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SENSY FENFHSY LEIIBNEY

Abstract We compared the quality characteristics and enzyme activities of nuruk inoculated with
three molds-Aspergillus oryzae SU-Y, Lichtheimia ramosa KJ-WF, and Aspergillus niger JA-B-in
ratios of 0:1:2 and 1:1:1. The nuruk produced with the 1:1:1 ratio was selected for black barley
makgeolli production due to its higher saccharogenic power. We produced black barley makgeolli
under various conditions and compared the characteristics. The alcohol content was highest at 180%
water content, 0.5% lactic acid, and 25°C. As fermentation progressed, pH, total acidity, sugar
content, and amino acid content increased. Alcohol content surged from 0% to 11.80% by day 3
and continued to rise until day 12. Organic acids, such as citric and succinic acid, increased sharply
initially, while malic acid decreased. The total free amino acid content increased over time, and
the level of y-aminobutyric acid (GABA), known as a bioactive compound, was 128.30 pg/mL. The
aroma component patterns were found to change drastically from day 3, and the aroma profile
gradually evolved as fermentation progressed. This study serves as a foundational resource for
optimizing the makgeolli production process, emphasizing that the quality characteristics of
makgeolli vary with fermentation conditions. By adjusting these parameters, the potential to produce
makgeolli with enhanced quality is demonstrated.

Keywords nuruk, makgeolli, quality characteristics
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et BRI whE B, A, Y 75 A2l YRR 3o, ol
FEOIU A4S = ¢ a4 54 S 742% Zﬂ gt g2 2971
Sth(Jung 5, 2021; Lee 5, 2013). w42 war} XloﬂElL EOH—: FFolo] o5t g3t an
o oIt 0‘3% Havt dojyiz HPEIFAFo|t(Lee 5, 2021). A9 FHS HE 43
g T2 24} o) AE S0 g AYEly) E5) 93 T4 gt 1y 472 uhE wHgolA
ZREBg wtde dRof #ojshs BE RS ATo] FRAIHM Holsle wAgEo] 283ttt
£ HojA dut 2704= O E EE53F F0]E 244 Hrd(Jeon} Lee, 2011; Kim 5, 2007; Song¥}
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Park, 2003). stA|qt 22| 9] F-814 Fol| Aolle nAE o8] Wart WFE & 7] g&E
o §-% 717t 4 27| n} viay 2 ad
o] Qltk(Bae 5, 1990).
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S st A2 5o AR theFst v
£o] HWAIgt 0= o|Zfgt A rES Ay Ao AHES
1 = upde o gt} o] FEME o oy AArE &
A B4 5a grie #AS, dE Fol EjbYsto] AlE
#AHS FAISH] olFH(So 5, 1999b). WEpA A7 717t
2 24 EA #H3K(Ji% Chung, 2012), S&A 2 A& 24
of £ Autdziel £4 EA ¥skKim 5, 2017), HE 22

glo] A% = guel He] HskMin 5, 2011) S uhdel9]
£4 5282 93 24 54 B4 A7t 5997 Uk wt

W, NEFREL EXSE Tgo|E AEF Y79 dYdoz H
% = HjFoto] Azt Aog A= Hste] 2] F
07} oA, AlE 2ol wdsHA FAEE ol ot
(Kwon 5, 2012). Lee —(2012)oﬂ w2 d A2 B8] A
PrEg A9 1 7579 P19 Aol P4l YIS
FL R gepo] folzoR Eokon], W B4 EF o
6}% ST 915k P A8 AT U ol
Aol BBo] G8 P2 UYEL ol 5 A=
]g 83 35 o] m|Egt AAo|th(Im &, 2014). T
5% AR Fol 7SR Bol vjgEo] Y
A £3fo] FASHE AF Aio] 47 ook, +5 B AFF
4 B2 130k tfet A7 Bag Aoltkso
1999a).
el g4 o] 9FOR, SuelE uEY 44 Be
L gut BEETh AR} Fols, SOD A &4, lecithin AFs}
Ao &5 5ol woH, 53] & E2HE e, & AEA

ohd gego] Zreo]A 7] Uehdthe A7 23t nus

e} >~

=i

A

ohlo g g2 to e g
ji‘
i
A

1:1]— 0101 7] O %_,] /\ZHE _9_]-,9_01- )\ 010 740; EO]E]-
(Jeong 5, 2022; Song &, 2005).

wehA] 2 AFolAE geleo] ST 58 Bl 352
vt Bl &) wet gitslo] 5 Zﬂﬁ"io} I, 54 Y S3E
Solo] WAoo HaAR APe 2 Ax 24S A5
o} 183 A e 552 ol8sto] SR A E Ax
stol 54 Rate AAslolc

ol2 B3l $8 BHoIZ Teslo] A|xT =) WY

=
SARAY AT 1A S oEele) A FsAe
shelslaa} a9l

2.1. =5 HZE

Ot 33015 Eoto] AR B9 752 AE £
9 A A o] 951l Be EAE £2 Z0E oY
A UTHNAS, 2017). & AFNA =5 A Zo AM&SE F0]
e TN Sdsdyete FarksAEelA &9

3 20| % P5ieo] 945R Aspergillus oryzae SU-Y,
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Lichtheimia ramosa KJ-WF, Aspergillus niger JA-B 3502
Agstitt(eong &, 2022). ZF 80| #FE= 5% L7&
#lxjo] FEsto] 26°C, 120 pme] ZAOE 5U WG F 2
7+ 10° spore/mLE ZHS A F4S 2313}01 A. oryzae
SU-Y:L. ramosa KJ-WF:A. niger JA-BS] H|EE 0:1:2, 1:1:1
oz ettt o] wigel A%t %‘71% Hﬂxl“ &
S E415t9] 20 mesh A2 BHAZ F, 7 100 mLo] 5
£ Witk 11Cal 1587 1Y Ak Agaistc

(Choi 5, 2011). AEA du2+ 927 43 td =55 A
Boto=tl, Y59 244 FEoNE &0 & H=E Egt

TJ'E A A (A2 5042, 208) H FAHAZ 404, 20i2) Al
Zho]| gt=o] A&t &, A% A|=-7](Mini-15, Yaegaki Food
Co.. Hyogo, Japan)oll X2l 9k27] @3} chdl 52 9
Hl&(kg)E Yl I 2A 4lojFHA] 35°C7L E wfj7HA] HJ‘%*O}
k. o710 £t 8ol A=S AR 1% (vivy7t HES
-5kl heat®} fang 2Eot0] 36-40°CY 225 FAAIF
ok 20417 & 13 FA71E o1 SAIRE & 2% HAE
slol B0k T2A WFHES shatck. 23 F47] 16412
T ARE AL, 2350 SOCONH 24417 Bt AZA
A ARHELTFH)E 20°CoA Estis SEe] uhde] A
Zof AR&-skSiTh

59 54 B4 S fIste] AxT 5 10 g 0.5%
NaCl(Junsei Chemical Co., Ltd., Tokyo, Japan)E X3}5l=
10 mM acetate buffer(pH 5.0) 50 mLE 7}5}aL, 5°Cof|A] 124
7t oA} A&Slo] o]& oA (Filter paper No.2, Whatman
International Ltd., Maidstone, England)2 ojZ}3l A& 284
Ho = ARESIITE A B4 AL 8 84 FY 7IE
(Kikkoman Co., Ltd., Chiba, Japan)E A}&-5}0] a-amylase,
gluco-amylase 2 acidic carboxypeptidase &S FJHFH 0=
=7gto 2 A=,

MY

2.2.1. a-Amylase &4

o-Amylase AL BEA517] 95to] g-amylase =4 7|E
(60213, Kikkoman Co., Ltd., Chiba, Japan)g& A&ttt 714
91 2-chloro-4-nitrophenyl 6>-azido-6°-deoxy-B-maltopentaoside
(N3-G5-B-CNP)= a-amylase©] 2J3] £3fEo] 2-chloro-4-
nitrophenyl p-maltotrioside(G3-B-CNP)2} 2—ch10r0-4-nitrophenyl
B-maltoside(G2-p-CNP)7} A7]=H], o]&2 EAEHo=Z
713t gluco-amylase®} B-glucosidase©]] -JOH —,L—OHHCﬂ 2-chloro-
4-nitrophenol(CNP)7} EIt}. o] CNPE 400 nmof| 4] #FFs}o]
o-amylase %}Aé_% é.x%ﬁ]-_‘& ‘:},1'/51] o]r,]—. 7] XLQ_OH jq. _@'_/\_Q_OH_Q_

(o]
7+ 0.5 mLA 233 93 | mLE A|Ho] E510] 37°C
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2 SAAFH. ©
uv Spectrophotometer U-290 0, Hitachi Co., Tokyo, Japan)
£ AR&3H] 400 nmol A FF =S S50 Blanks 71E
L3 §48HS 7F 0.5 mLY Y2 ¥ 1 mLE 37°CO]
A 1587 7125t T b2 A XN 2 mLE Hrste] &39St o
& 2E29 01 mLE Fol SUsH] FF=S ZFelget |
umole®] CNP7} AdE A 1 unit2 F2Jsto] G4 S (U)
< of WA oZ AESHth(Shirokane, 1996).
U(units/g) = (Bs - Eb) x 0.179 x Df x F&&
Es: 27 AR FY=
Eb: blank9] T4
Df: 7% Alr9 34 Hig

2.2.2. Gluco—amylase &

Gluco-amylase /3= =A4517] 9ot G2t &4 7|E
(60211, Kikkoman Co.)& A&} th. 7] Q1 4-nitro-phenyl-
B-maltoside(G2-B-PNP)7} gluco-amylase % o-glucosidase©]]
9J8f| EsjE]o] 4-nitro-phenyl-p-glucoside(G1-B-PNP)7} A7)
=4, ol AA8H o E H7IRE p-glucosidaseo] 2]sf| Hof =]
o] 4-nitrophenol(PNP)°] Et}. o] PNPE 400 nmoj|A] Ao}
o] galEle =435l Hhioldh 7]ALHT} FALHS 7}H
0.5 mLA Z3RE A | mLE AJgo] #55t0] 37°CoA
5E7F %t T2, 0.1 mLe 24N W1 wHlslo] 37°C

oA 1087 ¥FEAIX] & WIS AH 2 mLE F7ksto] WhE-&

SAANF olF F8E S48 Ao ¥ -E—*%Eﬂ](HltaChl
Co)E ARESte] 400 nmolA FF=E 45t Blanks=
718N} HALNRG 7t 0.5 mLY B HRSH | mLE 37°C
oA 1587+ 7F23t & ¥R A mLE 7lste] S5t
O 2849 0.1 mLE g0l 3YsH 8= S4sH
1 umole®] PNP7} AAE AL 1 unitZ FoJsto] 4 &4
Uy ofll WAACE AFESHI T (Imai, 1996).

_._IO
)

U(units/g) = (Es - Eb) x 0.171 x Df x F&& x 144.6

Es: 54 A8 §3&
Eb: blank9] T &
Df: &7 AlR9] 3|4 Hj&

2.2.3. Acidic carboxypeptidase &

Acidic carboxypeptidase &S X517 ot acidic
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carboxypeptidase =% 7]E(60219, Kikkoman Co.)E AME5
At 7149 carbobenzoxy-L-tyrosyl-L-alanine(Cbz-Try-Ala)
o] acid carboxypeptidase®]] 2J3l] £3]E o] L-alanine°| AJ7]+=
H], o]+= alanine dehydrogenase©] 2J5f| H-5=|o] NADH7} Ht}.
0] NADHE 1-methoxy-5-methylphenazinium methyl sulfate
(PMS)& FHIAIA 460 nmol|A] AZF}o] acidic carboxypeptidase
< S4sts TAolth 1 pmole®] NADH7Z} AJAHE A&
1 unit2 AoJsto] BASAYU)S oFf BHA R A&l
(Suzuki &, 1999).

U(units/g) = (Es - Eb) + (Estd - Ec) x 0.1 x Df x
x 28775

=220
TEE

Es: 24 AR9 T34
Eb: blank9 T4=

Estd: #5249 4%

Ec: &4 blank9] 4%
Df: 74 A&9] 34 Hi&

2.3 582 8tze M=

Qb AR 53} Saccharomyces cerevisiae Y204 AR5
olgste] Tl WS Axsteh % - BAEE Sug
S447128 A8aIgoH, el A4 B 208 455
7] Q5te] 715(160%, 180%), A A71EH0.2%, 0.5%)°
O SHEE 9485 ARSI 20°C, 25°C & RZA
daste] SHY e AR 4 38 240 0E S &
A5lAct FURQ 512 625 g2 AHFIIL 1647 B9 &
o) % B WIS @ O 14K B SAle] BHe 1R
FHISHAIE AERIFA A" AA9] TR zRd] SHe T
625 glf} ZP7EE 10%(62.5 9F B & AlofE T, AX
g 2 10%(62.5 912 9 71 160%(1 L), 180%(1.1 L)
of I2A AHojFQieh. 27] Ha F F+t 29 WA
93 ZAKFUIIFILM Wako Pure Chemical Co., Osaka,
Japan) 0.2%(1.25 mL), 0.5%(3.125 mL)Z 21, 32 Ao] 1
3t FH(6.25 mL, S. cerevisiae Y2040)E 1%S do] & 4o]
S 20, 25T SRS AT, T A2

SHE 125 gof 12 10%(12.5 9= DT 180%E 7}

(225 mL, v/w)3t TS, 2’4__71: A% 1%(1.25 g, S. cerevisiae
Y204)5 9L AR 2, 25°Co A 397 HREAR] AS A
231900}, Wwazol4 e WAzl Agap W]
‘Q‘f}‘_ 5 .37} o]—;‘djr,} 111;10” lﬂ”\] ;(101_7_ E} g 27
(O e A g M s e iE)Oﬂ oE vde]o] 4 S4=
RSP Sishl W 2] HE SN 19T U
Rojnd TG AT B4 BH0) ALAL.
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24, 5592 93 HE FH HF Y 4 HE

EEREEEE B EESIOR UESEEERER
Az EHE) TR 20 ket S5571F 10%Q koS
F RURE Agolo] AZINAL, o 2o JRE] H7t v
2 2 Az S ol FUsP] APshelnt Wa 7128 o
499 Y B4 P Slslel 39 2408 A5, 12
A Ao FEE FEIFO0 RoIUT ol SHe 9
o 52 BHo] Agier.

25 583 4z Y 54 24

2] 100 mLo]] 555 40 mLE Y1 AZAE
Ty &, Z27|(VAPODEST 200, Gerhardt,
Konigswinter, Germany)& &35}t S5 80 mLoj| 5%
4 20 mLE Yol &35t &, Y9 4(DMA 5000 M, Anton
Paar Co., Graz, Austria)g ARgoto] &TFE SRS =451

.

252 3k
ol gt wpdz|e] # WS YEA(PAL-3, ATAGO, Tokyo,
Japan)o| Hoja] A z3t wpde|e] g SAAT

253. M

o] 75t @42 1 mLof| 1% phenolphthalein(Daejung Co.,
Siheung, Korea) A|A]9F 1-2 W& "o{x |11 0.1 N NaOH
(Daejung Co.)Z 35} ZA5}ct. odf, AH|E 0.1 N NaOH
|99] KmL)Z citric acidZ FAFeto] FAES 4351}

2.5.4. O]t

o3t 222 10 mLof| 0.5% phenolphthalein(Daejung Co.,
Siheung, Korea) A|JA|2F 2-3H-2-2 Hojxg|1l 0.1 N NaOH=Z
A5t t}. of719) A formalin(Daejung Co.) &9 5 mLE
7Kt o, 0.1 N NaOH §H 02 &34 o] H3AZ w714
Q7geto] 28 Ahg FSFSHoE] A9 0.1 N NaOH §e]
SHmLYS glycine FFO 2 FAIBAT.

25.5. R7|4t

o5t 942 10 mLE 4°C, 12,000 rpmoflA] 1587 L4
E2|(CR22G, Hitachi Co.)dt &, A5HS FHolo 0.2 um
membrane filter(Millipore Co., Burlington, MA, USA)& of1}
Slo] HPLC B4 93t A|E& AFR35l9Ith HPLC A|AES
Prominence LC-20A HPLC system(Shimadzu Co., Kyoto,
Japan)Z ARSI T, B4 AYL TSKgel ODS- 100V(5 um,

https://www.ekosfop.or.kr

4.6x250.0 mm, Tosoh Co., Tokyo, Japan), column oven 25
= 40°CE |-A59t). 0] 5402 = 8 mM perchloric acidE
Ag3tol §4L 10 mUminOE RIS} A2 FUFL
10 uLZ 3}o UV detector(440 nm)o|A HE5I Ty EE&
H2 0.1 N HCI -§90f ojgfiop &2 {74 #EEES 831
oto] A3 thg, HPLCE B4 & REIAS Z4doto] 7t
F7ATS AT,

ffo

2.5.6. |lot0|eit

o1kgt 9bde] 5 mLo]] 5% trichloroacetic acid(Junsei
Chemical Co.) 5 mLE Y1 4°C, 12,000 rpmoj|A] 1557F ¥
Apelelol A5AE SRaAT. R A 002 N
HCI 1 mL & 2 mLE 7}olo] & =0]1, 0.2 um membrane
filter(Millipore Co)2 ofselo] B4 A28 AZshgict 24
71713 Amino acid analysis system(L-8900, Hitachi Co.)2 A}
25111, B4 AHL PF #2622(4.6x60 mm, Hitachi Co.)&
ARE3FITE Column oven 2%+ 57°C, reactor 2T+ 136°C
2 dAoly 9 golo g2 Yslo| = (FUJIFILM Wako
Pure Chemical Co.) €92 ARE5TT

2.5.7. Mx13 24

U 7148 24 Slsl oot SEe] 2] 5 mLE
ARF EAE vialo| Y11 AR}F (Heracles NEO, Alpha MOS,
Toulouse, France)2 o] 83}e] /1442 BAsIgt}. A=
Al 2Elo] 290 5,000 uLE §< 1.0 mL/minC 2 395}
W, A B F 53 W] 2gekn B4 Yozt
MXT-52} MXT-17015 AF8-5}] 2 flame ionization detectors
(FID) BHSISIT, & 4 A0S 12022 50512, &
A A LR 27] 2% 40°CoA] 80°C7HA] 2 1°CH &7}
stol, 0°CHREE 29 30K Z7hhe WO R 250°Ce] &
2% b BASET §7148 B4 2T Alpha MOS
At A Alg= =272 AlphaSoft 14.2 ver. softwareS 0]-&
oo FAE B4 (principal component analysis, PCA)T} A&
o peak TS WE RS AE P 5 BT By
2 Qs

258 A &4

A% A= SPSS(Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) B4 Z21-& o]8st] -4
A(student t-test)?} LHujz] FEAHZA(One-way analysis of
variance, ANOVA)S AA5}9 1, ARE AA S 2= Duncan
7" (Duncan’s new multiple range test)S ©]-&5to] F 7t

o th% WaE AAEAT.
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3. 2L ¥ I

3.1 75 H=

2 AFoAe SH HEeE Hash] A 52 5%
of Higt vl = A xstglon, wigt Bl A APALE
S AAsFA. A. oryzae SU-Y:L. ramosa KJ-WF:A. niger
IABO] B2 0:12% FEele] AZT FR(A 15)0) H
o= L. ramosaZ} $-45k( AL, WelF I3oll= 4. niger7} &
Esto] BAS LehSlT), A1 717bo] AEA 12
Bof 4. niger®] X7} Hx} Z71519T) 4. oryzae SU-Y:L.
ramosa KI-WF:A. niger JA-BY] H| & 1:1:12 FZ35}o] A
£33 F5B +5)9 HHE 0:1:2 B EE A3 +5L 5
ASHA L. ramosaZ}t S48IAT. A= 20 +5 HHol= 4.
niger7} BRSH7} A= 71710] ZAuetol whet 4. oryzae7t A
At F7vsto] A=t FRt= L. ramosa®}t A. nigerBtt $-5t

L A2 AT 5 Atk

32 75 g4 24

29] g-amylase, gluco-amylase & acidic carboxypeptidase
29E 543 Z7E Table 10 Uepct AstEe et
o-amylase?} T E518-S YEFY = acidic carboxypeptidase
4L B FREN A F5A o E94AINL, a-amylase 24
9] 9] FEL p=0.5830.2 |3t Z}o]& Holz] it
9312 UEHYE gluco-amylase B4-S B F-20)4 § &7
S ol2fet k= A FEOIAM drAR] AL
= YA JoH, A& 33 Aol HHE IS she e
E 4 A oryzae®] 37} HI&2 Alolof] o3t Ao g Y7
o, 4. niger® AZJ F70| 45 L E dFoE Al
25 50| vlo] Y2 24 Hglou, Tl B2 {9
Aoz it AF 23 FARITHHuUh F, 2014; Kim
S 2020). ¥ protease®] B/ F72| Frlet HEHT gof

Table 1. Enzyme activity of nuruk manufactured with different
starter ratios

Nuruk Enzyme activity (units/g)
(starter ratios)
a-Amylase Gluco-amylase  Acidic
carboxypeptidase
A (0:1:2)V 86.52+20.66”7  504.15+4.12 3,106.74+152.10°
B (1:1:1)? 76.16+21.80 544.24+16.97  2,192.52+168.95

UThe muruk prepared by inoculating 4. oryzae SU-Y, L. ramosa KIJ-WF,
and A4. niger JA-B in a 0:1:2 ratio.

IThe muruk prepared by inoculating 4. oryzae SU-Y, L. ramosa KI-WF,
and 4. niger JA-B in a 1:1:1 ratio.

YAll values are meantSD (n=3).

YThe asterisk in the same column indicates significant differences at
p<0.05 by student t-test.
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Hofst7| mizofl, 7 Ax Al ©<eo] Ba /o] & S+
2 ARG AT AT YL Qe B B
2 A2 FE FwZ ANESh= Aol A &stth(Jeong
5, 2015; Kim 5, 2020; Park®} Lee, 2002). WatA] A. oryzae
SU-Y:L. ramosa KJ-WF:A. niger JA-BY] HE&& 1:1:12 FZF
Sto] |23t B 752 SHY wHdY] HRE At YRAE A
#af o] Atk weElen

3.3 =582 5Z2 FE 54
3.3.1. Olgety EM ¥ sH2| 9tde] M= =AH MY
Az 274 gasto] A2t S wda 9 olglstd &
4 B4 A= Table 29} 2o} G 25°Co)| A Ea g 92
oA FoHoZ ¢ £9t1, B FE502 A X3t HAgEot
A F50 =8 A X3 wbde9] pH7t o W A= o w2 A
o & Yehth o] B9 A F52E A X3 ubdeofA n]Ay
Eo] o3t a7t o JPEHAISE 5T = AUoH A ¢
£ AHEo19E EY B FES ARERE o EFE 3ol

S & U o] o5& o|gste] WS
A|zsto] A2(15°C) E AF=2(25°C)0lA LHaT A, A
19| B A= IR vs| Ha 271 22 FUTL ¢
SEE A7I7HA oF 3u[9] AJTto] A2QE|QloH A2 X
At B {714 & kel H A4 SAEHAL R

S 9 25| gHeko] B A F7tskithe A 23k
FAFIATHKIm &, 2012). ]2t Afol= 2&=o] wet Hjk
of A% 2 ¥ 1Y £271 2, 25 vPEY g3
|, 4k dg, 24 EE 9 71E 23 tiAb ARE] thAL 140
T @I 771 diol 70 Aol o gETh EE, 7k
ZF 160%, ZAF 0.5% A7 AR 7153 180%, A 0.5%
A7t 2708 Az SHY whPo dFE go] o =
ATt a4 B et St ke W, B 755 ARSI
< o By IS o] ¥ 2 A0E EQEo SH
2] e AZRE Y5t LaAZ A oryzae SU-Y:L. ramosa
KJ-WF:A. niger JA-B 9] H] &2 1:1:12 3Z5}to] A% B &+
52 Agololy, SR Y AR 20 ¥R 2% 25°C,
7FrEE 180%, R4 H7FE 0.5%9] 27102 F A4 sHlth

o iy o

i or ™
N
= o L > o uE

==

O

I3

w
w
N

Ha| ardeg|o| wg 7|Zto [ME 0|3sty EY
urdelo) whg 7|7hE =
A EAL Table 33} 2t} pH
| et pH 3.9894] pH 4.242 ThAh 27
3Fa 2719 0.29%P.ou M2} Z7)sto]
Aol 0.50%F UEH T ol F4t9] S7t= R

2o
oX,
e,

X
Mo

—

r

oy
%
ot
o,
pack
tlo
&
i)
i
o |
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(
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Table 2. Physicochemical characteristics of black barley makgeolli according to fermentation conditions

Fermentation condition pH Total acidity Alcohol content Sugar content Amino acid
Nuruk Temperature ~ Water Lactic acid © ¥ g &
(starter ratios) (°C) (Yo) (%)
A (0:1:2)Y 20 160 0.2 3.78+0.00%  0.44+0.01° 10.13£0.06' 7.43+0.25° 0.07+0.01%
0.5 3.89:0.00" 0.32+0.01° 10.78+0.03¢ 7.60:£0.44% 0.05+0.00°
180 0.2 3.73+0.00% 0.43+0.00° 8.80+0.10 6.83+0.23" 0.06+0.01°
0.5 3.83+0.011 0.33+0.00° 9.57+0.06 7.97+0.23% 0.05+0.00¢
25 160 0.2 3.77+0.01! 0.58+0.01° 11.27+0.25° 8.43+0.21° 0.08+0.01°
0.5 3.96+0.00° 0.40+0.00° 11.63%0.15° 8.47+0.06" 0.07+0.00"
180 0.2 3.710.00' 0.58+0.01° 10.57+0.06" 8.00£0.10° 0.07+0.01%
0.5 3.92:0.008 0.41+0.01¢ 10.53+0.06" 8.07+0.31* 0.07+0.00"
B (1:1:1)? 20 160 0.2 4.08+0.01¢ 0.27+0.01" 11.63+0.06° 7.43+0.12° 0.03+0.00"
0.5 4.08+0.01¢ 0.25+0.01’ 12.37+0.03¢ 7.40+0.10° 0.03+0.00¢
180 0.2 3.97+0.01" 0.30+0.01° 12.40:£0.01¢ 6.87+0.15° 0.030.00°
0.5 4.03+0.00° 0.24+0.013 11.16£0.01° 6.87£0.15 0.03+0.002
25 160 0.2 4.24+0.01° 0.29+0.01" 14.5620.02° 8.50+0.17° 0.05+0.00°
0.5 4.25+0.01° 0.28+0.01¢" 15.01+0.01° 8.37+0.15" 0.05+0.00%
180 0.2 4.14+0.00° 0.32+0.01° 14.79+0.06° 7.93£0.21 0.05+0.00°
0.5 4.19+0.00° 0.27+0.00' 15.110.01* 7.77£0.06°% 0.04+0.00°

DThe nuruk prepared by inoculating 4. oryzae SU-Y, L. ramosa KJ-WF, and A. niger JA-B in a 0:1:2 ratio.
IThe nuruk prepared by inoculating A. oryzae SU-Y, L. ramosa KJ-WF, and A. niger JA-B in a 1:1:1 ratio.

DAll values 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>f>g>h>i>j>k>1).

Table 3. Changes in physicochemical characteristics in black barley makgeolli according to fermentation periods

Physicochemical characteristics Fermentation period (day)

0 3 6 9 12
pH 3.98+0.00" 4.03%0.02° 4.14%0.01° 4.20+0.01° 4.24%0.01°
Total acidity (%) 0.29+0.01¢ 0.47+0.02® 0.43+0.03° 0.50+0.02° 0.44+0.01*
Alcohol content (%) 0.1620.00° 11.830.04¢ 12.810.02° 13.04+0.02° 13.48+0.01°
Sugar content (°Brix) 2.27+0.06° 9.13£0.12¢ 10.33+0.12° 10.57+0.06" 10.830.06°
Amino acid (%) 0.02+0.00° 0.04+0.01° 0.05+0.00" 0.07+0.01° 0.07+0.00°

DAIl values are mean£SD (n=3).

Means with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d>e).
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oA 0.68%= 7t F7Iok=s AdFe Btk 9= 5 A2
I8} amylase 28] OJsiA] A& AL 22 AR EAIR
BAE T THA] glucoseZ EAETH EH glucosex= LTS
H50] 7|4 ol &He F8 HELE A9 Yavt XY
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43207 AP TUOE ALT S92l A 4
717kl 7] A %*4 ATt= Table 49+ 2t} v 3Hy
=0l *@"éﬂ 714k 2de 9 At 9 2E pHE 2745
], £3] lactic acid, citric acid 2 acetic acid®] o] 2t ]
9] AAAQl U AASI= =8 874kl Aow dEA 9t
(Lee 5, 2009). 39 ¥tg }4of|A] malic acide= 79 U=
7238 (malo-alcohol fermentation, MAF)©] ©]3[j4] alcohol
2 AZEW, Lactobacillus sp.2} Leuconostoc sp. 51 22
EX AAF9] U2 ELE (malo-lactic fermentation, MLF)
o 95} lactic acid®} CO,= H3= 7= SHH(Coloretti 5,
2002; Lerm G, 2010; Liu, 2002; Volschenk G, 2001). Lee
£(2011)°] w=ZH MAFS} MLF7} & 435] o]Fojx|H FAo
B3 HZFdo] 3= acetaldehyde?] AAZE FR9
SH7F A EHA Harg Bf Qlof, AA7HA = MAFSF MLF
9] &g P T A4-=50] o]FojA| 1L 3 tk(Balmaseda 5,
2024; Nguyen 5, 2024; Vion 5, 2023). ¥ H3Lo| AL malic
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IR 3 5 MAFe MLF7} A435] o] o232 ot 4
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25 g/L olste] B2 52 HEEHYHIm 5, 2012;
Lee 5, 2009). Wala Exa] obdelo] vhg 7]7F 59 24
Asl7b HAYSEA] koS & & AT R4 F R
A 6Y AHA| F7totth7t 99 AHRE zF AT 7
AR BFE 5 Asto] esterfob 22 ] B4 o]-EH
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9] gn] FAof| o] 8= US Aolzta AdHTt(Jin 5, 2007).

T rir

< e

2
o]:oyé—.—'oﬁ
o ™
=09_L'
s i,

N

13

D R D
1

rir 1
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AL AT 5= UG ol 5 ol Tdd Faff &
49 Z-gow HaA dwll Wit =5, d] 9wl FHE
o] gl do] Eafso] Felotn| it AR U2 AT
Stt}(Jeong 5, 2000). BHa 7 AR 12Y A} 7] leucine,
lysine, phenylalanine, glutamic acid, citrulline, cystine,
proline©] 200 pg/mL o139 &2 IS Hetidl=dl, 1 5
leucine, lysine, phenylalanine 229}, glutamic acid< 724,
prohne~ S Y= AEo]1, citrulline, cystine F-0jo] 2
7, SR g &uto] 4%t #WY Aol qEH &
3] y-aminobutyric acid(GABAY= Z-8-55-9] ]9} Ao &
Aots AFALED T PR =] ARE 7HAoto] = o
A Fd R & At 59 AEAR o] 8H7]%= 5hH, o] £of
= A% Ast Ay, Wy HE 24, U5, ¢=5 M 5
ol Az Z4L Ad Aoz LA SIrkAoki 5, 2003; Jin

=] W7} Yojd 2= 9l 5., 2013; Lim¥} Kim, 2009; Okada %, 2000). Kim 5(2020)

Table 4. Changes in organic acid content in black barley makgeolli according to fermentation periods
Organic acids (g/L) Fermentation period (day)

0 3 6 9 12
Citric acid 1.9440.23D 3.10£0.08" 3.60+0.03" 3.52+0.02° 3.56+0.03"
Malic acid 2.22+0.06° 1.46+0.02° 1.55+0.02° 1.48+0.02° 1.49+0.03
Succinic acid 1.26+0.05¢ 2.08+0.03° 2.31+0.04* 2.22+0.06° 2.24+0.05®
Lactic acid 4.65+0.03° 4.47+0.07¢ 5.01+0.09" 4.8540.11° 4.79+0.11%
Acetic acid 0.1520.00° 0.2240.00° 0.22+0.02° 0.2120.00® 0.20+0.01°
Total 10.21 11.33 12.69 12.28 12.28

DAll values are meantSD (n=3).

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

130

https://doi.org/10.11002/fsp.2025.32.1.124



Food Sci. Preserv., 32(1) (2025)

Table 5. Changes in free amino acid content in black barley makgeolli according to fermentation periods

Free amino acids Fermentation period (day)

(hg/mL) 0 3 6 9 12

P-Ser” ND? 29.37+0.06% 29.59+0.09° 32.68+0.13° 34.6240.12°
1MeHis ND 1.98+0.10 2.30:£0.05° 2.73+0.13° 2.88+0.02°
3MeHis 2.63+0.25" ND 9.59+0.07° 7.46+6.46™ 11.35+1.14°
a-ABA 27.77+0.39° 69.46+0.32° 84.63+0.26° 84.63+0.26° 106.70+0.50°
Ans 9.86+0.41° 39.04+0.23¢ 49.39+0.73° 62.42+0.61° 70.08+0.16
Arg 54.87+0.21° ND ND ND ND

B-AiBA 14.66+0.09° 54.18+0.18¢ 61.1140.24° 69.94+0.26° 74.10£0.27°
B-Ala 11.39+0.16° ND ND ND ND

Car 4.37+0.00° 25.56+0.17° 28.2940.16° 33.56+0.41° 35.7240.33"
Cit 83.16+0.49° 314.20+0.79° 348.67+0.15° 412.05+1.02° 438.76+1.47"
Cys 50.1420.34° 138.29+0.27 171.77£0.07° 216.620.90 244.54+1.00°
Cysthi 5.49+0.11° 14.3120.08° 16.97+0.10° 20.73+0.04° 22.48+0.13"
EOHNH, 6.41+0.12° 14.63+0.06° 16.42+0.08° 18.46+0.10° 19.57+0.06°
y-ABA 31.2240.24° 64.30£0.17° 50.72+30.10* 110.42+0.45" 128.30+0.38"
Glu 60.07+0.48° 209.44+0.55¢ 233.5620.30° 262.23+0.79° 264.63+0.90°
His 20.08+0.41° 57.83+0.41¢ 67.49+0.02° 82.64+0.26° 91.60£0.29°
Hylys ND 6.56+0.08° 7.21+0.04° 7.96+0.18" 8.06:0.04°
Ile 27.61£0.30° 66.74+0.16° 85.67+0.01° 109.44+0.28° 125.66+0.49"
Leu 56.77+0.37° 180.88+0.41¢ 230.84+0.47° 298.36+0.98" 338.90+1.20°
Lys 32.57+0.36° 152.13+0.26° 190.17+0.12° 236.93+0.79° 262.150.94°
Met 15.73+0.12° 66.48+0.16° 83.01+0.18° 104.74+0.40° 117.28+0.49°
NH; 10.44+0.11° 20.41+0.14° 22.81+0.27° 29.00+0.03° 32.91+0.22°
Om 4.89+0.14° 23.90+18.23" 3.23+0.05° 3.74+0.03° 4.03£0.06
PEA ND 6.5240.04° 6.58+0.00° 7.41£0.26" 7.8120.14*
Phe 41.69+0.40° 117.32+0.23¢ 147.13+0.38° 190.66+0.66° 220.32+0.73°
Pro 105.01:+1.44° 354.81+0.81° 383.92+0.44° 439.21+1.91° 471.46+1.47"
Sar 14.62+6.55° 57.68+0.55° 69.5140.41° 79.27+0.14° 84.15+0.85°
Ser 22.42+0.06° 66.45+0.15° 76.47+0.04° 97.15+0.35° 108.350.43"
Thr 13.07+0.09° 47.61+0.06° 55.97+0.07° 68.09+0.15° 75.16+0.24°
Tyr 44.38+0.45° 102.360.08" 127.28+0.19° 159.00+0.77° 180.90:£0.55"
Urea ND 64.54+0.84° 65.90+0.55° 75.05+1.62° 79.68+0.69
Val 3.27+0.04° 27.61£0.04° 30.51£0.01° 35.96+0.09° 38.21+0.06°
Total 774.57 2,394.58 2,756.71 3,372.89 3,700.36

Dp-Ser, D,L-O-Phosphoserine; 1MeHis, L-1-Methylhistidine; 3MeHis, L-3-Methylhistidine; 0-ABA, L-o-Amino-n-Butyric Acid; Ans, L-Anserine; Arg,
L-Arginine; B-AiBA, B-Aminoisobutyric acid; B-Ala, -Alanine; Car, L-Carnosine; Cit, L-Citrulline; Cys, L-Cystine; Cysthi, L-Cystathionine; EOHNH,
Ethanolamine; y-ABA, y-AminoButyric acid; Glu, L-Glutamic acid; His, L-Histidine; Hylys, D,L&allo-Hydroxylysine; Ile, Isoleucine; Leu, L-Leucine;
Lys, L-Lysine; Met, L-Methionine; NH3;, Ammonia; Om, L-Omithine; PEA, O-Phosphoethanolamine; Phe, Phenylalanine; Pro, L-Proline; Sar, Sarcosine;
Ser, L-Serine; Thr, L-Threonine; Tyr, L-Tyrosine; Val, L-Valine.

IND, not detected.

DAl values are mean+SD (n=3).

“Means with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d>e).
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Fig. 1. Principal component analysis (PCA) plot of aroma patterns of black barley makgeolli according to fermentation periods. In
the codes listed for formula; BO, B3, B6, B9 and B12 stand for fermentation period (day) of black barley makgeolli.
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