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Abstract: In this study we investigated the effect of temperature
on the two-stage fermentation of Makgeolli using uncooked
germinated black rice. The fermentation processes were
conducted at 15°C for three weeks and 25°C for 7 days. The
pH of Makgeolli at 25C increased from pH3.0 to pH 4.2,
which was consistent with that at 15°C . In contrast total
acidity of Makgeolli at 15°C was about half of that at 25C
(0.36% and 0.59%, respectively). By the 7 days-fermentation
at 25°C, 11% of alcohol was produced, whereas three weeks
were required for the same alcohol production at 15°C. In the
case of sugar contents, the amounts of total glucose-equivalent
reducing sugars and glucose increased at the end of the
fermentation at 25°C up to 2.25 mg/mL and 3.4 mM,
respectively, whereas those at 15°C were maintained at very
low levels (0.18 mg/mL and 0.1 mM, respectively). Such
limited supplement of sugars at 15C seemed to affect
metabolism of yeast, resulting in different composition of
organic acid. At 25°C, citric acid that was 73.4 ppm at the
initial fermentation was consumed completely, whereas
20 ppm of citiric acid was remained at 15°C. In addition, acetic
acid and lactic acid in Makgealli at 15°C were 53% and 14%
of those at 25C.

Keywords: Makgeolli, germinated black rice, low-temperature
fermentation, two-stage fermentation, organic acid
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)= 3, W 5o AvdS Y8 ofal, aAE
A FEE 7] HaAlRl EUS EESHA A -2l
vt 310 dgTrolnt. whdes Ul el gl A
o] Tl v} 28 hR-8kal QLS WE ol 2} lysine,
leucine 2] Frotu] At 9 glutathiones TFg SR8kl
o™ [1], AlEst BhE o] 255 slaAATE 71k
Shekal QiTk [2]. ol#s HAR]e] 7154 2 JkA
Aol dHA|HA Bl o] A7 gl thet A7
w31 glowm, wAe]e] 7554 ZEx|e] st ¥ilo] Szobx|ar
AT} [3-5]. ARbA o= whAE o] FAL dFE 5k, TAL,
F71k, JE AR 1l fusel oil 5ol &5l A4 EH M, o]
QAEL T, daEd, aAe] T, W A =21
of upe} FA Eebxic) [6-8]. olEet utde] FHo F2
Q91 7k B Foll AE = AR AlEe] Al 2
2% pHE A3, lactic acid, acetic acid, ! citric acid
T T AR A 9 EEFo] uhde] ] HA|A Q] vk
ARzt T3 7s= Fasitt [9-11].

HE & o]Q)9] avl, S T 9EE ARgshE v
Az Azzel st AR ope} 75 Aol the sh
=] Sli= v 9 v E o] &gt ubde] Az A7 X8
a3l QIrk [12]. YR O 2 drl= 240 7t wia]e
H|3l wro}l whu|mch Gl Al BIERT] (B1, B2, Lolobal),
Zrgpo] ol druo] Qlar A Felle dAksh 9 &t a v
7} Sl EAE $HekaL Itk [13]. et Enli= W]
Hlal ' dg g el A wjgEe] Arksks dakel o3t sl
folsHA] o} AL Ha o] FHEE APsHA At 1
o drlE A 259 Boll §7F WolAlA vh= ol

=
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79z oprlelobAlE mlEslo] wolel o th
/] ok ] 7].QEE o}‘u] )\]- 61—31;.. EE 7(‘]1— B
S 271ekan, 24jo] dsislo] 9ol fkel 2 go]
olsk 2 ok Avlel wls) whde] AR AGA) B
$8S 7R [12). APl A2 FApdle] o] =
cRRE fm) 7} A3 glopd, Ze)g] ¢ wle] ]
o],o:] o}‘u]i_ b’l—?ﬂ:o] 7_(;'1_7 o].u]f_;ﬂhﬂ ?Sl—a]:o] uLo}‘ 7<1—7]7].
3L [14), @A 2 B} S TP QhEAlohd A
/\n/\e 6‘1—0 5k lou;] 15 ]g/d /H‘ﬂo] y—amlnobutyrlc
acid®] g 4_i wsIc} [16). ol2l S0
s o £kt el it Se)e] A A7)
QAW om [17,18], FE4 SulZ o] g3fo] Az v
Qo] el agell e @7k e v Sl [19)
A2l U‘Zelﬂcﬂl JREEE Slsnle 100 CO]*U T
%1% olgdle] AR SN FAREE At of
Frgella] kol Eoke Tkt "é%hrol ) 3L HE A
A 7HEFE FRkskEE vhde] o] FAlof Y wiAH,
SAtl Bk o] Anfel TAbE S vA] WZsof
Sh= 37do] L?LH_E FoAE o] &% e Alxrt
A=A [12,19]. ZP g}l HEolA el F w
nEdE ﬂoﬂ A& Ao Azl AREE = A2 Ey
42 4~10TCE] ZiiOW Fold e ek TaEs 21
sto] $PEA A71dRe] B4 WAEkaL, TRkt o] x|ty
ARrEEe] FAJo] Adtka e} vlwste] HEpAHA FrlE
A ks Zlo® A it ol d At aedS @
A 2R =] v Az el 8w v Al
o] ke F"—ﬂi WO, opA7EA] A 2kg g g ol Thgh
Szl ATk Bl Aol
H cﬂerq]/q }\ﬂ 7]__13]_4 017-0] tﬂ—o]_,ﬁu]E _‘O,E]_JE_L
2 3o ¥ ZXMX* slo] oAk e abde Fal v
S Alxstal, daaby B4 Sl o] 45249
7VFe d& BRdskarat sigict, mEgh kg whA|e] 25 A
oA el Aeste] a1 Ao)7k 7k 0 Brde]
/HH 2/\}0}03;}

O\__L_

gu

NOFO::,[‘
M'm

2. 4% R 9y

2.1. A4S

= Ao AR “#7231 Alzg A5e1 olsr|= ()]
ool PRI, Y ZETA Gl Tt
AHgSIicy, T2 wokEvle] 35l 508 919 P
7Hakl,~ﬁ€7_ AAaA 2 AFxgws 721} sl= _Q_—L(T)

W), B LT AN 1sto] AHgat,

2.2. 942 A=

oS 20-25 Czoll 1ARE 5= AR 5 4]
IARE SRt B2 W F, 78 mA) = Eajsto] AReat
Stk 15k Egol AR Wi ol88to] e ot
SuZbEE &7 Hokeh Bpde] AlRs fs vl =S
Table 12} 2t} A& E 9l 2 L %&4 olFAPA LA

]%0}03_1_ 223 (RW-0525G, Jeiotech, Korea)
q o) Adste] Lt oA TEaE XSt

2 ‘?fﬂ A5 15Col 19k Eel o wE s 77t 7
4%‘ Rt 21%%}913}. g2 el A2tas= 25C
19 EE 1Y, 20 HEE 6 Bol XsYeioic). W
4““ F 7%t 71}7%‘3 Al (100 mL)E AF sk, A2
A EE 200 mesh?] AZ EEE2S A7k, Hojxl ofol
3 F el Fach.

é£¢mw
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Table 1. Component of raw materials in Makgeolli brewing

Stage Materials (g)

1% stage Koji 240
Nurook 4

Dry yeast 0.6

Water 200

2" stage Uncooked germinated black rice 600
Nurook 3

Enzyme 1.2

Water 900

2.3. pH Y 34+ #F 53

NE 10 mLE v]o)7A o] @ar wHHA|Z]HEA] pH meter (S40
Seven MultiTM, Mettler-toledo, Columbus, OH, USA)&
o|gsle] pHE FAHsIt. T4 %2 0.1 N NaOHZ
27dahaA pH7.00] E wW7kA| HOH NaOH% (mL)<&
=743l & vkl sleF (%) o7 gikslgict

24.93& ?1’%“-“?_‘-’-‘1

8 918l AR 75mLet B 75 mLe HAE
gra Asha, Sekaaw 70, 7| Ee ﬁzﬂom
$l8ked 43A] (DSA732, DYS Co., Seoul, Korea)S 3 mL
st 57715 Balel somLe sipaisict. 15 o
o] 5 7kl HE Hu7b 100mL7) HEE 3 3 15C
77}74 REE A é‘ HolE v FAIE ol 83t k=
Ejv]_ Gay- Lussak®] AR E o] sfo] o572 ks

Agsteit.

25. 399 AF

A Ao F Y 2 dinitrosalicylic acid™-&
st SAsA 20 AFH $ s S8l 84
A4S AAS A& 0.25 mLoll 0.75 mL9] dinitrosalicylic
acid &5 7kate] & Aol §, B EoM TROE
537k 7}?5_0}914. 2Bl BZAZL $- 200 pLE 96 well
plate® %71 ¥, microplate reader (VersaMaxTM Molecular
devices, Sunnyvale, CA, USA)S ©]-8351% 575 nmolA| &
FEE S Inds iﬁz‘%ﬂi ol-gsto] A«
B o] gsle] S8E SR Egks Ao R St
sto] FIATFS ‘/]’E]W?i‘:]'.

2.6. 23 JF

ubde] Als ] X5 S glucose oxidase 2} peroxidease
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9] coupling assay 'S o]gste] SA3IATE [21]. Al
25 uL$} chromogen 8- (glucose oxidase (0.33 U/mL),
horseradish peroxidase (0.25 U/mL), 12.5 mM vanilic acid,
and 1 mM - 4-aminoantipyrine) 100 uLE 413 37 Cef|A]
30+ HES-$F -, microplate readerE ©]-8-5197 498 nmoi|A]
FAEE Z4e9ir, ¥R BeBAR oo e
2 S FYE G Eey BRI Tigfslel A
ol e o ARt

2.7. 7714 £4

714 7418 TonPac® ICE AS6 column (9 x 250 mm,
DIONEX, USA)¥} Anion MicroMembrane Suppressor
(ICE-AMMS, DIONEX)”7} %2 high performance anion
exchange chromatography (HPAEC, DX-600, DIONEX)&
©]-8-32AT}. Regenerant®= = 5 mM tetrabutylammomium
hydroxide & 2A4E 0|85} 5-10 psi 92 ©=F suppressor
Z FsIeltE. 882 0.4 mM heptafluorobutyric
acidE ARE3I 0 7452 1.0 mL/min® 273151t =
71= conductivity detector (CD25, DIONEX)E -85t}
Acetic acid, citric acid, lactic acid, & oxalic acid ¥F=2
< ol&ste] A FFAE FEl AR W IR SRS

Agshict.

3. 4% R v
31,45 A7)

A o] 749 A7k 75 W gAlEAe] ofgh il
TREsl] S5e7F SAbE el nlE) el uE, g S
AZE e 4 glom, o kg Fso R lE) Ak
7 57t =olAA nAES] 29o] A = Qi o] st
A sldst] flete] SRR el Aspergillus kawachii
£ AFsto] vt Y=mlE FUERE o] FE Y an
(1= Z5F the) 212) 33% (wiw) 2 0.5% (w/w)) & )
15 2 E Wagho 2 g oo pH 7Aas feste] §

g 27)of] Ao &= Sl Alere] Wals WAskar
AL 33Tt BAle] Yot 2 F5o] Aehs Gl 23l
=)o) Bl Frfjsle] &5 F2lol B3k G| ¥
& golshA Fomm, Gl 2nk whae] F st g1
SAE olBollo BN FRARNS WS 4TS T8
& RGeS 19 as ARSI (Fig. 1). 2% 2ael
e olEn]E Amgk 3 1A B9t AXS AL 1417 o1
ek S AR F WATIE ol gste] wAl Hot 7
2 ARl ARgSIol o, W o] 218 flal] Al 9 F
S5 wolEn] S g 21} 0.5% (wiw) 2 0.2% (w/w)
g 712 A7Iskleh. Al o] 749 25Collx] skl
om 1Y Bk 1w HEE Al on, 6dzk ot Wk
183t A 2ge] 79 Addae] vl war]
to] Eojunz 15T HazoA 1 2as d5d
2k, 2%k Whae TY oA 251 HEshaA] Hanhy
eI

=X

o offt (L

Koji 1stfermentation stage Nurook
1day at 25°C
Water 7 days at 15°C Dry yeast

Amylolytic enzyme

Nurook

Germinated black rice
Soaking & Dehydration

Water

2nd fermentation stage
6 day at 25°C
14 days at 15°C

Fig. 1. Schematic diagram of Makgeolli using uncooked germinated
black rice.

3.2. A3 A2t ao A gd g ) FAE 9 pH AS}
pHS} AF=2] W= kg laAkeke vlelsh=t] 593t @
Qlolth, F4] olake] =8 pHE #te] 99 7FsAlo] Ho}
ez A% F5 o]3ke] pHE F-A|8lofof gt} 2 A3
M= 15 TE A §lHuE ARSI O PR §l=Ai]l 4.
kawachii7} AAR= 7 1AE0 2 Q18] A2 ol AFHlg of| A
3] 15k 2g FHEE] pH 3 F23) 2% W99 EAks gk
< YERIRITE (Fig. 2). 2% WEE So7iA pH A2 U
gl 338] pH 4 0% Aksst 5 a7
FAE S AR o2 WulE o] g3t e o] pHi= 3.4-
4.2 F=EolH [11], Kim o] 7oA S0lE o]8sfo] Alz=st
ubd2] 9] 79 pH 3.35-3.89¢4 wra dFY ¥ pH 4.72-
5.11% 4533t [19].
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4 - -
- ¢
+ - 0.5 —
B £
'S
14 <<

2ND stage i

0 4
0 5 10 15 20

Fermentation Period (Days)

Fig. 2. Change in pH and total acidity of Makgeolli with uncooked
germinated black rice fermented at 25°C (a) and 15°C (b). Black and
white circles represent pH and acidity, respectively.
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AbE o] 749 A g oM 2w Wk 27 7kK] ok A
S35 0.5-0.6%= 5418321 (Fig. 2(a)), ©1= Kim &
o] F-FAF S| E o] g5t Az whde] o] Ak Azle}
FARFATE [19]. 9 2@k gl s 1 wha Fetols
T3] SR, 2w whE Al By SR Q1
3]A90]] 2Jalir] FAEETT 0.45%0114 0.24% % A4t 5 vk
FEAATIA] 0.36% 2 “Fssiolort, gl wis) dnk
0] AE = YeRJQITE (Fig. 2(b)). o= Atz o= wg
o] ziggo] g Aj2ukg oA {74k Ado] AsE 7]
o 2 ek Qle

3.3. A3 AedacA gd e | ¢3-& = As
WolZm)E o] g5t Ak 9 A2t g aPyela] daEsekl
H3R= Fig. 394 2tk AR Al 11.2%7H4] Ld520] A
Hoon, A2Ag s M F 37 das w5
Tl dFE HE (11.6%)7F o 71K Th Song 52 o
A} WolEn) = o]-g3lo] AkeojA] whde] AlFA| 2% W
59 R 15%9] dFZo] BAESE=T [12], ol Has
aYH o7 o]HY] fJdl Yol W3hu] 4l HiEdo g 23|
A5E g7} B 2E) A7) wiEo g ke
Adkg A 2wk Ba s Sol7baA Al &gt dFe gt
FO] AT AlQletals A 9 A2 wha 3] 43 I
o] A&HA o7 Tkl on, 5e das WSS 7
2o WEEA] eodt), o] U Wolsh] U HEe]
wall7F s A Fgkom, Hhg r)ike] A F3
F7HQ1 dF8 AAS R8E = Q1S ofvldit), ok
F7F BOF S A S AL Whg o) A LulF o] A
2}zt S o 1.78%9) 0.57% = A-2ubg oA oF 3ul 71k
w2 A WY A A7) Gyp dgo] st B dvie
FE] F5A) wolSm] o] Aeutkg 7|7k ©ES Qe
W GAEAR S 5T e kS ol
ojof 8k Aoz eI},

12.5
10.0 4
=
= 7.5
(=]
=
<]
o 50 4
= | > 2ND stage
2,5 I_) —8— at 15°C
2ND stage —0— & 26°C
0.0

0 2 4 6 8 10 12 14 16
Fermentation Period (Days)

18 20

Fig. 3. Change in alcohol contents of Makgeolli with uncooked
germinated black rice. Black and white circles represent the
fermentation at 15°C and 25°C, respectively.

34. A LT FLL N BE Y BT L G BY

e g ool I o AR A, A,
A, O B W S oftt. wE]e] A gale B

1k 2kgolA Astel Gyt A 2IEEA ghedddo] 7
Aoz FrvsH= v, 21k wha el #5490 Jaike
O Q) A, o]Fte] S7ER <18l o] STtk
e Bt} [12,19].

T} olEnE o] gt kg Ul ALkg I ol A

7S

oL
of i

1 5 skl W 2 =wde] Wish= Fig 40 Yehi]
& AR I S o] 8slo] IEd T Gk
O 7 YER It g2 Hal] B9 1wk | 3l ovk kg
7] (L 57 SRl e ko] Xz e
2 fasitt, dasrlel AoleuA e
srefo] 747} 2.25 mg/mL % 3.4 mM7HA] S7Fehs A ERS
YERHSIT (Fig. 4(a)). ©l= 2 S717H &5.2] 54
g kg7 gilehA e r e waaby 5 ARl EellE
ol A E= FEo] An|EARE, g S0 ojEHA
A AR 727t 7 g2 714 amylasel|
olal 7hralE]7] golehes WA 2% g 27
of vlal shlwde] YLt WA AL g o) gk
Fo] FAE 7] WEO = oPdaict. weE gEe]
< FEA FEEE glucoamylase 2] EAdel o)st v
ST A 7SN A EE ] Yo 5T H245
TESIS Zlo % o). o] st hte] Wzt A3k 7]
£0] win] gl doldn| S AR R Adolx] syst uhde

AaIg el Aol Ak Aol [12].
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;: 1.5 L 20 E
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S E L 153
_g = 1.0 1 g
SE - 1.0 S
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@ + =
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5§ 10- 3
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Fig. 4. Change in reducing sugars and glucose contents of Makgeolli
with uncooked germinated black rice fermented at 25°C (a) and 1
5°C (b). Black and white circles represent the contents of reducing
sugars and glucose, respectively.
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U (Fig. 4(b)). o= A dgapdel] o] 4'{2 i
9] 3 2 0 el vl 8 A1) 9 ) vk
A8 S} o)) el 0w fRsgc 09 B
A AR (2 7D BEle] 2] Sk 2l
i;é:L?_D]—B]: 1 oo 81—31:0] Z¥z} . 18 mg/mL 4 2 0.1 mM

Foz FMugIom, Wh FRAW AR TS
St ol was] FUEA oA WolEv]E A9
A amylase©l] 2J3F A0 Zt el et A A
AREozHE Az Ahue S W o] 2 E BYE=
ELEe] A STt dars dwe] osf Wo] AHlEE
Sico] gl =gtk Zle omlgit), webs A2k a
- 2dbsel vlal 21 a3k Sk GHEo| ¢ A5k
7“_3 Tadee & T AT

oﬁ
O

4

3.5. A3 Aredta oA vt g ] |-7]4F = WSt

JutA] o 7 ‘217,4_11101] s f71aF 5 AR vhde]
nof] £ 3 HMX]“F LAk} AR v ] gl &
Xl 1 Oéf%“—a njx =2 ubde] ol f7Ake] 2407 gk
o utdg] FAe 2 A9l IS Fh[11]. Hlo}zu]‘;
o] &gt v wa vy F AFE Tr7m,] T W=
HPAECE o]g-3fo] #4519 0 A= Fig, 50 eI
o} 15k g TR Aol AL Akukg ol 3]
=nlol| 2= A. kawachiioll 2814 citric acide] &)
s3It (242 53.7 9 73.4 ppm). A wHE o] A9 2¢k

HE7F A citric acid®] TS HASH 4 ”\0}04
26 g 1Y Folli= HEHA 23U (Fig. 5(a)). W w4

2 9] Aldke]| #oI3h= acetic acid$} lactic acid2] SheF
A S7Kslel i sUA) 217 38.0 2 52.1 ppme] A4
om vy FRAE7A 'rrxlﬂoq‘:} o] AvjzHE 2tk
ul—ﬁ_y]. zlsﬂguﬂ}q §_‘§"J -;L;q] 7‘)\1 u] ol—:,'i ul— oﬂ citric
acid7} A=H| =™ AP 9k 7‘“}‘%}8-7 t OEL—T—,—% g ol &
Alell F3BE L QIS5 & = ATt vk e ukE Ash=
I A ) oxahc acid 9JA] acetic acid ¥ lactic acid2}
AR Ao 7 Z71s1e] 41.7 ppm©] 742ﬂ°q‘:]r Lee 5
2 Tl FEEE wEE AlE Ul A4 224945 tartaric
acid, pyruvic acid, malic acid, lactic acid, acetic acid, citric
acid ! fumaric acid 5°| AEHS M, citric acid”} 7P
werom, 77 &0 2= lactic acid, acetic acid®] A= W
O]’E}'.L Rkt B3t tartaric acid$} pyruvic acid 5%
P AJgE = ] AR HEEOY[11], # AT
of Al Az o} Zn)E o] g3t uhde]oM = HEEHA] &
k. olggt R71AE AdR-e] Apoli= FUES! Wm| e} o}
Sm1)e] zlolof| ogt Zlo = ket

A2 g o] Ae Addachs g 1w warit
QF acetic acid7} HAEA] eFgkom whg FHAF A=
20.1 ppm®| HAZEE2NOH, lactic acid®] T JA] A2
7ol H]OH SR 77 ppmo| HEF O] Akae] vis) 24zt
53% 2 14%°] Z33I0T) (Fig, 5(b)). EoleHAIE 20t kg
.J_7]0]—r§_ citric acid’} AL AETHA &2 AFeubg g}
= g A

BollM= oF 25 ppm 2 A8 gl
Ao e oFo] HEHUT Oxalic acid 2] B4 743>

At Ad2dgel M B FARSIIT (Fig. 5). A0 23ake

F71Ake] o2 Xﬂ%‘f’a‘gﬂw AA HEHSeH, o= F
2be 27983} Fole Adel ). oleid 4714k gkl
72].0]‘— j\:c]— m a%ul- E_/Hoﬂ/q HELZjlgl_ ‘1‘9‘]:”'_8_01] _/];5].
JElﬂ-_/] xq]a}x% 50| B_J} ol5778- vl 9} 3k X5}
= gk 2akka 9 vle 23} gk diabey
o g 7] Wl Aow opgEc
(a) 100
—&— Oxalic acd
—O— Citric acid
E_ —w— Lactic acid
(=% —f— Acetic acid
2
=

0 1 2 3 = 5 6 7 8
Fermentation Period (days)

(b) 70
—@— Oxalic acid
60 1 —o— Citric acid
g_ T —w— Lactic acid
o 50 —4— Acetic acid
T
S 40
]
= 30 -
c
o
g 20

10

0 o— T T T T T T T
2

4 6 8 10 12 14 16 18 20
Fermentation Period (days)

Fig. 5. Change in organic acids contents of Makgeolli with uncooked
germinated black rice fermented at 25C (a) and 15°C (b).
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ZAdol kS m|H T} E3] acetic acid) lactic acid] S5
o] 7HAisliglom, wAe] ] Fule) F2 IS wIA|= citric

acid®] o] a2 Flsigint.
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