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SENSH FEYZUEY LEIEYEY

Abstract The objective of this study was to evaluate the quality characteristics of makgeolli under
conditions of nutrient deficiency and high-temperature fermentation. Makgeolli was prepared using
rice, water, enzyme (glucoamylase), and yeast (La Parisienne, WB06). These ingredients were mixed
and fermented for 6 days at 25°C, followed by 3 days each at 25°C, 35°C, and 45°C. The WB06
treatment resulted in lower alcohol content, with higher temperatures during the last 3 days of the
9-day fermentation process, further suppressing alcohol production. Conversely, the content of
reducing sugar was highest when WB06 was fermented at 25°C. Although the lactic acid content
of the alcoholic beverage made with WB06 was high, the elevated sugar content resulted in a
suitable sugar-acid ratio. Yeast remained viable even when fermented at a high temperature of 45°C.
This study demonstrated the feasibility of producing low-alcohol beverages with viable yeast
cultures with nutrient deficiency and high-temperature fermentation.
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A AR FAHYES WS o Abs 4lo] stte] Eate A FAFom A7t 4 A%t
A8 gk #4lo] EobA|al Ath(Chung, 2023). 710 wbA =3}, WS, 40X 52
a5 &7t 7053 oW (Kim -5, 2021b), 7 A S71=
23} AL F7F EAE3} €)1 QIrkShim, 2019; aT, 2023). A& 0]oFEobA XJ(MFDS, 2017)°] o2
H H| &3 E(non-alcoholic) Tt FLF-&(alcohol free)Tt FA| 70| glom ALFgof st a3t
T2 e} ot Park 5(2011)7 Kang 5(2012)2 22| ¥3& o] 2-8%7}F tiFAolzkaL
St3121, Yoon 5(2024)0] 2415 Al 92 2] 34%0] thet dFE g XA} 5% A=
2 o, dF-E o] 5% wRiel A2 E AL SE IAE 7HsAdo] Atk Bt
2= SEvet 159 ABFE AR Y59 FE0= do] Hag & wAE &olzhe
ZEQoH, g7 ¢kl gotr] o] g2 EEAY oA AEHoR sHE0] A
8 T 42 g4 852 npd 532 287|% StHKim 5, 2022a; Park 5, 2011; Shin 5,
2016). B2 2= A E RS AKRT)7F TR Ao W= 20184 4,5009] A, 20204
4,7009] A, 20229 5,0009] AhE E1FHo| A& 07 JA6IGITH(Shin 5, 2023). °] F X
ol Zeju|gd wha o] it TAlo] F7tekal Qlom, sfgshs 9EE 7} oAl SAIEI
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2u|e] gd]of gt 7|&2 ot HeelA| ekou w2 7t
, BFeh A7FE (oA 5) FA7E ol ol vEE(E
B Z3 FHSHA wE7] 918 oln| YA o] g F
oz sk ), BokaEl olole] 8718 e A
F= 2U|3H(Na2t Ban, 2024). Zju]|q] 2hd o] gt 4H]
Z}9] Ftufl oA} FHo] 2018 2,447 €A 20219 3,055Y,
20239 459390 A&HoT A& AL Ed) 7120
S B9 £2 BAUS 293t 427} 84 o]
U= A2 1T 4= UAUTHAT, 2023).

SEASE Shin 5(2023) SOl A -85 222 2071 5
177) A|ZFol A ofAmbgo] AEEH UL Histo] U /-5
S| ool ohATEe H/lSHe ACE Uit ofx
o}k L-aspartic acid2} L-phenylalanineol A3t dipeptide
9] methyl esterZ 4]&0] QIS H7I517] Y3t 518k Q
22 A9 oF 200819] ©oe 7HA|LL Qi 2k, A
Fag2 5 Y 5 Ao osf 2R Mgk 4 Qlol 7
27 Az Al F7HR1 Hart dojuA] Rrs GO s ARG
¥lo] 9thKim 5, 2022a; Shin S, 2023). 2 AAEA7T7
(WHO) AFs} 24| 9dGtA(International Agency for Research
on Cancer, IARC)?} A ATAFKsA7]7Food and Agriculture
Organization of the United Nations, UN FAO) 35 AF5}7|4121
AE A7HE AE7F Y¥3]Joint FAO/WHO Expert Committee
on Food Additives, JECFA)= ofATIERS W 715 E29]
2B 53 ¥ 71 EYE 55199 tH(Shin 5, 2023). ofAT}f
g o o7 S 247].0]-1— o]9L uwdd] A& A ¥IE
Fore @) 9 B Akl 4R HES WEH 5
off =-2e] <ol A ‘i}”*o] £0}E0] ol& AMAstA AR
713tk olERt A% Ko JISANEE H7ISHA] & o
Ao et AR o] kgt wet e F37F A
o] Az 7)&d] et A7 8751 QIt(Chung, 2023;
Kim 5, 2022a).

HAEAQ aF Az IPoIN FR AEH duet 3
Al AREEE AHFES v8ET 848 Eokehal glo] ¢
2, a4, §7)A 2 Qalotu] Al 0] Ao =93t It
Sttt(Jeong 5, 2013; Lee 5, 1994). 50| &4 5l= &3}
B .oohil . 2 B gas dg 318 = gAEAS 44
sto] 2 AlFl Aoz G vIAH, v %
o] 2R3t YL ALl E IF LS A= _—gEg] 3
A BES A&el] glelo] Bad, 4 S 8
Zo]th(Kim 5, 2008). 53], THA L3 miof o] J—%ﬂ
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L gage 1uo Gk FA $a% 4L sy Aad
o] B2 49, AR BEo| Aol A PHo| JFL
WA E4, R LEE 4R A% fh Y0 B8
3 QgL v, DeolH WaS AP A9 BhS T
2 BHo) GFL v1A Sde] A3 ELo] FFS vHh:
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AF Ar FEEHAHKIm 5, 2018; Kim 5, 2022a).
T8 ubda]of sl gEEo] oq:rL_ Qutzo 7 ukAhzE
FESHE 25°C Yol =S B3t A7 Beak 5, 2013),
ol 27149 =g Whsle] Az wde) B4 54
o}l S5 (Chung, 2023; Kim &, 2021a; Kim &, 2022b), 1.
2 Azt epdeof v = FaFol thet A-H(Kim 5, 2022a)
of tsiAt HePEo] o FFHE 2T I FAE B4
o Agstol Ao ITS YL ARSHIA S AFE
AP vk ok mebd B Aol a9 RE3 1. A
g7} wrg2o] T B4 B3| &7 AT}t o dteko]| u]X]
L 9gke mlolsly Qi Zm|g A7} 9lo] v EAL 71
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2.1. Mg & 572 H=x
I 2as 5% vk 2 Avls BV AYEe 9
g Az WP Fig 13 Zoh 12 98E &% v %
ol 237 AR 2] Az AR HEE dRE
= B(Samkwang, Gyeongju, Korea)& AMEo}OH, A=
Saccharomyces cerevisiaeQ] SafAle WBO06(Fermentis, Rians,
France) ARESI3OH, tiR=2= ARGl Wal== Saccharomyces
cerevisiae?l SAJAZX AN La Parisienne(LP, S. L. Lesaffre
Co., Marcgen- Baroeul, French)& A5}ty 2 & AYS5}
7] 98] YPD broth(BD Integrated Diagnostic Solutions,
Sparks, MD, USA) H|AZ o]&3] 4] ujok7](SI-600R,
JEIOTech, Daejeon, Korea)ol A 150 rpmO]|A] 28°CE §-X|5}
I 1.0x10° CFU/mL o)A sjo¥=s A3lo] AF_35+9ith 1.2
wag B3 5 o dele Bk ARRE whae Az 4
4o Thest 2tk Be Bt Bef ofed AT A o
2412 B AAA F 1A B9 B W1 At 1
o]% ZZ}7](Electric steam-generator, Pyeonghwa Machinery
Co., Ltd., Deagu, Korea)S 0|83l 5027+ A H 1087 &
Sol71E5 AT &, Yzsto] 2 Az ol &siyitt Ha
Eo] 15t} 159 ojE] 150% 7145 5Fal Nulookzyme
R400(Glucoamyalse, Bision Corporation, Seongnam, Korea)
2 RAAE A TR o] 0.1% B | ARE B
o] 198 EAAAT, 2T AR 25°Co 9%t U
£ AYPstlom, At wde] ZL TR 27] 25°CoA
6 9t Mg & 112 AP L35, 45°C)9fA] 39 e ER
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Fig. 1. A method for producing low-alcohol makgeolli through high-temperature fermentation.

pH+= pH meter(Thermo Fisher Scientific Inc., Waltham,
Massachusetts, USA)E- o]-&35}o] 243191, SAF2 A|& 10
mLE 0.1 N NaOH(Sigma aldrich, St. Louis, MO, USA) -8}
O pH 7.07HA] £3IA]7]= ©] 248 5+= 0.1 N NaOHY]| 4 H]
H FE& ZAKacetic acid) FHFOE THAFSA] total acidity(%e,
wiV)E HAISHIL. ofm|lcAt TS Kwon(2023)2] W&
&sto] ST ofr|ieAl FFE AR 10 mLo] 0.1 N
NaOH 8902 pH 8.27}% A5t & ZA4] formalin(Sigma
Aldrich) 9% 5 mLE 7}olal 725 AbS Sofol=t] 4:H| 5]
+ 0.1 N NaOHY| %2 glycineS. &

o]

Sarstolct.
23 SE o BHS 25
I 9 ST ZHL Kwon(2023)2] S ogalo] 2%

Ity Y (°Brix)= =248 XA 9l Digital refractometer
(PR101, ATAGO", Tokyo, Japan)Z o]-&3}to] Z43}9ict. &
AF-2 DNS(Dinitrosalicylic acid)H-S o|-&5fo] A5}t
ARE 554 S48 08, S4T Az 89 02 mLo
DNS AJ9F 0.6 mLE gol F= & oM 52 5 F o,
Aol Wt T 25 42 mLS U EHE 3, B
(Cary 3500 UV-Vis spectrophotometer, Agilent Technologies,
Santa Clara, CA, USA)E ARESEY] 550 nmoj|A] &3 s =
Aolo] LGS =459t Glucose(Sigma Aldrich Co., St.
Louis, Missouri, USA) E5 AFAS AHAJsto] S oeF
(%) AALstAT
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8ote] SRk LR AFe FH Badd] w2
100 mL9} 554 50 mLE £ F 5H510] 100 mL H A4
=

Ao 90 mL7HA] FRolS W
o] &3} & 4T EA7|(Digital Alcohol Meter DA-155,
Kyoto Electronics Manufacturing Co., Ltd., Kyoto, Japan)&
o1g3) 2T, L FFE LT TF 23] A48T
Z20d 30 mLE ]3], phenolphthalein(Sigma Aldrich Co.) &
o 2.3 A7 F 001 N NaOHE o] §3to] 430z
e w7kA] AAshs b AR F2 T4kl mg/Lppm)
912 erpgict

al
=

2.5 &%, YHM7 & RHA + FE

£ 5 2732 Kwon2023)9] ¥ olg3to] 23515
ot 8% 4 =740 Yeast cell counter(Luna-1Il YFTM, Logos
biosystems Inc., Anyang, Korea)gs AME-5I3T £4 "2
ubd2] A|RE cell dilution biuffer II(Logos biosystems Inc.)
1 A vgE Z3SF o2, Acridine orange/Propidium
iodide stain(AO/PI, Logos biosystems Inc.)& Z7}5lo] 102
S A20A BESAIRIT ¥hSo] dEEH S48 A 10

=" 0O

WLE BFSlo] 434S SSET LiAE S T 44
# 2732 NEE BFAOE SJAAZ the, IM petrifilme]
S48 A | mLE W% T #eI(SLIT00, EYELA,

Tokyo, Japan)ol] @1l 2-3Q47F viFSt F 3M Petrifilm plate
reader advanced(3M, St. Paul, MN, USA)E ©]-&5}9] colonyS
£7g5to] CFU/mLE YERIH. F¥HAlet <= 3M petrifilm
AC(Aerobic count plate), FAHE 4= &4 o= 3M petrifilm
LAB(Lactic acid bacteria count plate)S ARE-3}%itt.
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2.6. 27/ 24

S714F B4 S Kwon(2023)] ML ol 8te] 2795
Oﬂl:]— 4714 B4 post column HHES ARESte] HPLC
(LC-20A, Shimadzu Co., Kyoto, Japan)Z A5}t HA4
2L Table 19] EA|5FY . Columne TSKgel ODS-100V
(5 pm, 4.6 mm IDx250 mm, Tosoh Co., Tokyo, Japan)& A}
2519t o] 54T 2 8 mM perchloric acid(Sigma Chemical
Co., St. Louis, MO, USA)E ARE5IAL, HHEEHOZ 0.2
mM bromothymol blue(Sigma Chemical Co.)2} 15 mM
Na,HPO4(Sigma Chemical CO)Q]- 7 mM NaOH(Samchun Pure
Chemical., Pyeongtack, Korea)S 3t oA ¥rSAIZ]
S UV 440 nmojA QO}‘E&E} Flow rate= ©]Z5AF 1
mL/min, Y289 1 mL/min°|9, column oven?] &&F%= 4
0°C, W-§ |99 &L= 25°C, injection volume< 10 pLZ
3T} AlE= oJI}0.2 pm, Millipore, Burlington, VT, USA)
& 5 AgIAT

2.7. &Ax2/

2 Ao doj7l Aol SAA o4 Auk= SPSS &
213 (Version 26.0, SPSS, Chicago, IL, USA)< o]-&5}o] 3
3] A% Y FHEZHA(MeantSD)E UERSIT. 7t
Alg 7t o4 A8 FAREA(ANOVA) & F9J317F Q)
= FEI distolE tEHA(Duncan’s multilple range
fest) 0.2 p<0.05 20| A AR 7+e] oz Agete] weh

Skttt

Table 1. The operating condition of HPLC for organic acids of
makgeolli

Parameters Conditions

Instrument Shimadzu LC-20A

Injection volume 10 pL

Column TSK gel ODS-100V (4.6 mm ID x 250 mm, 5 pum)
Mobile phase A: 8 mM perchloric acid (pH 2.10)
B: 02 mM BTB + 15 mM Na,HPO,; + 7 mM NaOH
(pH 11.55)
Flow rate 1 mL/min
Detector UV 440 nm
Oven 40°C
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& 291 99 #9] pHi= 25°Co)q Mgt wrdel Rt 1L
Efi% Ayt wrdeofA pH7} o] A 7k AL st
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ERfil=d & AFoAE 1-3Y 2jo] FA3H pH7F Z4s)
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A& Zeloto] vl Bk Uetlle AE gRlsiyit £
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4.0-42F5 AAks 20 Ueht 2 A4} 5U A B

i

it YukA o2 uhAe o] pH Wk 139 xjo] F43] 1A
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o2 pH7t Fadthal gl A% 1L BESIGE Y f
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J¥d 29 ¢ v Iag vrde] o da 77l ohE 3
AFe] ATHE Fig. 2B] YERSITE 4R 6 A7HA] St
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glollA dAHOR FAto] Fraols AFFE Bt TR
799 Atolofl= tHE RS EAth W35, W4sE BE JF
SHAl S7FHA o €35, C45+= AHH O R Fadhe= 20
el 1 o] os #E FAF B4 2 9% U=
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Hart g wet A 9 A 59 BlAEC] o8 #
74ko] /g€, o] & QI W Z7of FAt T F7loH=
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Fig. 2. pH (A), total acidity (B), and amino acidity (C) of high-temperature fermented makgeolli. C, yeast La Parisienne (LP); W, yeast
WBO06. 25, 9 days at 25°C; 35, 6 days at 25°C then 3 days at 35°C; 45, 6 days at 25°C then 3 days at 45°C. Values are mean+SD (n=3).

o2 et BP9 FUYUCE ol E: oo AL fusel
oil#} ester 52| F7]/3E AFEAR ol§2 4= qlof 8%
AEolgtal A JAThKimd} Yi, 2010; Lee 5, 2021). Lyt
Ao g vrgd Axoles ©dlE £ aART opye o
4 Bofas, MRS EL So| ERE] It 2L A1Es
™ Jung 5(2018)2 F59] acidic protease T4J0] =& 7
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4 ol oJgt 02 WD, BE 62 Ao BE we)
o) FEE A% F7l5H: AT Uehis AL SS9 ¥
" 799 Aofl= 2Rl w2t G A7t U Ao 2Rl
Qltt. Kwak 5(2014), Park 5(2016)1} Seong 5(2021)9] &
FFE BT OE Fd= e Alm, Alx ¥ 5 et
olF&E B&o Ao|7} & A o' 7T Park 5(2012)0] w
=1 o] 18.43 °Brix7HA| 5715H3 Oﬂﬁ AH|A 7|5 B2t
oA gl disf 78 F 4718 LE 2 H4E UM, Kim
5(2024)2 11.9 °Brix7} 94 AL F 6.62F 0 FE =2 AH|A}

712 % H4E ol TaeoA w2 G £HA 7|32
2 IS T AR dEFth AY AFES 9 AR
£ A7IeA] &1 go] =28 kAo ZA A0l ABR} 7|5
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Fig. 3. Sugar content (A) and reducing sugar content (B) of high-temperature fermented makgeolli. C, yeast La Parisienne (LP); W, yeast
WBO06. 25, 9 days at 25°C; 35, 6 days at 25°C then 3 days at 35°C; 45, 6 days at 25°C then 3 days at 45°C. Values are meantSD (n=3).

o ARG a 79 2] ST S W3sTF Y &
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Fig. 4. Alcohol content (A) and volatile acidity (B) of high-temperature fermented makgeolli. Values are mean+SD (n=3). C, yeast La
Parisienne (LP); W, yeast WB06. 25, 9 days at 25°C; 35, 6 days at 25°C then 3 days at 35°C; 45, 6 days at 25°C then 3 days at 45°C.
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5(20222)9] 739 112
BACE BHEE ERlstio, B 22T ST E &
F& Yol "ojA= AZ ERlstioy 2 AFA
WB06-2 35°Col|A] ] =2 g3 TS Hehfio] b A3
< YEIH 85 ool 2 o BEZ A%
S JAYUES FFAT gEA qlon, A4y BE 4
FoflA A= Ao DAl Ay} aa P Ae
91E Er}(Hirasawa 5, 2007; Hu &, 2005; Phanm¥} Wright,
2008). o] = I3t ofu|lcAl o HE2 AEHA Hkg Ty
o] FHLS AFele, 2uHor IFL Heaalset g
7 ¥ 540 Ao gAE o] oghE Aol AAT & Ut
(Takagi, 2008). & 23 HA| AR thrlo] FQ37 FF= vl
Atk ARt g 22 hlF(HSPs) Ak oA S LA- o7
HHfsto] &S ERSHA|T, of= offgkE /el AR 4= 9l
+ oUAE AAAIRITH(Piper, 1995). Park 5(1989)2] Al
2, R0 Hof A% 2% A= 9gdet 2ty
Az 2/ Azt EAgsh, §3] 36°C o)dollA ofeZol 9
St A3f| Zgo] FA F7RRI. 13y Kim 52022)2 @77t
o] 12 Wart an Argo] YA FFZ AA vXA &
Lo Raelel, 120) Qo] BEHele AT Gasch
(2002)9] A= B AEHA S0l ano] A Id
HolE Huger), S B A 3 S7lekARE o
2 Ay B G EE Hashs o2 YEsith o]
2t A9 A5 SEOE o, 2 AFolA H&qt A
A SHL AR ofofF
2o LT oA o B FYFHA whEo], ZHOE o
AEE AL H 3A JARS AR AlRE
J¥d 29 ¢ v dagh vrde o da 77kl uE ¥
Fd Z3= Fig. 4Bo| YEFAH. TR0 4t oF
59 o] =2 A THRE AL Ffol
ik Aste PR LAEHUSS 2
ofgfal LA Qlth(Park 5, 2017). Ta 3Y Ao
2ol A AL Shgo] STk AS SlstSich &
foll= LP JF 2 zolA WB06 HE Zrad] ket 9
Fgo] wotth a7 Aol - 25°C A4 7t
S A S YEIglon 35°ColA THE =2 3T
T UeEtle AS gRlskalth Ha SR Y 99 A9
= W357F 7H) =2 kS UESlar waszt 7 2
ke UEtlE A gRlstalt). Park 5(2017)2 9=
w2 Aot 949 At SRk 58.53-88.20 mg/LE YE
o] 7t A2 & At ghgo] £ofj50] & ATt vt
BE HER U

TEE AYPeH] WAL LEgo] A
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o 4"

815} 2742 Table 20 Ve gich. A4 29 LP
Feloh WB06 1 BaTolA Roluie Aol gl
srlgfglet. Kim 5(20220)2 487 DLLEES 13
R4 §9H9 Holg B 5 glo] Uy La
O 912 243 Wiz 1e Wit wwd A
1449 gake 3A mXA) g Aoz Boltky B
o, 2 QTR e A% Geigl

e B A%, QulESE WB06 HE HE(1.30-
1.88 logjy CFU/mL)7} LP H% 121](2.67 logyo CFU/mL)E
o} W Uehgeh 9E 39 Aol BE uielolq Qe
27k FA5M F7Hete] AR SR Aol B 62 Ao
107 CFU/mL o4& vehli 2 Selsteley. B3 62 245
o GuAlRSE dashe 4% deiglon 12 wng
AP A4S DAF 57 A gashs AFS ekl
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9 3Y Ao A e whFE oA fAE ¢
7t 45 F7Fetl o, LP JE wrdeolA o =4 vet
Wt WB06 HE 2229 - 3-64Ato AR FARto]
AU} 2 7-99 Aol 255 A9t BE ubd ] of A
Aol AEEA gEHA e AL RIS Kim §
(2022b)9] 7% Tart XPHol| w2t fAE 7 Sk
Z(2.30-7.17 log CFU/mL)C & Yeh} 2 o1el= th2 Ak
< UEHom, Lee 5(2014)9] Hilo] = g 5YU A7}
A= FARtFo] F7tetARE 7Y AHRE fAkFo] FhAste] 2
AL} vt AFE YEFATE Lee 5(2014)2 pH 4.0 o|st
oA fAE 7t ZHAS AL E5] pH 2.000141= 1AI7E vjkE
8% 99% Abdste] 4bof oJsf fAF S0l A MR
Ao 2 Yetsitt. 3 e WS RARE AT A &
ol met 10% ot FZolA fANE 47} Aol Adke
Utiil B ysto] A8 S fARE A&l Zpol7t Sl AL
2 YEPJTHCheon 5, 2006; Lee 5, 2017).

=

3.5. FI/At gtEf

ggeo|A f74R Al UiH, 95t 231 o|F+= 5
[ ARC R, Ha F =] o) AHEH(Im 5, 2012).
J¥d 29 2 12 Fagt vFeo IR 77t wE {7
& W5} ZIE Table 30] YRR & AFolA=
malic acid, lactic acid, acetic acid, citric acid & succinic acid
539 §7140] AEEUT Ane Lm0t 314 T
#ol7h 27 vEpge.

Lee®}t Lee(2000)14 AFH F8 {7141 fAH 2 o
FO)AE succinic acid7} B2 d=Fo 2 Yephtolt A8H
auof w2 AolE HAH:. LP FF 2o M = succinic
acid §Fo] 0.74-114.47 mg/100 mLZ 71 =7 YEeRtoH,
71 o292 lactic acid(0-48.99 mg/100 mL), acetic acid(2.15-

2
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Table 2. Changes of yeast, aerobic bacteria, and lactic acid bacteria counts of high-temperature fermented makgeolli (xlog;y CFU/mL)

Samples” Day Yeast A_Bacteria LAB
C25 0 7.62+0.17°2% 2.67+0.58° 0.00+0.00¢
3 7.86:+0.06° 8.08+0.20° 7.54+0.47°
6 7.74+0.08™ 8.09+0.21° 8.14+0.18°
7 7.74+0.08% 8.32+0.17° 8.32+0.33"
9 7.50+0.07° 8.89-£0.06" 8.90+0.07°
C35 0 7.62+0.17™ 2.67+0.58° 0.00+0.00°
3 7.86+0.06 8.08+0.20° 7.54+0.47°
6 7.74£0.08™ 8.09+0.21° 8.14+0.18"
7 7.2340.17¢ 3.6743.21° 0.00+0.00°
9 7.48+0.08° 5.16+0.28" 0.00+0.00°
C45 0 7.62+0.17* 2.67+0.58° 0.00+0.00°
3 7.86:+0.06° 8.080.20° 7.54+£0.47°
6 7.74£0.08" 8.09+0.21° 8.14+0.18"
7 7.24+0.07° 1.6742.89" 0.00:£0.00°
9 7.2740.24° 3.33+2.89° 0.00+0.00°
w25 0 7.43+0.06° 1.3020.00° 0.00+0.00°
3 7.83+0.05 8.42+0.43° 3.00+0.00°
6 7.68+0.05® 7.64+0.15 2.00+1.73
7 7.56+0.21™ 3.44+0.40° 0.00+0.00°
9 7.70+£0.06™ 5.05+2.79° 0.00+0.00°
W35 0 7.55+0.07° 1.88+0.09° 0.00+0.00°
3 7.82+0.08" 9.08+0.23° 2.5042.17°
6 7.29£0.09° 7.16£0.15° 4.23+1.08°
7 7.50+0.10° 0.000.00¢ 0.00:£0.00°
9 7.5240.20° 0.000.00° 0.00£0.00°
W45 0 7.29+0.13™ 1.59+0.11° 0.00:£0.00°
3 7.44+0.04® 7.71+0.38° 0.00+0.00°
6 7.19+0.04° 7.26+0.24° 3.33+2.89°
7 7.54+0.06" 0.00+0.00° 0.00£0.00°
9 7.53+0.12° 0.00+0.00° 0.00+0.00°

e, yeast La Parisienne (LP); W, yeast WB06. 25, 9 days at 25°C; 35, 6 days at 25°C then 3 days at 35°C; 45, 6 days at 25°C then 3 days at 45°C.

DValues are meantSD (n=3).

YMeans with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).

35.26 mg/100 mL), malic acid(2.17-35.17 mg/100 mL), citric
acid(1.76-19.50 mg/100 mL) €08 =2 3FS HYrh
WB06 FE 9429 Z9+= malic acid 7.07-35.41 mg/100
mL, lactic acid 4.83-20.30 mg/100 mL, acetic acid 7.31-28.12
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mg/100 mL, citric acid 8.40-15.89 mg/100 mL, succinic acid
5.46-66.66 mg/100 mLY] THS Urehfoid o L Lk
oA FEFSE F7AE Aol EolAE A Helsknh
Succinic acid®= TCA cycle2 B3t Al $HA £4 347 o]
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Table 3. Composition of organic acids in high-temperature fermented makgeolli

Samples”  Day Organic acid (mg/100 mL)

Malic acid Lactic acid Acetic acid Citric acid Succinic acid
C25 0 2.17+1.88° ND 2.15+1.33¢ 1.76+1.92° 0.74+1.29°
3 11.54+0.45" ND 6.18+0.80° 6.20+0.77° 33.81+2.90¢
6 13.73+5.41° 19.76+11.53%% 8.59+1.29" 4.41+0.68 79.80+5.41°
7 8.57+1.24° 30.74+1.94° 11.34+1.35° 5.02+1.51° 91.94+6.39°
9 12.21+3.30° 48.99+4.94° 17.00+3.42° 4.46+1.63° 114.47+6.92°
C35 0 2.17+1.88° ND 2.15+1.33¢ 1.76+1.92¢ 0.74+1.29¢
3 11.54+0.45" ND 6.18+0.80° 6.20+0.77% 33.814£2.90°
6 13.73+5.41° 19.76+11.53" 8.59+1.29° 4.41+0.68" 79.80+5.41°
7 28.66+8.11° 18.64+7.72° 27.89+1.61° 8.69+2.22" 90.52+1.65
9 32.73+7.42° 20.16+8.43" 35.26+3.89 18.05£1.27° 94.80+0.91°
C45 0 2.17+1.88° ND 2.15+1.33¢ 1.76+1.92¢ 0.74+1.29°
3 11.5440.45° ND 6.18+0.80° 6.20£0.77% 33.81+2.90°
6 13.73+5.41° 19.76+11.53* 8.59+1.29° 4.4140.68" 79.80+5.41°
7 30.65+4.71° 10.7242.84° 16.463.01° 9.14+1.37° 81.39+1.40"
9 35.17+4.26° 14.81+£2.92° 23.25+3.01* 19.50+2.95° 85.58+6.33°
W25 0 7.07+0.18" 4.83+4.83° 7.3140.66 10.68+1.53" 5.46+0.12°
3 10.88:+4.09 12.5543.94 8.5243.05° 8.59+0.79° 15.93+11.73*
6 8.1742.12° 8.88+1.90% 7.7140.57* 9.5740.42° 14.04+8.52°
7 10.98+5.45° 12.00+5.00%° 7.1242.03° 8.40+2.09° 14.50+11.75°
9 9.7742.23* 11.86+0.69% 7.12+0.01° 10.01£0.47° 12.93+8.85"
W35 0 21.42+6.57° 17.90+4.00° 13.64+0.78% 11.94+£2.25° 38.27+14.15°
3 12.72+3.20° 8.52+1.85" 13.31+0.69% 16.98+0.56° 37.95+10.50°
6 23.29+0.36" 20.3042.66" 15.57+2.23" 14.7242.62% 49.11+1.88"
7 25.7840.98" 17.04+2.33° 12.411.19° 13.03+1.55 52.13+1.79*
9 21.14+2.86" 19.65+1.46° 13.70+1.57% 15.34+0.21% 51.66+2.47"
W45 0 33.40+0.55° 17.2442.01* 13.85+4.98° 14.57+1.48% 65.36+4.31°
3 35.41+3.00° 16.59+0.58" 27.64+9.48" 13.06+0.17% 66.66+7.22°"
6 30.34+5.52% 12.06+0.36° 28.12410.03° 15.89+2.29° 64.32+13.57°
7 24.68+0.08" 12.89+0.03° 19.59+0.83" 12.24+0.34° 47.12+0.54°
9 29.85+3.36™ 16.17+3.14° 15.76+6.86" 13.95+2.94% 59.43+9.47%

C, yeast La Parisienne (LP); W, yeast WB06. 25, 9 days at 25°C; 35, 6 days at 25°C then 3 days at 35°C; 45, 6 days at 25°C then 3 days at 45°C.
YValues are mean+SD (n=3).
Means with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d>e).

F82 aHo| osf FHHK(Cho} Joo, 2014; Hong¥} Ko, ERAAAITE WB06 BE wHEagdAe 12 IR E At o
1991). Succinic acid= &RH 0|2 HPit] LPS FE3 Aol =& 3k Uehflch 1 919 malic acids 2E
Ao A succinic acid T 25°C7F 7HY w2 RS U g2 AgE Ue f71402 44 QthBang 5, 2016).
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Acetic acid= 1|0l $A] B> YIS F= AoE ¢HA A
omj wAeEe] 38 {74 F StUE LA Sith(Bang 5,
2016). Citric acid= 94| Hao] 293t pHE AlgohH 9
4g Fulo] £2 B2 B0 tkBang 5, 2016).
Malic acid, acetic acid, citric acid= & R9] 2]} 2}o]S Ho]
7l A, Fart Agdd wet AAo® Frkshs AR
= UEHH ofzfet A2 124 E s aR7F AET
w2} citric acid, malic acid, succinic acid= A2 Z75FA| 4,
Kim 5(2022¢)0] W= f4het9] e pH Ao ThE
At] WA Q] o3t FFoletal Harste] fAbgto] AFES
of w} lactic acid AJ/do] 3tEE AFE HY A=, UA
ERRtE Aol e AWE AR

4,

12

A AARCE FLIE, ALIS F7 AR 5718t
© FAI% dEo] 22 WHOONA ofAutehg 2BZ(EU7Hs
=)E 75 drlme] tih A9 4ol S4tE . o]
2 37 EdEd 95 2 dFolbe AreE F7IsH &
oA =& 4ot il W2 dIE | A E Al
SHAF SFA. 5 d=oAE TRt HhEA AP H o
g 2 7HAd AgwS UEL, &2 A4 ARSH
2E vpAlEf o= 10 °Brix Wol2 YERgt ES, 5T
A2 AR B €& /o] wi=A BAH ] Ta v
2 ol 10% ool ¢Ee IS Uetdie Ae skt
5, 75 2 A=e AT A 9ol SE5e] 2R s

9 B B

Jis =
g g 79 o}y AW A9 Y| Y AL F
St & AFolMe e ATl B2 ARE ol8shke

SAlol A JFEE Alofste] AR BE oA st
AHIE Aot F3E BYFE S04 okt E3L 2R
o] 4FE BT BHE HAE AAIsH] fs 12 AYE
Sttt olof| tigt AIHE ERlsH| ol BE tRTE AT
810l La parisienne, 2% UIRFZ 25°CoOA L Was A
stk 2, AU Aols] 915} By el Hast g
5 4l gt RolastkS driste g3t HEE 51
o} E3t R g3E Aol AdfEe 2 242 3] 9
3ff 25°CollA HE & 6Q AFE 25°C, 35°C, 45°COlA] X 3ys}
™ £4 HIE SRlstqinh. 1 Ay}, 25°Co) A X3t 6 &
7HA] BRo Aaglo] 929 pHY} astH FAtE= SVt
St oL, ofm|icAl S -9 4Rl Aol & HolA] oottt o
W o g ubde] A& A] opu|iAl o] FTlol=s A A
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A= A5, Tl Baf7h stA] gko} ofu|iAte] 7=
oJFA|A] Gk Ao Wkt v o g dIe A
auo] 9gt zol7t A YErHT gTE B0l F
WB062] 3%, & 69U A7HA] g ghgo] ot I whet
o gkgo] LP ¥% wrdejict o gefo] =7 yepdtt uhd
T2 FEIF AFEEA AR EIE o] IAEE A
QIgh 4= o W3sT & dego] FUkske A EARl
Stltt. 271 g Aol o okl AdejollA 12 Iart
Al WB06 FHE 929 HF 43 ol o WA Ue
Woh B3 12 Ha s E5) aro 4I2 FAL oA EH=
9 §R9 Bdee 2 ¥ gl AeE yeit 49
A9 12 HaE Bl uUt Aot gl AYTE Aurdy
Azx7} 7Fsst Ao AtmHrh
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