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TEEY A SYENAE YalfFAE

Abstract The purpose of this study was to find brewing yeast suitable for beer from
the native. This study was conducted to investigate the brewing properties of beer
made using different yeasts isolated from makgeolli or nuruk. Five strains
(Saccharomyces cerevisiae N9, N4, YM55, YM53, and YM22) were selected based
on the ability to produce alcohol in maltose-containing media. These were then
fermented in wort (11 °Brix) at different temperatures (15, 20, and 25TC) for
approximately 7 days and then subjected to comparative analysis. The contents
of alcohol and soluble solids were within 3.2-4.6 v/v% and 6.5-7.2 °Brix,
respectively. S cerevisiae YM22 produced more alcohol (4.0%) at 15T while N4
produced more alcohol (4.6%) at 25C. The pH was the lowest with N4 at 25C (pH
3.74). Glycerol content was the highest with N9 at 25C. Among organic acids, citric
acid content was the highest in all treatments. In conclusion, yeast strains isolated
from makgeolli or nuruk showed potential for beer making and optimal fermentation
temperature varied depending on the yeast used.
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1. M2

29| 30 28 B Sl WEE A7t A 7KK A% Bt Aol 49l
Lo} A7 ofe] Ueto] MFE g 5 97 IR WelE 44 R AHE AR ol
ZAJo]e}. £, 2000dte] SolAE Aulzte] 277 SFAEA Therst AESo] e
QUciPark 5, 2019). WaE 22o] Wol M, & BS WolAA Wolg W v A4

RETRES

£ F40f 9of HEo] Eoj=lo] gEo] Hi, 719 o o5l dFE} gatATL
AL 34 AXHA 9HEo)ZAtHKim, 2020; Park®} Kang, 2020). W3= g o ot
T2 dE WEQl oAy A E HEet A2 IE Wl gAY ofd HE WEE UET

o
(Sung® Lee, 2017). A7 FAFY A& &g W30 theF Jatoz 9ls) 2k WMEr}

Ao FE olFL Sl=T, AP e Ha WEE At WEGA oA A£5HA HH
A 2B E geftt BEE He ¢ A HaL, wFo] High Ak S s Aol
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ofof] Wzo] thet AL LESHA XK= o] LrHjungdt
Chung, 2017; Park 5, 2019). 150l && o|&3HLee 5.
2017: Lee &, 2019), A&F5< o-&3t W3] A A+
(Jung®t Chung, 2017)7} A=At Wx] FH2 48
2, £, 8% SR T2 HaxdE oje, s, HUt
ste FARE 5ol wEtdE ZeRitilee &, 2019
Remedios 5, 2022). £39], 2= 4FS dhg A| 4F 2%
L ohye} 7HE Y SRMER, Iy 9EEF, AAHER, 771
A, FeRME 52 SRR W0 gt FAo dFE
ZHLee 5, 2019; Massimo 5, 2021). 18E22 4IF&
288 at W3] 4 S flof ARE M e MER
avE EY 3ok A7 AlZEI Uth(Jeong 5,
2019; Lee 5, 2019). ¥H, AF7HA] B3 A xof AR
Y2E AR tFEo] 9] ARo|ER, W Wy A
o aRE 27| floto] 9219 YA Ei= FROIA FEE
BR7E S dgo] ARIekA] SRA/GE etetarAt shalth

o

2. Mz & Uy

2.1. 48 H=

2 Ao AEE o S g ERAE A A
Aol S 2R £ - 578% 8% F glucose
Hi ]2} maltose HiA|o|A dF-E& /50l 3% O H=
5%9] #5(Saccharomyces cerevisiae N9, N4, YM55,
YM53 ¥ YM22)E AHE-sHItHChoi &, 2017; Jeon &,
2021: Jeong <, 2017). #5 B3 A2F-E 22 N9,
N4, YM55, YM53 ¥ YM22& ot A8 vz
2+ YPD 9AHiA|(Becton, Dickinson & Company,
Sparks, MD, USA)E ARSI, 429 AR E 1450]
A&t AguiF71(SI 600R, Lab companion Com,
Daejeon, Korea) 25T, 150 rpmollA] 2 &<t HijFs}od
ARRSIIEE W Ao YAY WMoPilsner, Weyermann,
Bamberg, Germany)E AH&3F3th Ago] ARZ3H AR
% Sigma-Aldrich Chemical Co., Ltd.(St. Louis, MO,
USA)S] EFAIE ARSI

22 Y= M=
#o} 4 kg€ B4fsle] Yakze] ¥ B 12 18 A%

https://www.ekosfop.or.kr

o] 50CO1A 15, 62CA 1412, 72TCIA 15&, 78T
A 158 & 2=5 ST HA BE AFsHAnt. Fot
T2 5 oIA7IEA 78C2 & 12 LE AAs] FojFol &
of ke e Sttt ARt W (wort) 11 °Brix

T Az Yl 100TlA F71 Al&Fshd 14]

¢ T4 BA %A BT A 2E 2=l

I N e T

2.3 YFE HE

7t a= A WjgA e B RE GRSE St A
Ztoll Y3t 1x107 CFU/mL %¥& 11 °Brix& % o}
Fol AFsto] 15, 20 E 25ToA 747 RSk &
a7F BYd 4CoflA 9,000 rpm(15,300 x g force)O.&
1587 Y482 (Hitachi CR22G 111, Hitachi Co., Ltd.,
Tokyo, Japan)sto] F5HEZ WFz ARESIAH.
24 F& 54 Y
2.4.1. o]zl E 24

A 5 24 FAEF 9 Holl et ohaat Zol &
A5 tH(National
Support Center, 2014). pH, $4 &=F & o]l At =
pH meter(Orion 3 Star, Thermo Fisher Scientific
Inc., Waltham, MA, USAYE AH&sto] A5kt &, &
A2 A& 10 mLE $3HA17]= H 4= 0.1 N 48
UEFZM(Yakuri Pure Chemicals Co., Ltd., Kyoto,
Japan)9] &[S 5] FALH%) 22 SRS of] i
Az 10 mLefl 0.1 N NaOH 89122 pH 8.27H4] &%
o o2 2@ (Yakuri Pure Chemicals Co., Ltd.,) &
% 5 mLE 718 $3HA1711, AH|EE 0.1 N NaOHS] ¥
mLE HEA5I 7HA 132 FH(CBrinyZ 24 3
A(PR101, ATAGO®, Tokyo, Japan)& °l-&3to] =73}
At} E¥E2  dinitrosalicylic acid(DNS)HOo.2 EA5}
e, &, 343 Alg 89 0.2 mLoll DNS AJ2F 0.6 mL

do] = $& FoA 58 5% BoF thx A200A

=
= R
SR, WP T BRS 42 mlE 91 @ T
=]
-

Tax Service Liquors License

kel
T

B3 A(JP/U-2000 spectrophotometer, Hitachi,

1165



Beer fermentation made with isolated yeasts

Ltd., Tokyo, Japan)& 550 nmolA FL=S Z45}o]
ZA31Att. 2= (Junsei Chemical Co., Ltd.,)
o|-gsto] 3h FH(%) ALttt d3
|2 100 mLo| S5 100 mLE &3
o oF 80 mLE Wil FHFE 100 mL7HA]
AZ 15C= 25t Zho] e £47
(AL-3, RIKEN KEIKI, Tokyo, Japan)& ©]&3}e] 43}
Aot A TS dFE T S Aol B2 SRAS
30 mL FH3t &, Hl=ZEgHQd &9 (Showa Chemicals
Inc., Tokyo, Japan) 2-3%2% 75 0.01 N NaOHE
o|gsto] AZH o= W wj(pH 8.2-8.3)71A A4 51,
ppm THE YUt W3R Mz AIA ARG}
Furopean Brewery Convention(EBC)&t &%, & 714
oz EAsiltt. WA, AMAA(Ultra Scan PRO,
Hunter Lab Inc., Reston, VA, USA)E Argsto] =8 U}
Effi= L(lightness), A4S e+ a(redness), 34
Bl b(yellowness) ® AMZHAE)RES S515iH. oldf
Z L, a b #2747 96.85, -0.12, -0.30°190, AEE tha
3 2 Aoz AXEUTHAE= V(dL)? +(da)® + (db)?).
EBC#-2 EBCOlA A3t standard analytica-EBC color
=4 "WHo=g UV-visible spectrophotometer(JP/U-
2000 spectrophotometer, Hitachi Co., Ltd.,)& ©]-&3]
o] 430 nmolA S783F FFEH0 255 H6iE R Y
B it

£}
ofl

HN
%

| ot
2
oN I3 51‘13 [
qm
1=

@
[e)

4

oxt oN o
f
o

LU rlo

o
olX
du

P
rSt

2.4.2. WEu W0l QAT £H

Feg £42 HPLC(e-2695, Waters Co., Milford,
MA, USA)E o834 2™ post column WHOZ HA5}
Atk FEF E4E columne Supelco sil LC-NHx(25
cmX4.6 mm, Bellefonte, PA, USA)ZE EAI519ic) o]5AR
75% acetonitrile(Mallinckrodt Baker Inc., Phillipsburg,
NJ, USA)E AR&sH3 AL, flow rate 1.0 mL/min, column
oven 35C, injection volumeS 10 pLZ AAd}o] RI
detector (2414, Waters Co., Milford. MA, USA)Z 4
Z319Ath AlRE 4ToA 12,000 xg 1083F YAlEE
(CR 22G, Hitachi Koki Co., Tokyo, Japan)ste] A%
ae F4st oS oIH0.2 pm, Millipore Co.,
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Burlington, MA, USA) %o AR&-5}ict.

2.4.3. MEu Wxo| RIIM £H

S714H dual pumpZ  FAE  HPLC(LC-20A,
Shimadzu Co., Kyoto, Japan)E A&} 2™, post
column ¥HOo 2 EAsH3ct {714 EA4E column
Shodex RSpack KC-G(6.0 mmx50.0 mm) guard
column®l| RSpack KC-811(8.0 mm%300 mm, Showa
Denko Co., Tokyo, Japan) 27§& Aot ARE-oITE
Pump A9 o542 3 mM perchloric acidE ARSI
oH, flow ratex= 0.8 mL/min, column oven®] 2%+
63CE st Columng F3sf Y2 E8]E2 pump B
9] 0]'54H0.2 mM bromothymol blue(Sigma Chemical
Co., St. Louis, MO, USA)], 15 mM Na,HPO«(Sigma
Chemical Co., St. Louis, MO, USA), 2 mM NaOH%}
"33 & UV 440 nmollA AEsHlH. oldf pump B2
flow ratex= 1.0 mL/min, 8F&2%+ 30CE AT} A
F+= o7H0.2 #m, Merk Millipore Ltd., Carrigtwohill,
Cork, Ireland) & AR5}t

2.5 5 24

33] WS S5 AdolA d2 BE HlojEs Bt
=UAE A 54 £42 SPSS Z2IH H
26.0(SPSS Inc., Chicago, IL, USA)S ©]-&3}o] =3
Aol disto] A7t &, Haerd, aud fo3l
ol YolH”] #J5to] FoeES ¢=0.052 A5t
two-way ANOVA testo] &Jsfl H7otdct. A28t &
ol AAL Duncan? THEHY AL AASAT E
o HREEE gRE gejt Wl olgled 4t
AR 7k PAE Aoz THIE] Y3 FAR B4
(PCA)S AAISHT

IRTN RO =SS

3. 1 ¥ 1%

3.1. 228 YFo FZ 54

and W] F3 542 Table 10 UEHHQITH Be
2
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Table 1. Physicochemical properties of beers fermented with different yeasts at different fermentation temperatures

Temp. Yeast pH Alcohol Soluble solid Total acid Amino acidity ~ Reducing sugar Volatile acid

() (%, v/v) (°Brix) (%) (mL/10 mL) (%) (ppm)

15 YMB5  4.45+0.10"% 3.60+0.00% 7.0040.12% 0.18+0.01P 0.45+0.05"® 0.63+0.06° 46.730.95%
YM53  4.45:0.08°9  3.60:0.00%° 6.77:0.06<®  0.19:0.00 0.50£0.03" 0.55£0.04° 49.13:0.50%
YM22  4.37+0.08% 4.00£0.00% 7.2340.06" 0.20+0.01° 0.47+0.03%¢ 0.5140.08° 69.20+2.60%
N9 4.35+0.03% 3.20£0.00% 6.67+0.06™ 0.240.01% 0.39+0.02% 0.590.07° 71.8740.23%
N4 4.59£0.04% 3.90+0.00° 6.900.025 0.21+0.00% 0.4240.025% 0.55+0.03° 118.731.80"

20 YMB55  4.40£0.05" 4.00£0.00" 7.13t0.06% 0.15:0.01 0.39:0.06" 1.02£0.04% 32.330.64™
YM53  4.28+0.05% 4.00£0.00" 6.63+0.06% 0.17:0.01® 0.43+0.01% 0.69:+0.03% 30.73+1.27™
YM22  4.28+0.03%° 3.60+0.00% 6.500.10% 0.19+0.00° 0.38+0.03% 0.23+0.02%® 43.00£1.31%
N9 4.22+0.025 4.00£0.00 7.30£0.01% 0.19+0.01%° 0.42+0.03% 1.42+0.06" 48.20+0.69%
N4 4.16+0.08% 4.00£0.00% 7.30£0.10% 0.2140.01% 0.58+0.03%* 1.35+0.09" 80.40+1.44¢

25 YM55  4.40+0.03" 3.70£0.00% 6.67+0.15% 0.16+0.01%® 0.45+0.06° 0.89+0.12%¢ 42.20£0.72%
YM53  4.35:0.05""  3.50£0.00°° 6.40:0.10% 0.17:0.02°®  045:0.04*°  0.60£0.31® 36.13:0.83%
YM22  4.22+0.03% 3.50£0.00% 6.90£0.10"® 0.19¢0.018 0.46+0.04% 1.08£0.31% 42 67+1.33%
N9 4.27+0.03% 3.70+0.00% 7.00£0.10® 0.1840.015® 0.58+0.01% 1.2540.21% 43.60£2.43%
N4 3.7410.04% 4.60£0.00 6.7810.014% 0.25:0.00" 0.69+0.02" 0.99+0.05"% 111.00£1.40%

DAl values are meantSD (n=3).

Values with different superscript (*"°) within the same column differ significantly by strain at the same fermentation temperature (p¢0.05).
Values with different superscript &) within the same column differ significantly by fermentation temperature at the same strain (p¢0.05).

W7ol HE2kof| wetAe JFS WA Ht daE2E
15CoA= YM22 827} 4.0%9 &¢I 22 WASIE L,
" 20T oAE YM22 27 3.6%2 7MY B ¢3e
< AU HELE 25CoME N4 271 4.6%2
%]_— -9——- Aﬂléo}dq 01—57_2_ AﬂAéﬁ_(_)_i _lil:l:] YM22 _‘§_5]_

1509} Zo] AL i) Agket Awet ARET
HRE BE SELENA £ 4TSS YA %‘?ﬂ

https://www.ekosfop.or.kr

2 0.23-1.42%2 15CoA] FFE=2 %PJM o]
7h siglod, UHA dE Lo e dER R A
ol2 Hyt} Yygero s gy uﬂ_;,l__,] T EX 2

YM55 8R= BE YR504 pHe} ofH| kA7l /9]
2l Zfol7} gigiet. WMo 4] pH W39 3} 24
]Jxﬂ%o]—?ﬁ o]—x-?/ﬂoﬂ Oﬂoc}L_- _f_‘——_ 7;1_; o] A]Qoi %H:]—
(Kaneda &, 1997). &¥& W30] 4 pHE 4.2-4.4°|%%
HJungZ Chung, 2017). o] A2} vlws] HorS o
BH 5o wet oF7ke] Ajol= llent 1 o] SI9)
o Al WS 7R 1 B8 EAAS £ ATAE AR
et =71 ol F-2oA YR JH IE WA
Ao A Hagt sbH IR WEo Nk pHZF HiFEE 1 W
9 ool AAJHChoi &, 2022). TZAT 25T A vra
o N4 BH ARG W3 pH7E 3.742 7H) %2 pHE W
BRIt ol tE AgAtol| vl FA rgt Ak 9
Zol E50] =& AoA HIEHE ZoE 2 a2
9@ o= AtgHtHJeong 5, 2015a). A W3 7
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o|RHE Tt HojR|A] ok
stthal ot+=tl(eong
ot Al W3 F pH7F 4.3
TE 9EdlE de YM22

-, pH7} 4.3 o|std Algte] Y=g
Ei Ii;ﬂ _L]-a__ o}:_ 7)'4\0] %
5, 2015a), 15CoA TaT
oj3l= Qigich ARY YAl
AROA a2 wet FAb ghgo] f-oAQl Ato|7t ¢l
At WO LA F& opA|EAto|H, Rt} Hoff Al
AYQE Tt o EARS Wa A] Q)Y AR H7F B A2
oA Ia g WFo ok Ak FFoE Rl ¢ Eol
AP E7| e ofal, ERF BRO| FRo| wEb: FEARY
Aol et (Jeong 5, 2015a). Z=F9 FL %
HPAF gheko] Wk A2 o4 Al A xR FHo U
FFE A= A2E d#A 3o 400-500 ppme 23}
SkA] gotof gttkal #7435kl Qltk(jeong 5, 2015b). W
Fo| A9 4‘?-;*& SHFO N4 §H AR W37 nE W e
LoJA &2 £4]91 80-118 ppmO & YEJAT 1 B

= %2 #ﬂﬂm Algdch ZE 92 =, A

P02 N4 g% W37 BE B TofA] ¢FE A4
] E_l— 1 Eo]— _I_]Hl—/\]- o]—% o]—u]},—_/k]-E &/ﬂ— ‘@-%]:E L

L]

_u.;g Ex]O

Stth. 7k WeAel BAS Aol SAT HEsh
Aol £2 Azt waEn
32 Epy oixol M

mWz=o] Mo QMEAF FHAE FJEOF FFLS
59 AT, W] FaZH, 474 H=shgh
2 HdHE 9 5o ool JTFS ol Bigitty B
HAHSungT Lee, 2017). Table 2= 82YE A EAS
AHE Aytolth dHELEE 15T 25ToA 182 &
¥ N4° EBC#S AlQlsta |92l Aol& Bt
(p€0.05). =2 YeE= LgH 15719 AlZolA 55.79-
88.77 #L & UEHI HaLE 20C9 YM55, YM53
Fu7}F 88.77R 7HE &2 w2 YERlth AMEQl aghy}
FAEE YehE bgke 259 N4 a27t 247t 3,599
20.428 7V} =2 = etk MAHdE)9] 4, 17.64-
46.14 0= YL, 7P ¥ 13 7P =2 adt
3 bke B HE2E 25T 9 N4 857 7MY w2 32

Aot FELE 1509 25T FFEE MAHdE)E

i
il

i

Table 2. Color parameters of beers fermented with different yeasts at different fermentation temperatures

* *

*

Temp. (C)  Yeast L a b Color (dE) Color (EBC)
15 YM55 87.60+0.03"%° -1.45+0.01° 14.0740.02% 17.1420.02% 4.18+0.85
YMS53 88.17+0.01"% -1.1110.02% 16.01£0.02 18.510.028% 4.47+0.89
YM22 87.97+0.02% -1.48+0.01% 15.19+0.02% 17.91£0.02¢ 5.05+0.37
N9 80.90+1.36% -1.6140.02% 13.91:0.21™ 21.43+0.87%° 5.12+1.49
N4 85.43£0.04% -1.36£0.02% 14.93£0.01% 19.08+0.02% 5.52+0.88"
20 YMB5 88.77+0.01% -0.90£0.01% 15.37+0.02% 17.64+0.02%° 5.28+1.35°
YM53 88.77:0.01% -0.90£0.01% 15.38£0.04% 17.65£0.04% 5.03¢1.00°
YM22 60.34+0.11% 0.09:0.04% 12.30£0.06™ 38.62+0.08" 7.74+2 49
N9 87.130.03% -1.17£0.02% 16.410.00% 19.37+0.03% 6.28+1.83°
N4 78.0040.12% 0.130.03% 16.67+0.01% 25.36+0.09%° 12.29+1 35"
25 YM55 87.87+0.01"° -0.87+0.01% 15.74+0.00% 18.3920.01% 6.17+2.03
YM53 80.84+0.00% -0.40£0.01% 16.04+0.02% 22.88+0.01% 4.79+1.20
YM22 80.83+0.018 -0.69+0.00%° 14.61£0.02% 21.8940.02° 7.34+4.64
N9 80.260.02°° -0.670.02 14.89:0.01%° 22.50+0.01% 8.94+3.78
N4 55.79+0.07 3.59+0.03* 20.4240.03* 46.14+0.05* 4.98+0.42°

YAIl values are meantSD (n=3).

Nalues with different superscript (*) within the same column differ significantly by strain at the same fermentation temperature (p¢0.05).
NValues with different superscript &) within the same column differ significantly by fermentation temperature at the same strain (p¢0.05).
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T4l ZfolE UetHA T EBCHS 722l &fol& B
oA okgkry. AW N4 &X ARG WiFEE= 20T o)A
12.292 #9202 &2 EBCFS UEtL, o2 &
e dgordar 9040] 2jo]2 Ho|x| gttt EBC

#oZ 53-7.5 @M We} st=t|(Jeong 5, 2015a),
LR 2T} AJglo] AY BE W7t G Wzolglom

N4 BH AMS B3E 3Eero] B u@o)s 2002 %

&3 W27 EBCEE 12 oJAle 2 HAHTE = o AL

NE ws AR UERTh Al 959} EBCEoE Mg

|xa] Hotx, Ad g W= 4.78-93.98 W0 AR

1, 3h Ea WEE 5.48-11.79 MY <ol & Hoz

|4 BFETE BE ARA GAE Hilte As &
4 UK Choi &, 2022).

A

jud

S~

3.3 gPY YE9
Table 3914 Hi Hie} o] WFo Fg [T
maltose(5.50+0.03 mg%), glucose(1.02£0.01 mg%),

22/5t 52

sucrose(0.30+0.02 mg%), fructose(0.20+0.00 mg%)°]
t}. Maltose®} glucose AEOCZHE 12|71 fructoses
Wolo| A FHct Ha F WEC maltose?} glucose,
fructose® AH[51Y glycerol& A4 HViana 5, 2021).
o] A5k fructose, glucose, sucrose, maltose
% fructoseE A3t YA G52 AEEA Lot o
Al WEA HEEA BUHE glycerolo] Hao]| o5 34
AL, fructosel WEONA 0.2% HEE AT, 5]
9Hg 3 fructose §5Fo] F7toto] Ao g Hol Q122
51\— U o] AL W0 wit T w@ytol| ¥
2 Ata " (Postigo &, 2021; Viana &, 2021).
,—__I'E%E 20T %} 25To4 N9 A%7} glycerol& T
R vsf go] FET¢E & 5 AU

J[m m{N ru

ru o >i i) m

34 EgY Y=g
ant uFo] £t 3

LTS, OISR,

SI|AF BrEF
2 Agstel oAE 2

1A, %ﬂ*ﬂa |~H 2 53 22

Table 3. Free sugar contents of wort and beers fermented with different yeasts at different fermentation temperatures

Temp.(C) Yeast Free sugar content (mg/%)

Glycerol Fructose Glucose Sucrose Maltose
Wort ND 0.20£0.00 1.020.01 0.30:0.02 5.500.03
15 YMB5 122.22+18.51"W82 51.1245.19" ND ND ND
YM53 123.92+7.66°® 55.9143.19" ND ND ND
YM22 150.54+8.71 54.0243.43" ND ND ND
N9 100.5519.81%9 32.37+2.49% ND ND ND
N4 153.62£12.00* 62.5045.28" ND ND ND
20 YM55 135.32+0.38° 48 6442 58° ND ND ND
YM53 139.7743.84° 58.78+1.44" ND ND ND
YM22 159.68+11.00°8 46.85+0.93° ND ND ND
N9 200.89+16.39" 51.04+2.08% ND ND ND
N4 144.25%21.18° 50.65+0.15% ND ND ND
25 YMB55 144.87+13.39°C 45.85+7.31" ND ND ND
YM53 119.68+12.74P 46.82+0.78" ND ND ND
YM22 163.15¢7.09° 46.07+1.024 ND ND ND
N9 202.72411.13" 40.640.06" ND ND ND
N4 106.76£6.45° 38.5240.07% ND ND ND

DAl values are meantSD (n=3). ND means not detected.

2Values with different superscript (*°) within the same column differ significantly by strain at the same fermentation temperature (p¢0.05).
NValues with different superscript () within the same column differ significantly by fermentation temperature at the same strain (p¢0.05).
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Table 4. Organic acid contents of wort and beers fermented with different yeasts at different fermentation temperatures

Temp. (C) Yeast Organic acid content (mg%)

Malic Lactic Acetic Citric Succinic
Wort 23.0441.16 27.1142.74 20.7641.48 47.90+3.83 ND
15 YM55 13.88+0.35"2 10.52+0.46% 7.9740.35% 42.00+3.68° 13.5540.28%
YM53 12.83+0.57° 13.29+0.40% 9.82+0.12% 39.0043.36° 12.58+0.18%
YM22 21.47+1.784 12.6440.53% 16.40+0.14% 43.31£1.67° 20.99+2.24%°
N9 22.28+0.46"9 10.95+0.41% 19.1140.34% 46.0143.12° 22.43+0.40%
N4 12.67+0.21% 14.1040.38" 11.5240.24% 44.0642.16° 21.31£1.01%
20 YM55 11.58+0.53° 13.32+0.51™® 6.38+1.13% 32.8240.87% 16.36+0.89
YM53 12.57+1.618 19.78+0.90%° 6.36£1.26%° 38.131.10 17.1942.28%
YM22 23.94+1.534 17.26%1.64 9.93+0.89% 34.55+1.818¢ 23.09+2.06%°
N9 24.80+3.09"%° 15.46+1.15% 9.88+0.18% 35.70+0.78°%° 28.53+1.98%°
N4 13.64+4.95% 63.51+1.00%° 18.33+0.49%° 33.68+1.76°5 26.19+1.158
25 YM55 12.6241.978 18.66%1.97> 10.27+1.19% 36.16+1.39% 18.86%1.07%
YM53 12.71+0.76° 23.73+1.08%¢ 7.94+1 .28 32.82+1.51% 17.94+1.51%
YM22 26.50+2.53 21.29+2.40% 9.64+0.86>° 34.50+1.88% 29.05+1.59
N9 30.2043.86" 24.96+0.84% 13.5740.58% 41.68+3.52" 34.57+1.60
N4 ND 162.07+2.00% 28.05+1.56" ND 35.38+8.06

DAl values are meantSD (n=3). ND means not detected.

Nalues with different superscript (*) within the same column differ significantly by strain at the same fermentation temperature (p¢0.05).
Values with different superscript () within the same column differ significantly by fermentation temperature at the same strain (p<0.05).
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Fig. 1. Principal component analysis of the quality characteristics of beer fermented with different yeasts at different fermentation

temperatures (A: 15°C, B: 20°C, C: 25%).
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