ols 348 tha 71550102 um,
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2] AE10x2.5cm)oll GAIgH X (resin, Amberlite XAD-2,
Supelco, Bellefonte, PA, USA)S methanol (Junsei Chemical Co.,
Tokyo, Japan)oll HEAA FX18F ths, WEhE(methanol)o] A2
429 AN S7F5 300mLE 7hsle] SFYEAIZTE Al 20
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ol&of|e| 2 (diethyl ether, Sigma Chemical Co.) 70 mLZ &ZA]#
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Table 1. Analytical condition of GC/MS for volatile flavor
components

Items Operating conditions
Model GC/MS (Shimadzu Q-2010, Japan)
Column DB-wax capillary column

(30 m x 0.25 mm, 0.25 pm film thickness)

Column temp.  40°C (5 min) - 2°C (1 min) - 230°C (25 min)

Injector temp. 250°C

Interface temp.  250°C

Carrier gas He(flow rate: 1.0 mL/min)
Scan range m/z 30-400

Split ratio 20:1

Bt FF QA= T, SHEE
ATH16).

ttestZ 72438 A5t

pH, 7184 TEE, UM 43S 5’4 &

i ARE BEAT) R FF o]8EE 42 Table 2
9} 7t} pHE 3.942 Hu|Wl(fermivin) 3.799] Hl3] {8 o=
0.15 F7Fet=d], o= ole] A7l 4 Al A= g &
st Aoz mEA T 4 ATk Acetic acidZ ¢
e 3t S-S 24420 mg/LZ fermivin 113.67 mg/Loll B3|
oF 2,154 F7FelA o Abge] AFHoR FEE] ol F

Table 2. pH, titratable acidity, soluble solid content, volatile
acids, and alcohol content of Gaeryangmerou wine treated with
acid degrading yeast

Items Fermivin Pichia kudriavzevii
pH 3.79£0.04" 3.94+0.08*
Titratable acidity (%) 0.94+0.01* 0.86+0.01°
Soluble solid content (°Bx) 8.70+0.20 8.47+0.25
Volatile acid (mg/L) 113.67+£6.50° 244.20+9.63*
Alcohol contents (%) 12.07+0.12 11.93£0.12

"Values are mean+SE. Values are mean of triplicates.
Means with the different superscripts in a row are significantly
different (p<0.05).

Table 3. Contents of free sugar of Gaeryangmerou wine with different yeasts during alcohol fermentation
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Fig. 1. Titratable acidities of Gaeryangmerou wine treated with
acid degrading yeast during alcohol fermentation.

Folm, AAeFe] FaAke ol IR A IHAe=
2-g ¢ vk 7R AP EH g S T 47 84T°Bx,
11.93%=. fermivin®t 21291 Xpol7} vFehbA] e3sket. 229
A gt AAARo 7 whgsle] 4HLS XS AL Fols)
I, GRSl HESRIF Hs=d FEoR 4‘5}”‘5} N
A RS 0.96%01™, oRILE F F4b k] wish

£ Fig. 19142} 72o] fermivine 24 2°‘5<H 1.09%712] F2 3}
A F7FERA, SE7F RE e wet Hadte] dE 1593 30
A Z}ZE 0.94, 0.92%Z e 74 a5 % g 27 fer-
mivinell H|&] &RtelA ibo] Frtete] WE 1597 309A ZHzt

H

d

lo, iR
P
N
°¥

0.86, 0.81%= Zasioith. Ak an= 03 I fermivin©l] ]3]
A ko] 0.08-0.11% ke 2 & AUTh
Rale B

48 BRI aRE AxF NPT B8 F e
T FF WskE Table 391 UYERHATH MR F8 T
2 glucosest fructoseo|™], FHdo] Sl w} o] 7t
e Aoz A A7), Fermivin® 2& 295 2gA ol

E=H(glucose)t ZHF(fructose)e] FHaFo] 7HAslr] AlFsted 59U
A 2zt 2432, 493 mg%E UEFsEe | F2] A E(glycerol) S
120.74 mg%2 Z7Fste] wite] AgS wrh it a5 @
& 3YA glucose®} fructose®] o] FAadl7] AlFete] wE 7
A 23.11, 0.99 mg%= fermivinol] Wl °F 2-3% =z2|A| %]
Ack ols wE T UL FF wsiel visA vl

(Unit: mg/100 mL)

Fermentation period (day)
Free sugars
1 2 3 5 7 14

Glycerol 263603372 79.83+0.18¢  107.3243.30°  120.74+0.56"  132.75+2.19"  121.30+0.10°
Xylose 1.870.10° 2774010 2.53+0.14° 3.2140.00" 2.60+0.40" 2.81+0.01°
Fermivin Fructose 999.54+10.20"  714.69+1.41°  267.1948.29° 4.93+0.00° 8.70+0.074 0.98+0.01
Glucose 938.47+1.48"  460.15+2.38"  85.48+3.07° 24.3240.01° 18.07+0.19° 234442 74¢
Maltose 14.10£0.13° 16.94£0.11°  18.37+1.04 19.180.04° 19.61£0.01° 19.20£0.05
Glycerol 5.58+2.89° 11.94£0.13°  49.64£0.14°  121.66:028"  120.86+0.67°  131.53£0.02°
o Xylose 0.89+0.03¢ 1.080.08¢ 0.86+0.05° 3.10£0.04° 2.89+0.17% 2.60+0.07*

, P ;?h"’ ) Fructose  1041.92+44.42°  10342342.46°  893.0142.50°  201.91+0.12° 0.99+0.05° ND?
Glucose 1029.19£12.22¢  1005.71+1.95°  721.90+3.29° 39.07+0.57¢ 23.1140.02¢ 15.81£0.06'
Maltose 14.02+£0.36¢ 15.40£0.06°  10.91+6.89" 19.71£0.04° 19.51£0.07% 19.63+0.04%

YValues are mean+S.E. Values are mean of triplicates.

Means with the different superscripts in a row are significantly different (p<0.05).

INot detected
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Fig. 2. Alcohol content of Gaeryangmerou wine treated with acid
degrading yeast during alcohol fermentation.

Table 4. Contents of organic acid of Gaeryangmerou wine
treated with acid degrading yeast (Unit: mg/100 mL)

Fermivin Pichia kudriavzevii
Tartaric 173.72+5.23Y 170.44+6.24
Malic 302.44+4.33 245.61+2.28%#*
Lactic 120.27+4.63 152.7245.18**
Acetic 20.35+2.24 20.83+2.52
Citric 7.10+0.18 4.96+2.81
Succinic 68.39+1.75 50.1040.58%**
Total 692.27 644.66

"Values are meantSE. Values are mean of triplicates.
*p<0.05, **p<0.01, ***p<0.001.

fermivin® & 3YA 6.8%, 794 12.1%7} ABAE o] &
(e}

A3} 7o) z¥z} 2.6, 9.8%°1™, 1445 11.93%= war}
Aot e Sd2e g5 HElE yEde o A &
oMol WHaE M 48 axo) ws) of 3.7 o
S ZA AAse= Ao Bas)

g garel I an e AR fEFHFEF {5 &
Table 49 e 74F a2 2§ Al malic acid &
245.61 mg%= fermivin 302.44 mg%ol H|&] 19% Z+A23FA
Lactic acid $&-S 152.72 mg%= fermivin 120.27 mg%o°l 1]
A Z718F3ARE, malic acid®} lactic acide] 73w 2 EAS 12
Hall g wf(18) AWl 9fle] Alnto] Atsld Aoz IAete
o} A 414 K(succinic acid) 2 50.10 mg%=E  fermivin 68.39
mg%oll B3l froH o R s Thp<0.001). Aol 23l 2§
of oJal AaPde] At JNEH T F8 /7141 tartaric acid
= FYAQL 2ok YERA] ol 2 FS A7) S5l
e ekl 98] calcium tartrateS FAJ AL A2olA F
MHA S2] vhgo] Fask Zlog Helth Acetic, citric acid
g2 gk FEOE e

of oft

o oo o

fl

Fled grdE

e gret Ik anE AR JNPHEF] JA A
& B4 AFHE Table 5 YERAITH A SR =
H|S8E o2 SRIFEQA, A ERE WE A] fermivino]l H]
3 FAA A P7IPE ol 1954 TAagk As o ¢ 2
Aot F2 FIAHEL olo] ol UH S(isoamyl alcohol), 2-

phenylethyl alcohol, 2-methyl-1-propanol, ethyl lactate 522 %

Table 5. Volatile flavor compounds in Gaeryangmerou wine

treated with acid degrading yeast (Unit: mg/L)
RT (min) Compound Fermivin kucf’:fliiz}\l)lzaevii
2.81 Diacetyl 40.75 2.94
3.39 n-Decane 15.67 4.90
4.17 Trichloromethane 0.12 1.62
480 2-Butanol 1.27 0.73
5.52  n-Propanol 1.90 2.67
728 2-Methyl-1-propanol 44.03 27.61
9.41 n-Butanol 2.25 1.76
12.63 Iso-amyl-alcohol 22428 109.78
19.98 Ethyl lactate 9.86 10.18
20.52 n-Hexanol 0.29 0.29
26.35 Acetic acid 0.58 0.50
29.76 Ethyl 3-hydroxybutanoate NDV ND
31.52 2,3-Butanediol 0.70 0.79
34.99 -Butyrolactone ND 0.23
35.90 n-Butyric acid 0.41 0.43
45.18 Ethylphenyl acetate 5.56 3.04
46.85 n-Hexanoic acid 1.13 1.18
48.01 Benzyl alcohol 0.68 0.56
49.53 2-Phenylethyl alcohol 75.78 43.67
56.70 n-Octanoic acid 1.24 1.29
62.86 Methyl palmitate 114 1.20
65.74 2,6-Dimethyl phenol ND 0.38
66.75 3,5-Di-tert-butyl-palmitate ND ND
70.44 Ethyl hydrogen succinate 5.17 4.09
70.45 Butyl palmitate ND ND
72.18 2,3-Dihydrobenzofuran 0.56 trace
73.73 Unknown 241 trace
76.28 Methyl linoleate 1.10 1.20
81.47 Myristic acid ND ND
87.15 Palmitic acid 0.88 trace
89.02 Tyrosol 3.88 3.18
92.49 Linoleic acid 7.94 6.90

UNot detected

A=At Ethyl lactate= EF3 LT T A9TFS
™, fermivine} H|S2gF ShgolA|NE HA| &2 2,019 St
th &719] Z3 33kl 7ledste] &9 Bhe Aske 94
o2 AUAA Heo| SRSt &l Fuist F wHEFS
o] 9l Ef9 HAAFE AT + U= vho|oMA e (diacetyl)
fermivin®] H]3] 13.858] 743} TE n-Decane, 2-methyl-1-pro-
panol S 247k 320, 1.608] ZAsllo, k% WAIE e
E740o] 3= isoamyl alcohol T2 2.04u) A3ttt 2R1€]
g7l xR 2gehes FLFH £FS W ethylphenyl
acetate®} 2-phenylethyl alcohol> Z}z} 1.83, 1.749)] 7+A38}SiTh
(19).
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ZHsZA

At B3 aRE waagl AR A FEE 3t
& AFe Table 6914 B wle} Fro] 40008 ThET 55000
Hlg o802 Alnto] 7HAElon, 9l FA4F 9 Al
ghego] 7hawlo] ANAQ) Algto] A7HE Ao o) A

3% ZAKTable 7)= 2kQle] A 6.00, 3F 4.80, Bt 4.80, @+ J7F



A el el o] gk A e 2] 2t 54 609

Table 6. Sensory characteristics of Gaeryangmerou wine treated
with acid degrading yeast

Sensory properties
Acidi Fermivin Pichia kudriavzevii t-value
cidi
v 5.50+0.71" 4.00+0.94 4.025%*

"Values are mean+SE. Values are mean of triplicates.
*p<0.01

Table 7. Preference survey on Gaeryangmerou wine treated with
acid degrading yeast

Preference properties Fermivin P.zchla " t-value
udriavzevii

Color 5.60+0.84" 6.00+0.67 -1.177

Aroma (bouquet) 4.90+0.57 4.80+1.40 0.210

Flavor 3.90+1.10 4.80+1.40 -1.599

Balance 3.60+1.35 4.20+0.63 -1.273

Overall preference 4.30+1.16 5.10£1.37 -1.409

YValues are mean+SE. Values are mean of triplicates.

420, WA 715% 51022 fermivinoll ¥]&] tiF-E =& A
FE WAtk AT A ol ]Z Al dur o g AMEEE
48 ZR(fermivin)2} HISSSIAY OIF-E 2 H4E woon,
Pichia kudriavzeviis 283l Aldto] Xi?;k@]-?l NEFHEF A%
7} Ve Aoz ddE)
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2 AFddre Algte] Ak siEH RS9 e 2drE i
< Sl3l ARt R2E mRe ogk At 9 FAEAS ol

SITh Ay EX(Pichia kudriavzevinZ A3 7| FEe
Ig 5 e &% Wste 2R 394 glucose$t fructose®]
o] 7+A4s] AlFsle] 2d 7dR 247 23.11, 0.99 mg%Ol™,
& TS 9.8%= fermivindl] I3 oF 23U WEr} =)
1S5 = 2102 Uepsdth. pHeF 32ah ke 787t 3.94, 24420
mg/LZ fermivin 3.79, 113.67 mg/Lol|l Hlal ooz F7181%
ot 7FANEE 9 YIS 2 847°Bx, 11.93%= fermivin
8.70°Bx, 12.07%%} Hls=gt £FEo 2 Yelgon, F4b §eke
0.86%Z 0.08% ZAAFATE {714t TS malic acid®} succinic
acid o] zFz} 24561, 50.18 mg%E fermivin 30244, 68.39
mg%el B8l el oz AL, lactic acid 32 ThA 5
7valdeh. M F50] F8 A 3714 E2 isoamyl alcohol,
-phenethyl alcohol, 2-methyl-1-propanol, diacetyl 522 1=
3, 7 gng dg A o WAlE Ye 540l & isoamyl
alcohol = A7 Q1 Sk} & Bl diacetyl gheko] 7hA
At} 4AlEke] AeE HrRE 23 40022 fermivin 5.5000 H]
3 fojFes ”—8— @#3 wolom Maw ZAR= A 6.00, 3
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