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Abstract In order to investigate the effect of different yeasts (La Parisienne (LP), Y18-2, Y54-3, Y90-2, Y90-9 and
Y272-7) from nuruks on the quality of Glutinous rice wines, physicochemical properties and volatile flavor components
were evaluated. Glutinous rice wines prepared with different yeasts were analyzed for ethanol, pH, total acid, amino acid,
soluble solid, coloring degree, UV absorbance, reducing sugar, organic acid, free sugar and volatile compounds. After
fermentation for 17 days, the ethanol contents ranged from 13.40 to 14.50%, while the total acid levels were from 0.33
to 0.44%. The amino acid contents in six samples ranged from 0.13 to 0.18%, while soluble solid contents ranged from
12.1 to 14.7°Bx. The glutinous rice wine prepared with LP showed the highest level of coloring degree, soluble solid and
reducing sugar among six samples. Organic acid contents of the glutinous rice wine prepared with LP had the highest
levels of lactic acid and acetic acid, while the glutinous rice wine prepared with Y90-9 had the highest level of succinic
acid. In all glutinous rice wines tested, the most abundant free sugars were glucose followed by maltose. Volatile flavor
components in the glutinous rice wines were identified by using GC-MSD. Nineteen esters, ten alcohols, eight acids, one
aldehyde and one miscellaneous compound were identified in the glutinous rice wines. Using relative peak area, it was
found that other than ethyl alcohol, hexadecanoic acid ethyl ester was the major component, predominantly found in the
range of 2.73-10.41%. Phenylethyl alcohol, isoamyl alcohol, ethyl oleate, ethyl linoleate and tetradecanoic acid ethyl ester
were some of the major volatile components present through the fermentation, respectively. Overall, it was shown that
different yeast strains from nuruks greatly affected chemical and volatile characteristics of the glutinous rice wines.
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Z AlsHEY. 48 3= B4 A e AAY 0% AEE A
A sli= ZE©] amylopectin 95% ©]J o2 o]Fojx o] A=}
zlolE Holal A H3 Shin?t Rhoe(21)e] Harol| ofstd F
AT #2 TS UEEE 98 S ol&stal EREHF
£ gEgh dEFe g R dTE VIS WEE o
{3 HgF A7 vuEsE A QFHE Hio|th
WA B A s RN B d2EF 7714, @1
AEol 958 HApaEs JES YEE o= dEF AR A
starter= F7}ste] o]s}ed] S g F713R-S Blwsl
B
o

g}

- L
M2 e ZRAA 7Ideke 3 gETe |, §714 5o
Aud HEIE T ANE PR 599 AlE A §
ozt A FHo EEs A3k A% 7I2AEE AT
3 BAo g aE o)

Nz W
=

W8 A2 x|kt A (Shinlimnonghyup, Wonju, Gangwon-
do, Korea), Wol= A7|E7FF 2EE  100%(Buannonghyup,
Sangseo, Buan, Jeollabuk-do, Korea), 52 ZI53F2KSP 300,
Jinju, Korea)s AME-8IATE S5& AFoA FH3 TRl &
Ze A% 5 AR (22)9] Saccharomyces cerevisiae SN &
& g3 g YA eo]l $-43 Y18-2(Andong, Korea), Y 54-
3(Cheongju, Korea), Y90-2(Hapcheon, Korea), Y272-7(Boryeong,
Korea)?} 714k A/d%50] 43 Y90-9(Hapcheon, Korea)& Al
|39 A|FER LP(La Parisienne, Saccharomyces cerevisiae,
DB ingredients, UK)E &S 2 ARE-3}3ATh

Y UsF M=

AA %2 2%2 FRER 0.01%, T2 :F=(SP 300):5=1:02
1L4AE 20°CoA 197F widslar 2 SR A TS e
suf B2 A7 wk 3 2HE) SP 300):E=1:04:11272 AAF
o] 66%= WeES dted 15°ColA 4U7t Hash & Ao
718=1:0.037:0.029%2 AA %] 32%% B&S o] 15°CNA 17
A7F wEate] A BaFE Az

AdFE e AR E 045 pm syringe filter(Xpertek, Rivonia,
Republic of South Africa)Z 333} GC(Hewlett Packard
6890N, Palo Alto, CA, USA)Z £43}t}. Columne DB-
ALC2(30 m lengthx0.53 mm Ldx2 um film thickness: J&W Sci-
entific, Folsom, CA, USA)E AF&-3}913L Oven 70°C isothermal,
Inlet 200°C, Detector FID 250°C ZLZ]3l carrier gasZ helium=
ARgsl o BFEEE F59 peak areaZHE XFIAS 24
st 7Ztzte] dAErES =S

TPE FFE hand refractometer(ATAGO Pocket PAL-I,
Tokyo, Japan)Z =73} BxE 3# A3 pHE pH meter
(Orion Model EA 940, Boston, MA, USA)E ©]&-3} =231t}

F2He AlE 10 mLoll phenolphthalein A A 9F 2-3--2 713}
AT FEAFAZAFOR HAS 01N NaOH §902 s
S YeRd w79 dF mLE succinic acid® YERARIIL o}
S AlE 10mL2S F3 phenolphthalein XJA]SF 2-3W-&-2
ZFslet &, $4 formalin € SmLE 7] fE]H o}
S BF FEeAZFoR ®AE 00N NaOH 9o
2 292488 vekd 7] AR mLFE glycinee 2 WERY

ATH23).

A= AEE 430mmolN FFEE 543, S35/
FA(mm)x10°] &J3l, ALF-Fre A8E 258 345t 280
el FFEE S, F8=/49] F7(mm)x 10x 3] 4 Hl
o o5 AFEsiRow(24) $UF2 Dinitrosalicylic acid Method
o we} UV/VIS spectrophotometer(Diod-Array) HP 8453(Hewlett
Packard, USAYS ©]-&3l 550 nmollA] &35S =243l §&
2% glucose(Sigma, St. Louis, MO, USA)E TE=EE A 23}

A A THQ25).

/2 - 714 24

FEFE AlE I mLS 045 um syringe filter2 <343} Aminex
HPX-87C(300 mmx7.8 mm, Bio-rad, CA, USA) columng A}&-3}
G o]lFA FESEHE 0.6mL/min, column oven &% 60°C,
injection volume 10 pL, RI(Refractive Index) detectorS A}&-3}]
EASIATH26). 714 A& 1mLE 045 um syringe filter=
oJ3}35ted Aminex HPX-87H(300 mmx7.8 mm, Bio-rad, CA, USA)
columnE ARREIYI O o)At TE4% (.6 mL/min, column oven
<= 35°C, injection volume 10 mL, UV 210 nmel|Ax] #2443}t
27). 7171 HPLC(Jasco UV-975 UV/VIS detector, Tokyo, Japan)
£ A&k

sluy slae 24

wgol 20mLE 60°CE 203 <t FHA 5 402 F2F 100
um polydimethylsiloxane fiberol] X3 3}e] SPME(Solid Phase
Microextraction)s ©]-&3ke] GColl 1% 59 FY3Th 32
3}3HE £ Hewlett Packard 7890A GC/Hewlett Packard
5975C mass selective detector (MSD)(Hewlett Packard Co., Palo
Alto, CA, USA)E A}18-3l9 T} Columne  Stabilwax®-DA(30 m
lengthx0.25 mm [.dx0.25 um film thickness: Restek Corp., Belle-
fonte, USAYE AFE-3IAL oven 2%+ 50°Co|A 5E7F A%
T 200°C7HA] 3°C/min®] 52 $2A1Z 2™ Injector 250°C,
carrier gasi= heliums AFE-39 3L flow rate= 2 mL/min Z719]
Tt MSD Z712 capillary direct interface temperature 250°C,
ion source temperature 230°C, EI ionization voltage 70 eV, mass
range 45-550 am.u, Z2]3. scan rate 2.2 scan/seciT 3|9HA 315+

A=}

2 S4L retention indices(RI), mass spectra®} aroma properties
£ Hlase] gelsiiint

FS0IM E2lE E2E 0|88 FHELEF| 03N SY
FEF ANEE BF 98 F RS ARSI HE F
43

=
3t =
U1g T, pH, T4 28] 3% T MskE Fig 1390 o
B HE thed g43s -
7} 8.64£0.59%= 7HF =A BRI Y54-35 ARESE R FTL
7.88+1.58%= =A UEIESH Y90-9E o83 waFTl 523
£0.05%2 7P 9A YERa Qe $ 8UA dlfie] o]
IEFS Yepgon g 179 FIAA7A gi gasiAy
AGsHA FA == S BATHEFg 1).
pHE Q& Tad Y90-95 ARS-gH daavlo] 4.08+0.02%

A YRt UmAE BE 3743834001 55 BoH
g7|7ke] A wE Srtele A UERHIL(Fig 2) &
2 pH7F 73 =W Y9098 ARESH wEFUF Be v

IO A T
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Fig. 1. Changes in alcohol contents of glutinous rice wines
prepared with different yeast strains during fermentation time.
@, LP(La Parisienne); A, Y18-2; l, Y54-3; x, Y90-2; O, Y90-9;
L1, Y272-7.
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Fig. 2. Changes in pH of glutinous rice wines prepared with
different yeast strains during fermentation time.

026+£0.022 7} S2A eSS YI82E AMESH IaFvt
037+0.04% 7P Ekom wgr|7k Aol kel 238 Fr)s)
= AFE Bol | 1590 g &o] HIXE VET
(Fig. 3).

THE o fid Y BE £o] 1945-2127+0.06°BX A
=2 Jeh} 98-S A3 Han 5(28)2] A<}t fAksla =}
ZE AR83F Kim3} Koh(13)9] ARt =9kon whgr)7ie] 7
el wie} 7ZHAEA JERSTHFig. 4).
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Fig. 3. Changes in total acid of glutinous rice wines prepared
with different yeast strains during fermentation time.
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Fig. 4. Changes in °Bx degrees of glutinous rice wines prepared
with different yeast strains during fermentation time.

A A3z Table 1-30] YERQITE 432& FFE BE o] A
AERE 0] 83 WEF(1340+0.70)E T} A LERES

S AREE BEFTL 14.50£0.34%2 7Y =% shin S(14)°)
B33k ujoA] Bej3t aRE o83 WEgF T I IS
S YeEkd &R S-1(11.17%) 20 =74 Uelstt

pHE Y1825 AR LEF7} 4.06+:0.04Z 7 A, Y90-
95 ARESE WEFT} 43240052 7PF =4 UJEREOH Pak 5
(®)°] Bargh FpAEe] Aol fARIAL T4 AIRERE o]
|3 DRIl 044+0.02%= 7P =A JERLL WA= 0.33-
0.36+0.01%% ZAFSF 7HS Hgow olm|w=ike Y1829 Y272-

Table 1. Chemical contents of glutinous rice wines prepared with different yeast strains from nuruks

Yeast  Alcohol (%) pH Total acid”  Amino acid? “Bx ig'g‘;;‘e@)g A stg:g}g
Lp 1340:0.709 4105003 044002  0.15£0.00  147:020  032£0.70" 1382063  2428:145
Y182 1370060  406:0.04  036£001  0.13£0.00 140078  032£0.10  148+139  11.494087
Y54-3 14126019 414£001  036£002 0142000 121098  030£0.10 154060  16.84+2.08
¥90-2 13556124 4108002  035:001  0.14£0.01  128:006  028£0.02 126093  1646£133
¥90-9 1435038 4325005  035:002 0184001  125:036  025£0.02  140v0.92  13.63£0.55
Y2722 14508034 4108006 0332001  0.13:001 1285042 027002  134:048  13.69£045

Yo%, Total acid contents described as succinic acid.
2%, Amino acid contents described as glycine.

9 Absorbance at 430 nm

YAbsorbance at 280 nm

Ymg/mL

“Mean+SD of 3 replications.
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Table 2. Organic acid and free sugar contents of glutinous rice wines prepared with different yeast strains from nuruks (mg/mL)
Yeast Citric Malic Succinic Lactic Acetic Pyroglutamic Maltose Glucose

LP 0.110.00" 0.22+0.03 1.64:+0.04 2.00+0.04 1.64+0.09 0.02+0.00 4.85+0.25 26.69+2.61
Y18-2 0.124+0.01 0.23+0.03 1.91+0.26 1.66+0.03 0.94+0.15 0.01+0.00 2.58+0.27 13.21+0.76
Y54-3 0.144+0.01 0.26+0.05 1.29+0.10 1.61+£0.27 1.08+0.39 0.02+0.00 1.57+0.23 10.07+1.15
Y90-2 0.11+0.02 0.21£0.06 1.94+0.25 1.38+0.26 0.74+0.20 0.01+0.00 2.08+0.21 10.71+0.70
Y90-9 0.124+0.01 0.24+0.04 3.12+0.47 1.04+0.15 0.53+0.08 0.02+0.00 2.04+0.02 9.60+0.35
Y272-7 0.1440.01 0.23+0.04 1.94+0.16 1.55+0.14 0.61+0.19 0.02+0.00 2.10+0.08 11.17+0.33

YMeanSD of 3 replications.

7& AFEE BEFTE 0.13:001%E 7P @Al Y90-95 ALR-3
g 371 0.18£0.01%% 7P =4 JEbsth

IPE e AlRGEE o83t HEFIL 14.70+£020°BXE
7 =4 Y90-92 ARRSH WEFT) 12.504036°BXE 7P WA
e} W8-S ARE-S Han $(28)°] A% Huls =4 Jehsta
AA22)e] H7HIE F7C e TaF 5 o] P =i
Aol AR veldon dgz gias A83S bR 3t
Ae AT AS AFE ] 24 vehve ZRE WR
HeH R YJte] F5-g vir]zto] 7€t

AR} FEAA Y Ao] 9 Mo JIF=
ARgHgo] ool wet & Mol A=
=2 FEE Y9098 AMES BEF7) 025£0.022 7 WA
Ueh) 93 AIHERE o] 83 TEF YIS2E AMS &
BF7F 032401002 7 =4 Ve TH(Table 1).

AF TolA an] T HAWE Hdske WIS oAl A
It He ARSI E Y9028 ARES WEEUF 1.26+0.932
2 7P YA vERt nbe] 7Y AS ZoR GEgen
A RS Y1828 AREE TEFT} 11.49+0.87 mg/mLE 71§
A aE]a R ko] P E3E AlBERE o 8% i
BF7} 24284145 mgmLE 7PF A UEREOT So 5(29)%
Han 5(28)%] Aot Akl Uebstth.

714 F citric acide 2E &AM 0.11-0.14 mgmLE A3}
A YERSIL malic acid= 0.21-026 mg/mLE F H) J=2] e
HIOM succinic acide Y90-98 AM-$F WrEF7} 3.12+0.47 mg/
mLE 7P A4 vehg ZHute] £8 Z0 2 o4 Y543
S A3 HEFE) 1294010 mgmLE 7P FHA VEskeu
AA 714 5 2 e 7P E9ktH(Table 2). Lactic?} acetic
acids AIRERE o] &5 TgTFoA 2.00+£0.04, 1.64+0.09 mg/
mlE 7FY =4 et $4 @2 Algle] B Aom F35
] Y90-92 AFE-3F R FIF 1.04+0.15, 0.53+0.08 mg/mLE 7}
& 9A et HFEAAS e A2 F o AEIEL pyro-
glutamic acide 2 €A 0.01-0.02 mgmLE PlFAFEYS &
T AUk

el B iR L S I T A2 maltose?} glucose
7 tiEAAE, S TRFo]l 7P =W A|RERE o] gt
a7t 7P A4 YERES. maltoses Y54-3S ARSSE WEF
7} 1574023 mg/mL=Z 7S 2A, glucose= Y90-95 AHE-F
EF7F 9.60+035 mg/mLE 7P BA Uitk

sk 3

=0
&

L
pu

A

FR0AM 22|58t E2E 0|85 FUUSFo| UM SI(ME
GC9 GC-MSDE AM&-3F 3ubA 7|48 £24 A3} Alcohol

105, Ester 195, Acid 8%, Aldehyde 15, 7€} 15202 3950]
HAZ =9t Table 2).
<9 FAER] alcoholF & FHEFE EMPZA R 3] 43743
=1

& ethanol2 #|€|3lAL esterd % extremely mild, sweet, very

weak waxy odor 57 (30)2 ZM= hexadecanoic acid ethyl ester2]
WAE)go] 7P =4 UERY Shin 5(14)2] RILolA Saccharo-
myces cerevisiae S-2°} IFO 19507455 ARE-SF oFpo] 7| &
EEERSEEY

3 7R HHB]E(Peak area%)> Al WEEE ARE-SH
WG F7} alcoholF 91.87%, ester 7.88%, acid® 0.23%, alde-

hyde& 0.008%, 71E} 0.018%= YEFIL alcohol % ethanol®]
HAH)Eo] 90.56%% ¥53] =A et

Y1825 A}g-3 WE S+ alcoholF 81.99%, esteri 17.74%,
acidT 0.25%, aldehyde® 0.011%, 7]E} 0.018%Z ester-<] WA
Hlgo] =A YERHEAL alcoholi % ethanol®] HAH]E0] 79.35%
2 7P Ao FAR AR S oA leucine® ZHE AY
e v &) A WEks AU wlEe] Fhlel 58
of JFo] & AF EIE JEOE FAAEE isoamyl alcohol
o] HAH|go] 2207%= 7P EA WEREIL31) alcoholF F &
v, Q&R 23 22 HA ARl BAEM32) WE3E3), B
2, ZPEEF(34)lM = HAH)E0] E2 phenylethyl alcohol®] T
Aujgo] 7P =A el

Y5432 AFE3 HEFE alcoholi 84.24%, esteri 15.32%,
acidT 0.35%, aldehydeT 0.013%, 71€} 0.07%2 YEREI Y90-
25 AFE3 BHEFE alcoholF 89.11%, esteri 10.66%, acidF
0.22%, aldehyde™ 0.011%% Al¥t& 2o} HHH|&o] 7P FAls}
Al Vet

Y90-92 AM&-3F WEFE alcoholF 81.69%, esterd 18.17%,
acid® 0.14%, aldehyde™ 0.03%Z ester2] WZH]&o] RE 4
oA 7P =7 e acidF-e WARES o2 R4
Hla) duk 3285 Jepioy estert F 743k 3 dog wbg

=

T = ey
Z =8l SEE AFAre] aRY Ao ZgoR oA

H 23} Fo] MAEE ethyl acetate®] HWHM]Eo] 0.066%Z 7
A VEREL Y272-72 AR WEFE alcoholF 87.93%, ester
F 11.86%, acid® 0.20%, aldehyde® 0.016%= Y90-29} +-AH&H
7154 eI

1T o=

ok

S =

AR7F FE Ag T A= IS RARP] 98 A%
ZolA] EZ]g H{FER Y18-2(Andong), Y54-3(Chungju), Y90-
2(Hapchun), Y90-9(Hapchun) Y272-7(Boryung)#} Al &&= LP(La
Parisienne, Saccharomyces cerevisiae)s NZT-22 ARFTHE &
gal] WEFE Alxst] olsietd SA4F AWE FEEE
HSIATE 179 28§ JF g3s T2 BE £l A9a
£ o] &3 WEF(1340+0.70%) 0t A Yeh} ¥5d vF
BYom pHE 4.06-4.32, T4H 0.33-0.44% 02 L

]— % 5 O Lo
A o}.ull_)\]-g

ox o

o wAke Y90-92 AME-3F waFrt P =A JER
L IEE e AHaREs o83 waFsl /=4 v

o
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Table 3. Volatile compounds of glutinous rice wines prepared with different yeast strains from nuruks (unit: peak area %)
No. RT RIY Compounds Lp? Y18-2 Y54-3 Y90-2 Y90-9 Y272-7
1 3.806 <1000 Ethyl acetate 0.268 0.275 0.177 0.102 0.066 0.132
2 4471 1032  Ethylalcohol 90.56 79.35 82.58 87.77 79.67 86.02
3 6.406 1102  Acetic acid isobutyl ester -9 - - - - 0.037
4 7.853 1124 1-Propanol - - - - - 0.177
5 7914 1185  Isobutyl alcohol - - - 0.188 0.259 0.202

6 8.170 1210  Isoamyl acetate 0.410 0.335 0.191 0.076 - -
7 8.565 1227 1-Butanol 0.068 - - - - -
8 11271 1322  Isoamyl alcohol 1.029 2207 1.341 0.948 1.468 1.345
9 11961 1334  Hexanoic acid ethyl ester 0.022 - - - - -
10 17398 1451 Propanoic acid ethyl ester 0.015 - - 0.010 - 0.009
11 18.162 1461 1-Hexanol 0.025 - - - 0.032 -
12 18439 1486  Octanoic acid ethyl ester 0.134 0.276 0.228 0.116 0.339 0.094
13 19315 1524  Acetic acid 0.173 0.121 0.155 0.148 - 0.068
14 21540 1555  Ethyl hexanol 0.023 0.053 - 0.013 0.023 -
15 22137 1578  Benzaldehyde 0.008 0.011 0.013 0.011 0.013 0.016
16 24536 1643  Decanoic acid ethyl ester 0.229 0.616 0.398 0.291 0.579 0.232
17 25.073 1694  2,3-Butanediol - 0.017 - - 0.020 -
18 26368 1711  Isobutyric acid 0.009 0.016 0.024 0.017 0.016 0.029
19 27400 1743 1,2-Propanediol - 0.014 - - - -
20 28.571 1780  Butanoic acid - - - 0.011 - 0.018
21 29969 1830  2-Methyl hexanoic acid - 0.019 - - - -
22 30.142 1840  Dodecanoic acid ethyl ester 0.260 0.922 0.485 0.398 0.506 0.349
Pentanoic acid 2,2,4-trimethyl -3-
23 30.600 1874 carboxyisopropy’l i’sobu tyl es}’]ter - 0.031 - 0.010 0.022 -
24 32487 1882  Phenylethyl alcohol 0.157 0.345 0.317 0.190 0.214 0.178
25 32764 1893  Ethyl-3-acetoxybutyrate - 0.019 0.026 - - -
26  33.113 1941 Diethyl acetic acid - 0.050 - - - -
27 34.069 1986  3-Methyl-2-butenoic acid 0.028 0.025 0.103 0.023 0.042 0.023
28 35292 2007  Tetradecanoic acid ethyl ester 0.693 1.524 1.474 1.016 1.510 0.710
29 35928 2026  Eicosamethyl cyclodecasiloxane 0.018 0.018 0.070 - - -
30 36904 2052  Hexanoic acid 0.017 0.016 0.069 0.017 0.035 0.022
31 37.683 2080  Pentadecanoic acid ethyl ester 0.038 0.078 0.137 0.056 0.101 0.077
32 38.032 2092  Myristic acid isobutyl ester - 0.016 0.031 - - -
33 40323 2139  Hexadecanoic acid ethyl ester 2.727 9.372 8.304 5.558 10414 6.802
34 40912 2159  Ethyl 9-hexadecenoate 0.042 - 0.243 0.035 0.105 0.053
35 41.119 2214  Heptadecanoic acid ethyl ester 0.146 0.110 0.183 0.114 0.202 0.055
36 43.801 2221 Octanoic acid - - - - 0.042 0.037
37 47.678 2358  Octadecanoic acid ethyl ester 0.207 0.756 0.658 0.426 0.765 0.808
38 48873 2378  Ethyloleate 1.894 1.797 1.885 1.601 2.381 1.312
39 51.527 2494  Ethyl linoleate 0.795 1.611 0.904 0.853 1.177 1.191
Total 100.00 100.00 100.00 100.00 100.00 100.00

DRetention indices determined using C10-C25 as external reference
JLa Parisienne

9Average of relative percentage of total peak area

“No detection
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