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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 Yakju 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 15C, 20°C, and 25°C for 20 days. Yakju brewed using the
Y297 treatment showed the highest ethanol yield (17.9%) at 20°C. Expression of heat shock protein (HSP) 104
was evaluated by immunoblotting as an indication of adaptation to low temperatures (15°C); 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.

A23d A55 (2016)

blotS AAISFAthFig. 1.) 2 23, 15CAX2] S cerevisiae
Y2972tz H]&l] 70%°17¢ =& HSPId  Thila kg
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RNA WA =5 313 A3} CSFI, HSPIO4, TIR? 7 A}
Eo] A& g Al HFEH Tt Frlele Ao HaEq
ATk T3 Ao M= 7 Z T A (misfolded protein)
v} 33 & fietty Baw 3 glE=t] HSP104 T
AL o2t 2EH AE TAAA A2ol|A] o A7l slof
A 83 FRAAE BaE 3 gith(18,19).

H
Fste] (15T, 20T, 2502 a] i ¥4
SitkTable 1). pHel 79, HlZ7E L7} ol dss
pH7} Sl A9 § cerevisize Y297 A 8] -] 7S 2 Apo]
£ Holx] it FAE JA|, 2T = 257t molds
E A7} olH AT S cerevisiae Y297 A8 T2 A%
Z 2po) & HolA] ¢9dth Jin 52002} Back 5(21)2] AT
o ofshd WE 57} SepdrR Ake] AR Bolzlttn
Baxa vk thx79] 2% vl =g s HolARt §
cerevisiae Y297 X 2l7= AR 2to|7} A9l gle] vl
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15C, 25T &% 24| d2E ol 42 16%, 15% W<
= UEstom, 20T 2ol &g o] 3% A= Afo]
7} @Asl T theket ERE 25CA whde] wad &
o] 43E gHFE 100~14.8% | o] AR 5oz
B35 A Th22).
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Table 1. Change of physicochemical properties of Yakju brewed at different fermentation temperatures (15°C, 20C, and 257C)

Control Y297
15C 20T 15C 20T 25C
pH 4.160,03"" 3.89+0.06" 3.8040.12° 443+0.11° 43420,06" 432:001°
Total acid (%) 0.30£0.01" 0.4740.04" 0.53£0.10° 0.25+0.05" 0.31£0.01" 0.28+0.01"
Amino acidity 0.52+0.05" 0.56%0.05" 0.53+0.04" 0.70£0.10° 1.240.06" 0.53+0.01"
Ethanol (%) 16.1740.32" 14.30£0.17° 15234031 16.3740.57" 17.90:0.36" 15.43+0.40°

"Values are mean+SD (n=3), p<0.05.



Effects of S cerevisiaec Y297 strain and fermentation temperature on the quality characteristics of Yakju 669

Table 2. Change of organic acid of Yakju brewed at different fermentation temperatures (15C, 20C, and 25C)

(unit: mg/mL)
o Control Y297

Organic acid . . . . .

15C 20T 15C 20T 25T
Oxalic acid 0.09+0.01"" 0.12+0.02° 0.13+0.01° 0.17+0.02" 020:0.01° 0.17+002°
Lactic acid 1.23+0.01° 2.77:001° 378+1.13° 1.51+041° 0.83:0.21° 1.03+0.04°
Acetic acid 0.2740.04° 1.91£0.15" 1.81£0.26° 1.96+0.45" 0.24x0.01° ND?
Succinic acid 0.98+0.01° 1.15£0.02' 1.15£0.02" 0.59+0.16" 1.1320.12° 12+003°

"Values are meantSD (n=3).
z)ND, Not detected, p<0.05
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Table 3. Change of free amino acid of Yakju brewed at different fermentation temperatures (15C, 20C, and 257C)

(unit: mg/L)
Control Y297
15C 20T 25T 15C 20T 25T
Isoleucine 8.35+2.23" 6.85+0.20 8.61+1.63 17.047.59 28.55+2.96 6.96+0.18
Leucine 25.15£3.59 263242.20 26.683.13 5024:7.19 101.70:8.18 2897:0.81
Methionine 5951333 2.51£021 2.070.65 7.61£0.95 1025£1.75 136+0.25
L Valine 15.54£1.67 16.67£0.71 19.90£5.31 24931505 57824470 14.77£0.73
Essential amino acid
Threonine 3474038 3.19021 330+1.62 7.693.60 24.08+4.22 421071
Phenylalanine 17.63+1.96 2034+1.67 17.26£0.64 36.31+7.10 71212590 20.75+1.07
Lysine 14.0620.48 955021 587035 20.7042.75 2879340 15202025
Total 90.15+13.48 86.00+5.50 86.04+14.01 154.20£29.65 322.40+25.23 92.23+2.90
Arginine 73.36+1.62 34324322 22.88+4.36 73.90+17.96 69.51+4.41 39.76+1.73
Histidine 11.01£0.87 2.83£0.33 1.06:0.12 11.16£8.55 121320381 5.93£0.14
Aspartic acid 8.1720.69 13.1142.39 7.460.05 26374795 39.005.80 9.930.41
Nonessential amino cysteine 11214333 3.05£0.89 352026 12432101 19.65£1.54 23794197
acid Serine 7.37£0.93 6.85+051 5.96+0.83 19.5248.48 54.89+5.98 10.96+1.27
Glutamine acid 32.21£1.03 20.8240.61 44.00£30.65 52.42+19.56 9576011 35.11:0.23
Tyrosine 12.96£2.08 16.6120.63 10.60£1.92 25.16:4.36 58.1644.55 15.53£1.00
Total 156.309.00 104.07+10.54 128.07+17.70 202.05+49.87 355.03+24.84 137.88+1.39
¥ -Amino-n-butyric acid ~ 6.88+1.14 090£0.23 3142127 5.65£2.66 38.16:4.60 8.20£1.04
Ethanol amine 3431078 1872022 1.480.04 5.07£0.70 6.330.81 8.180.57
Ammonia 375026 644046 6.70£0.37 6.95:1.04 12542037 428123
Omnithine 2135:0.90 7.710.87 6.7440.15 34.16+4.11 5034674 26.00+3.49
3-Methylhistidine 2.08+1.80 ND” ND 475 + 080 ND ND
o Phospho-serine 7.0240.19 7.70£021 762054 7210.66 10.71£0.10 7.9920.15
’fg’v‘;tfvcéd Taurine 72.11£1.52 56.45:0.94 57.74+1.09 72.24+426 5443191 4791033
Urea 15.67+2.08 ND ND ND 9,620,544 ND
Glycin 17.53£133 14.02:0.42 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 92.18+21.33 125.076.54 57.26+4.65
Citruline 1224013 ND ND 422572 557267 ND
L-Cystathionine 5131222 0.770.11 0.55:041 6.5143.24 2.34+0.76 1.16:0.18
Total 20209690 132.42£091 1264720.16 25134£32.28 363.0416.63 174.55£12.07
Total 44853£29.00 322.49+16.08 3494155027  607.58t11179  1,0404846420  404.66+16.24

YValues are mean+SD (n=3).
z)ND, Not detected.

Table 4. Change of volatile flavor compounds of Yakju brewed at different fermentation temperatures (15C, 20, and 25C)

(unit: mg/L)
Control Y297
Compounds - - - - : -
15C 20C 25T 15C 20C 25C
Ethyl Acetate 17.20£4.30" 12.03+1.28 15424452 41.46%0.54 9.3042.21 17.2046.36
1-Propanol 55.59+16.94 21.31£8.81 30.50+3.49 92143.77 15.86%6.12 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 95.24+61.21
1-Butanol, 3-methyl-, acetate 0.08+0.29 0.04+0.02 0.05%0.01 0.03+0.01 0.07+0.03 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 14.3542.35 11.1343.01 11.8343.31 13.88+3.28 17.0146.56 11.05£1.71

"Values are mean+SD (n=3).
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