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Abstract

The objective of this study was to evaluate the effects of low temperature-adapted Saccharomyces cerevisiae Y297
and fermentation temperatures on the quality of Yalju brewed. Physicochemical properties of Yakju brewed were
compared pH, total acidity, ethanol, free amino acid, organic acid contents, and volatile flavor compounds in S.
cerevisiae Y297 with control treatment. Cooked non-glutinous rice and saccharogenic amylase in koji were mixed
with ethanol-producing yeasts and then fermented at 15°C, 20°C, and 25°C for 20 days. Yakju brewed using the
Y297 treatment showed the highest ethanol yield (17.9%) at 20C. Expression of heat shock protein (HSP) 104
was evaluated by immunoblotting as an indication of adaptation to low temperatures (157C); levels of the HSP104
protein were higher in the Y297 treatment than in the control. Organic acid analysis showed that the lactic acid
content of Yakju brewed using the control was the highest at 25°C. Finally, free amino acid analysis showed that
the Y297 treatment had a higher proportion of essential amino acids than the control. Overall, these results indicate
that S. cerevisiae Y297 could be used as a suitable yeast for Yakju brewed under low temperature (15C) condition.
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Fig. 1. Low temperature-induced HSP104 expression in
Saccharomyces cerevisiae strain Y297 in YPD medium.

Primary antibody (HSP104) was tested for its ability to detect horseradish
peroxidase-conjugated secondary antibody in cultured S. cerevisiae strain Y297.

blot= 25} BHFg. 1) 2 A3, 15CellM 2] 8. cerevisiae
Y2972 thzel ]3] 70%°17¢ =& HSP104 whild uky
S B3 25CAA 9] S. cerevisiae Y2972 T Zto| H|3]
15%°17% =& 4l e SR1E 4 Atk Chiba 56)°]
AFo\ A CSFI, HSPI2, HSP26, HSP104, LOT2, LTEI,
NRSI, TCPI, TIP 2 TIR2 A=l that A Lo A <]
RNA A =5 313 A3, CSFI, HSP104, TIR2 714}
S0l A& IE A AR ET} SUbske o R Hauwn
AT} L3 A 2o M= 2 Z el A (misfolded protein)
olvf 33 = ety Hau¥ 3 ¢l=tl HSP104 T
A-e ole]gt REH A FAAA A2olA T 237l

A &S AR s s Jlvh(1s,19).

WA A= a2]al ER(HZTF, S. cerevisiae Y297)E
E3tsto] L2157, 207C, 250)& W ste] AES B4
5l th(Table 1). pHE] A%, 2TE 2571 ol 45
pH7} SRR S, cerevisiae Y297 2] 2] 7% & =Jo]
£ Holx| &Sth FAtE A, T e 257t Holds
Z AET) ZolHA R 8. cerevisiae Y297 A7) 74
2 2ol E HolA] &9tt}. Jin 5(20)% Back 5(21)2] A+
o ofstd I8 2=t LS Ak A= Boxlthar
BHuE 3 gtk 2] A% H=d Fs HolA|Rk s,
cerevisige Y297 A2 7= SAIAQ o]z} ALl glo] H|S=
3 SR E Bt olm| Atz o] A S, cerevisiae Y297
Ag] 2] 20TolM 7M=& opn|eAte S Bt 4=
< e AR A fFAQ] Aol E HolA& Fgke
U S, cerevisiae Y2972 20C A2 gollA 7V & 43S
3 2K17.9%)S VERNATE Control E R 9} Y297 &R +=
15C, 25T &% 27 ¢33 o] 42t 16%, 15% W<
2 Yehger, 20T x4 d3-E ghefo] 3% J= 2]
7} whAsliTh thekslk A RS 25T oA whde] wEe &
o] 43E T 100~14.8% ©|H o] AR EAo 7
B 315 TH?22).

28 {FII1M4 24
x4y f7)4F =% 23K (Table 2)& oxalic acid, lactic
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Table 1. Change of physicochemical properties of Yakju brewed at different fermentation temperatures (15C, 207C, and 257C)

Control Y297
15C 20T 15C 20T 25T
pH 4.1620,03*" 3.8920.06° 3.80£0.12° 443:0.11° 4.3420,06" 4324001
Total acid (%) 0.30+0,01° 047£0.04 0.530.10° 0.25+0.05" 031£0.01° 0.28+0.01°
Amino acidity 0.520.05" 0.56£0,05" 0.530.04" 0.70£0.10° 1.24+0.06° 0.530.01°
Ethanol (%) 16.17+0.32° 14.30£0.17° 15.23+031° 1637057 17.90£0.36" 15.43+0.40°

"Values are meantSD (n=3), p<0.05.
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Table 2. Change of organic acid of Yakju brewed at different fermentation temperatures (15C, 20°C, and 257C)

(unit: mg/mL)
o Control Y297
Organic acid . . . . .
15C 20C 15C 20T 25C
Oxalic acid 0.090.01*" 0.12+0.02 0.13£0.01" 0.17£0.02" 0.20:001° 0.1710.02°
Lactic acid 1.23+0.01" 2.77:0.01° 378:1.13 1.51+041° 0.83+021°" 1.03+0.04"
Acetic acid 0.27+0.04" 1.91+0.15" 1.8120.26" 1.96+0.45" 0.24£0.01° ND?
Succinic acid 0.98+0.01" 1.15+0.02" 1.15+0.02° 0.59+0.16" 1.13£0.12° 1240.03°
DValues are meantSD (n=3).
IND, Not detected, p<0.05
. . o A o 1} =4 =4 A&
9tk Lactic acid= th&Te] 154 1232001 mglo] = A% HERAT Back 521 Woo 5(26)°] A #ellA]
£ 2%} FopuA frelobulwate] P FobE

31 20T} 25Col & 242} 2.7740.01 mg/Lj"}‘ 3.78%+1.13
mg/LO 2 o] A%l zfol= HolA] gkt 2o what
S7Vele 7AeS BT S.cerevisiae Y297 ATl A =
BE 2EoA FolAQl Aoz} Holx] g3kth. Back &
@12 AdA 2079} 30CoA TE3 £ lactic acid
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Ao E B3t AHE Bl thzTet 28] S, cerevisiae
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Holx] ttH(Table 2). T3 thZT2] succinic acids
lactic acid®} H]$=%t AaFS HAX|TE S, cerevisiae Y297
AT 25 met AEFo] Srteke AIdS BA
kol A AZE = lactic acide A E]e] F2 F7]itolH
Pold] £& B 9B Fe Ao Hnated)
Bang 5(24)2 SR FF wE e f714F 54360A
AHE-8F Fermivin &2 5224 mg/LE B33l & A3
ol & lactic acid o] ThA kAT 20T, 25Tl A
i H o} Y297 R0 ghero] oF 3u) H & G| HEE o
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A= Aoz dA lom23), HAg o Fa 714t
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o 8 R714F F 3l succinic acide Lee 5(25)°]
Hugh AqoA wtae] g 3y F F83 frljitez
IRI=AT A F714t FEFE THA S Wl acetic acid,
lactic acid &S Y31 succinic acid T4 =& Y297=
20C ES Aoz Pt

2 {2/ oo &4

IR 25 mE felotn|ite] TS FAe 4
IHTable 3), thZ=T-9] %5 &2o W2 Fejopn|ite]
AireFo] BAIHCR froldt ztelE HolA] SiTh S
cerevisiae Y297 A 2] Tl A& 20Tl A &EH ZHAdA
1,040.48+64.20 mg/LZ 7 &2 ] opn| = Ak-S kst

Ao 2 YEPAX| T S, cerevisiae Y297 A 2] Tl & 20T
270 7Y & fElon st T8 B ol et
A= FAEAY /715 2 fElobniestke] HukAQl
A3t M = S.cerevisiae Y297 A2 7-2] 15T 2 20T A=
vk AE &91E 4= Qllt) ol AHES Fal
2ol vl Y297 A2l 15T 20ClA] &g 7
T 4 B4 & 9T 4] ¥ Foz RIS
°lE Y297 TVt A2 WEE il & A gl g3k

HEHYa Bas
7P, oW gt Sutste] F4E AsHA7]7] W&
of 443 gqFS At Aol Fashd HA &=l
telxl = oF2] ezl vie gitt, opw| Ak I E Ry S
TR tabe ozt 15YF S (fusel oil) = HEE ]
ol A& Fosr| = s, ofw|ieAt 4bstg A gl ofn
AR G R Aol 98] oxalic acid® Wate] Bte] WMelE
T71% 3HH28).

2l 7|ds 24

APAATE B3l 7173l g BA3EA A ) A2l
F 50 Wele] a8 B4 S| HEHATE E AFd
Me o] AEE F UEAQ 6719] 74 Eethyl acetate,
1-propanol, 1-butanol(3-methyl-, acetate), 1-propanol(3-methyl-),
acetic acid, phenylethyl alcohol]ol] thall &= 2 gF7]/4d &
2 =43+ A3N(Table 4)°|t}. S. cerevisiae Y297 *] 2] 7-l|
N ofFe 7o PR 2 e Bagel voia
e A Q1= ethyl acetate©] 41.46+0.54 mg/L= 713 =&
S22 B3 Higher alcohol 2] shteo|w 7im)Ade] uh}
Uaks Z2ka 9l 1-butanol(3-methyl-)} phenylethylalanine
o2 Y fFHgt Ao R o9l 9127159 vt R
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Table 3. Change of free amino acid of Yakju brewed at different fermentation temperatures (15C, 20°C, and 257C)

(unit: mg/L)
Control Y297
15C 20T 25C 15C 20T 25C
Isoleucine 8.352.23" 6.85+0.20 8.61+1.63 17.04£7.59 28.55£2.96 6.96+0.18
Leucine 25.15£3.59 26.322.20 26.68+3.13 50.24%7.19 101.70+8.18 2897+0.81
Methionine 5954333 2512021 2.0720.65 7.61£0.95 10.25+1.75 136025
Exsential amino acid Valin.e 15.54+1.67 1667071 19.90+531 24934505 57.824.70 14.77+0.73
Threonine 3474038 3.19+021 330:1.62 7.69+3.60 24.08+4.22 421071
Phenylalanine 17.63+196 2034+1.67 17.26£0.64 36.31£7.10 7121£5.90 20.751.07
Lysine 14.06+048 9.5520.21 5874035 20.70£2.75 28.79+3.40 15.20£0.25
Total 90.15+13.48 86.0045.50 86.04£14.01 154.20£29.65 3224042523 92.23£2.90
Arginine 73.361.62 34324322 22.88+4.36 73.90£17.96 69.514.41 39.761.73
Histidine 11.01:0.87 2834033 1.0620.12 11.16+8.55 12.1310.81 593+0.14
Aspartic acid 8.17+0.69 13114239 7462005 26.37£7.95 39.00£5.80 9.93+041
Nonessential amino cysteine 11.21£333 3.05£0.89 3524026 1243101 19.65+1.54 23.79£1.97
acid Serine 7.37£0.93 6.8520.51 5.96:0.83 19.52+8.48 54.89+5.98 1096127
Glutamine acid 3221103 20.820.61 44.00430.65 5242£19.56 95.7610.11 35.1140.23
Tyrosine 12.96+2.08 16.61+0.63 10.60£1.92 25.16+4.36 58.164.55 15.53+1.00
Total 156.309.00 104.07£10.54 128.07£17.70 202.05+49.87 355.03+24.84 137.8841.39
¥ -Amino-n-butyric acid 6.88+1.14 0.90£0.23 3.14£127 5.65+2.66 38.16+4.60 8.20+1.04
Ethanol amine 3434078 1.870.22 1.48+0.04 5.07+0.70 6.33+0.81 8.18+0.57
Ammonia 375+026 6.44+0.46 6.70£0.37 6.95+1.04 12.54£0.37 428+123
Ornithine 21.35£0.90 7.7140.87 6.7420.15 34.1624.11 50.34+6.74 26.00+3.49
3-Methylhistidine 2.08+1.80 ND? ND 475 + 0.80 ND ND
o Phospho-serine 7.020.19 7.70+021 7.62£0.54 7.21+0.66 10.71£0.10 7.9940.15
m tf‘vcéd Taurine 72.11£1.52 5645%0.94 57.74+1.09 72241426 5443191 4791033
Urea 15.67+2.08 ND ND ND 9.62+0.544 ND
Glycin 17.53+133 14.024042 9.39+4.17 22.70£5.36 47924377 13.56+2.28
Alanine 45.93+0,66 36.56+1.20 27.28+3.70 92.18421.33 125.0746.54 57261465
Citruline 1.2240.13 ND ND 4204572 5.57+2.67 ND
L-Cystathionine 5132222 0.77:0.11 055041 6.51+324 2344076 1.16+0.18
Total 202.096.90 132424091 126.47£20.16 251.34432.28 363.04116.63 174.5512.07
Total 448.53£29.00 322.49+16.08 3494145027 607.58£111.79  1,04048+6420  404.66+16.24

DValues are meantSD (n=3).
IND, Not detected.

Table 4. Change of volatile flavor compounds of Yakju brewed at different fermentation temperatures (15C, 20, and 257T)

(unit: mg/L)
Control Y297
Compounds : : : : : :
15C 20C 25C 15C 20C 25C
Ethyl Acetate 17.20+4.30" 12.03£1.28 15424452 41.46%0.54 9.30£2.21 17.20%6.36
1-Propanol 55.59+16.94 21.3148.81 30.50£3.49 9214377 15.8616.12 27.09+8.94
1-Propanol, 2-methyl- 63.30£16.93 68.09+8.61 64.25£18.60 32.19+4.41 84.90+16.60 95.24161.21
1-Butanol, 3-methyl-, acetate 0.08+0.29 0.04+0.02 0.05+0.01 0.03+0.01 0.0740.03 0.06+0.01
1-Butanol, 3-methyl- 69.67+11.71 58.96+8.90 55.2848.30 41.960.29 85.09+14.74 58.88+5.26
Phenylethyl Alcohol 1435235 11.13£3.01 11.83+3.31 13.88£3.28 17.0146.56 11.051.71

DValues are meantSD (n=3).
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