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Abstract

This study investigated changes in the quality of the Korean sparkling rice wine, ‘Makgeolli’ prepared by independent
two-step fermentation and stored at 10, 15, and 25C for 91 days. The contents of total acid, volatile acid, and
amino acidity increased as the storage period and temperature increased. The total acid content was 0.14% on day
0, and 0.33%, 0.35% and 0.40% at 91 days of storage at 10T, 15C, and 25C, respectively. The pH was 3.86
on day 0 of storage and tended to decrease at all temperatures over the storage period, but the soluble solid and
alcohol content did not significantly differ. Color significantly differed when stored at 15C and 25T (p<0.05), but
not at 10C. Consequently, the quality of ‘Makgeolli’ was altered during storage for 91 days, and the change was
more rapid at higher storage temperatures.

Key words : Makgeolli, independent two-step fermentation, storage, quality changes

N B upe] AZGIAE GYRLRE o)§e et A2

Sk PekRyu, 2014). ShYELE | fEAel F

Sels 32 ol RS YRR St HEAR Rl URE, 4Rk AR Y 3 9ES Ao ) 3
29 A1golo] MEOAIL WRFE ARYL o) FHE AL o) A Fgol 5 PR AEAA Au] 3

o] gk YSkadkel o) olslo] o WYHT o] . ol% nYE 2%o] Y= Frhleong 5, 2015). weA F

£ B0 o) #7128 gejol dgw AWV Y Sjelg GANY F ARS HSnR 0 B ) e
o] Ao Yoluk W= EEFoITKSon 5, 2011). g vigsiol 34 54 ol B 4% Ao= f3Et

W, £ YEY F DYRLEL oot YIS WES  WURLR PAOR WEoAE J|EY urdeel

oz B SHaA7|= w07 &S Alg Tho| 9}\% Aspergillus, Rhizopus, Mucor <5 52| B383012} Saccharomyces,
Aot 22 SuE WE H ARE FFok= w4lolnt g Pichia, Candida, Torulopsis, Hansenular < 52| a%8}
L9 &5:4%0] o]y HAlOoZ HIE L TIFFQ] &2 T Bacillus, Micrococcus, Aerobacter, Pseudomonas <& S-2] A|
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70| AEE 4 Utk " FEe= 8 Sk ol
1"8=0l osto] wFdeo] ehfEo] = R FY A2
a7t 281, Fetoluh ZANFOY o5 Fufiut Atufx]
A7) E71eR= EA1Fo] Qlth(Lee?} Rhee, 1970; Lee
, 1991). o]e} Z-2 FAIHL f8Hy Sl IEok= G
9] &A1 g g whyto] Wopg]o] wet A9t} &9to] 4
A or F7WHA H= 5 FEY EFUSIE o7 |AXIH
(Bae 5, 1990; Lee &, 1989).

q4e]9] F4 W3} A gRlshr] flof whde] A4 ¢
& 5 FAHso] thet A7 XY=L 2™ (Choi 5, 2012;
Lee 5, 2009), ¥4 W} HA] 9 A4 7WAdE st A2
AHLee 5, 1991), UVAH(Lee 5, 2009), 2142 (Jwa
5, 2001)°] Thet A7t XgE vp et EIE, A A
< S A% FM(Back 5, 20113 HAH7HE F7HJeong
5, 2006)0] thet A= NFP= QA TPANE SdPELS
Ao 2 Ay vbde]e] A%t F F4 §igle] Wt A=
213 v} gls ACoE AlEEL

oAM= AFFRo], WFo] A9 Ffet dart u= A
Y= R Yo ARE, G35} 2 £ 2|
oA WE5S 90T oo R Adtoto] nYER QIgh W
9] 2 A2}t 54 B R QI3 WFe] 24 HIE
ol £ WolE WAJSkL Qlti(Jeong 5, 2015). BHH, uHd
g BYEdE o E g3t Tart sAof X8E 1,
uiE0] Apulel 22 wpFgo] §lof Al o= wde &of
S01%U= Fsl =l olsf uhdeE] F4 HakE oAl
THLee 5, 1996; Song 5, 1997). o]o] & AFolA= H=
4 w24 FEE o e fI8l mdE 9 AAE Aol
22X AS SRR 9] ol ek A9 dske
= ogEdE WS o] HEste] 33 A+, ER
g eo = WA E A&, A% 2kof oE 1Ee
4 H3lo] disf dolE 1A} 51l

=}

It 2 Hu

0

ER T

A=

ukde] A8 YEs= 2016134 2fjr](Dongsong Nonghyup,
Cheolwon, Korea)2, /5L AZolx] wfshs Ze
WU7}2(CT Cheiljedang Co., Ltd., Yangsan, Korea)S AR&5}
ot YaAl= 97t 300 SPY] <-8F-AK(Songhakgokja Co.,
Gwangju, Korea)@} 15,000 sp2] SF"JA| & 4(Chungmubalhyo
Co., Ulsan, Korea)S ARZSIL;. %= Saccharomyces
bayanus EC-1118(Lallemand Inc, Montreal, Canada)& AR
51t} A7l 24K Musashino Chemical Laboratory Ltd.,
Tokyo, Japan)¥} $H=ZAXET=H(Daesang Corp., Gunsan,

Korea), AFQ 2] E(Samin Chemical Co., Siheung, Korea)Z
ARG & WAl dE A= 7383
128 AlEHIF29] £ 5 o]8513itt

) Yz

e Al AlglERoA AgEror, Az Wi
Chadt 2. =, & 120 kg AIASIAL 3AIE 4, 1ARE

G5 3 F DR 30 ke EGsto] 100COA 1A S
sttt 2213t Yms ALY 1.125 kg, £3F2A} 7.5 kg, &
oA A A 2.85 kg 1] Eole2 85 450 Loj| £t
55ColA 12A17F GHAA BotRE wso] 3ot F2bt
A== GotS ofulstal E2S 100C7HA] 7HEste 2
B AAIAA FQI T 5 GRS 25T/ YAAA S
I, JR 50 g(0.01%)= FFste] 797 12 HEE 2o}
gk 1} EE 98 84 450 LS HUleto] g3 3k
< 5.5%% W1 AL FFAP LTS 47t
) 7FsH9iek 1 3 600 mL WG P - P -&7]0] Helsto]
15CollA 797k 22} e s Ao, g = & 747
9] AR 2moflA A5tk

Ne]
~
aQ

F 2U Y A= 3YF

SRELE e A2 WAHE(UC-33001L, Kukje
Co., Cheonan, Korea)of] 9229 §EL21:0] 10CE =35}
o] 15Tt 25ToA AL, 78 HH0 R Z470] 2%
o A 9] F 38 TR Agsto] EA5IeI.

A

S ugeo] ofsel 4R B4 AP FREA
TS wWsitH(National Tax Service Liquors License Support
Center, 2014). <, pH+= pH meter(Orion 3 Star Benchtop
pH meter, Thermo Fisher Scientific Inc., Waltham, MA,
USA)E S5t 342 AR 10 mLE Ff5to] 100 mL
8 Az7rEapAdol @i 0.1 N NaOH(Yakuri Pure Chemical
Co., Ltd., Kyoto, Japan) -2H 02 pH 8.27} & wj7}x] 2%
3o] 1 gk 2AMu(w) 0% BhiFsto] LRI obul
AteE A& 10 mLE 100 mL AFZESAA0] 3t o,
H=ZeQl AAQF 2-392-E 7Isto] 0.1 N NaOH -840
2 G2 B340 U w7k AAsiqit) of 710 SAHEE
Y B9l(Yakuri Pure Chemical Co., Ltd.) 5 mLE go] ¢
#o] Aol Lt A gk & thA] 0.1 N NaOH g0 = ¢l
S50 L kA Agstel 4ulE Boje] ofml)o=
HAIBIAT. 7HY AFE(Brix) dF HAE 227
(PR-201, Atago Co., Tokyo, Japan)E AR&olo] 431,
YFZ TFFE AR 100 mLE S57 H 24 ol A2t
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T 7tgsto] SFHE oF 80 mL o WL 100 mL71A]
Fen 48N 2RI
(Dongmyeong, Seoul, Korea)E AREot] =2 il F
B 2 AHEEA 15CE Bt d3E 55(%, viv)
FOoE Uegltt. Te SRAS 15CE 2Got] dTe
EA7](AL-3, Riken Keiki, Tokyo, Japan)Z o]-85}0] =45}
Rk A e I B8 SR 30 mLE Folo|
AZFEglAago] Y1 0.01 N NaOHE pH 827} € w74
AA5to] 4H]E 0.01 N NaOHS 240 & $HAilslo] #AJSH
ct. Mz = Ax}A|(Hunterlab Ultra Scan Pro, Reston, VA,
USA)E o|-83}o] Tk (lightness, L), 2 (redness, a), T4
S(yellowness, b) 2 BAHJE) g Z755te] epoick

ot
ct
3
o)
o
N
o
2 ofN

o o2

S22

=
EE HolEE 38 B SAsIglon, B EEuAR
FAISHCE BAEAS SPSS 273 18.0 WS 0|83}
of FHE/Jol disto] A2l7e] HoJ]] AjolE Yol
3] YYPEAREA(One-way ANOVA)S AASITE A&
7k o]l A7t 9 8% 0=0.05 $F0l|4] Duncan®]
SHe A8E AASh

2ot A o
arda|ol 2 7|2t S pH Hst
2H2e]9] pHE ARHeks 44 € 4 e 89UeE &
7VAk AL, A ohuleAL, ZeR AF B St Bl 9
THSong 5, 1997). A7) whe A 2= v
pH Hok= Fig. 13} At} Ag=27] 04 249 pHE 3.86°0%
Park 50| 171t AT 2pde]| Q) pH o]l Eghd A3l
(Park 5, 2011). 10T A& A] 919 X714 3448 ukslA
B3I 15T A Al 49U 2P71A] 3.44= FAs13 oLt
91 o] 3,512 F715HAA, 10T0] B8] 4 27t o
T 25T A Al 78 Aol 3.560% HH3] FAg
1Y A 1 28 FABITE A1 71710] ZBafte] ut
2k e A 2%0f pHe A45ke 43S el o]
+ Jang 5] ATolA A7 7|7to] Bt whet pH7F 2t
a3t Aot 2 AFS et (ang 5, 2015). ¥
W, HEE whe]Ql Al At 9 vt EEE A
sto] A2(25T)F FRAET)IA Adstas FEHsE 4
HE Aol Hlddwt wHEe] pHYE A7t et S
718 RARE, A(25T)0 ] A whdeE] ks WAH4T)
oA ARt 2829 B, ARt SRS & 4 A ©]
ZAoR A L=rt WskE A Frkes 2 & 4 A
(Choi 5, 2012). & AFME &7} W2 10TA 2] A
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Fig. 1. Changes in pH of ‘Makgeolli’ during storage at different
temperatures.
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0.35%, 25C A& Al 919 Z}of| 0.40%=2 A& 717H A%
257t S7FEE F4to] F7oke A UEGIt A
& 712 A 257t SV E F AR S71eEAL, pH
o= Hifo] Axitt. ol pHO| 4l oA FAto] 79
o= F7kolal A9 Bist A Kim¥t Hanl
AT At FUSHATHKimY} Han, 2012). ¥HH, J4H=7}
ZALO = 0.35%%] AlHt At wrdeie} Alst vt 9k aEE
A2(25C)2t YRET)NA AotHA AHE Zat, A
of o} Atglo] 109 A § 040%= 2t S7FtAaL, 30
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Fig. 2. Changes in total acid (%) of ‘Makgeolli’ during storage at
different temperatures.
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2 HERTHChoi 5, 2012). 34k S71= oIE AH8o=
B8 45 1Akl 2Bl S7tElE A o= 795 31(Song
S, 1997), WEbA] wrde] A Al A% 717 9 AR 227t
otde] 4 Hslo] £8 QRl0= Almgrh

afdelel A& 7|2t & oto|lit B35t

oAbl $o] Blg Hhe Hojshs gow T
o A9 eylo] kol A 22 e 32 W #4 Ast
£ oAk Kim BI5}9iTHKim, 1963). ofv]iAle
+ 950 =0 = tildo] 5 F2f njiEo] it
o= Tl B 8491 acid proteaselL} peptidase 52 &
4 2goR HTKLee S, 1996). A 71710] T2 A%
259 vk ofulwAlE WSR= Fig 33} Pt A 2
7] 09 2}9] oju] AT 0.178 Kang 5-& 2059] Alwt ubA
g op|iAt: B4 Ao} BlwsilS f AAS] B 54|
AL 1T & YTHKang 5. 2014). o= Brde] Az A
S5jole 7igshe B0 R QI T Ba) BAV A
Sjo] g Refel £3 A0 Ak A 7170
wE A 2= uhde] o] oAt HstR= 10T A1
Al 91 Zof] 0.37, 15C A% Al 91 Zpof] 0.43, 25T A%
Al 91 Aol 0.552 A4 717H A 227t SRS
ofolicAbE s} 7ok S Uehlisih ol A% £
ol A4 7]7k0] Z71EHE ofn|ieAber} Z7RITHE Kimd)
Aot 22 AAATHKim, 2012). £ AFolA= 22 A
2 A 951 Ttk gow old) wd Balnavt
AZE Q7] fiZo] ofieAte o] F7= AZE 5 EolEA
OF Tho] wan|gE) Tl Mo} HRo) Aphe
sjol olgt Ao w 2L, A% LE} £ 8E ofuliAt
Tt =2 A2 A 2reof Tl Eejad E4do] HF4

Ql IAlo|7] WjE o2 AR ETHCheong 5, 2015; Jung¥t
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Fig. 3. Changes in amino acidity (mL) of ‘Makgeolli’ during
storage at different temperatures.

Jung, 1985; Kim, 2012).
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o Hok= Fig. 49 At 7MA 9=
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k. Son 59| Aol oo A= G2 ARA|
of Za 9 A% F 7HA ALPwol HIE =
319 cKSon 5, 2011). & JLojA= 7184
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FtRogerson¥} Symington, 2006).
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a5 Ifo] osf AHEtkBae 5, 2002). A7
717bol wE A 25 v dF-E g ¥k Fig.
59 2t} 2 AolA g3 FgolY] B, BE AR 2
ZolA 919 A7HA] & AolE YERNA] Rokth. Kimdt
Han®] A+tof| oJshd Ia 9 A dAlAE B2 59
27} AoRqltky B 15} 1 (Kimd} Han, 2012), Lee S
2 AR 71 A 22Tt SN E SEE Tl
7Fehba B 1stgitiLee 5, 2009). 12A5E 2 o] 74
%, 2] Az YoM 4 LIEE Fgste] anol g
Gl BRol 1ZEo] ARVt IS TAE EHE AL
= F44

olN
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Fig. 4. Changes in soluble solid (°Brix) of ‘Makgeolli’ during
storage at different temperatures.



Quality changes in ‘Makgeolli’ made by independent two-step fermentation 689

7.0
65 L ! g i E i

~ 60 |

X

N’

S 55

=

[~

=

< 07T ——10°C

= 15°C
43 ——25°C
40 1 L L L L 1 1 1 1 1 1 1
0 7 14 21 28 35 42 49 56 63 70 77 84 91

Storage period (days)

Fig. 5. Changes in alcohol (%) of ‘Makgeolli’ during storage at
different temperatures.

Y AT 5 AR 9t ol aTF APk AS
P02 YERHTHGraham, 1993). Kang 5(2014)0] A
3t 2059] Alut gkde] Al FRE 21.4-121.0 ppmOE
HUSIPY, & AFolA A% 27] 04 Zpo] wEe o] F)t
A 2FEFE 87.80 ppmo|th. wEbA] Ao A A5k ubE
2|0] At THFS UREHQl TR oA AR E0R
QHASHAl WREHUSS I & AT A 7I7to] wE
A 2 whhe] o] FaAL Sk Wsk= Fig. 67+ 2t} 10T
AR A 919 X7HA] 153.40 ppmO.E st 2712 Uehy
At 15T A Al 562 Zp7HA] ARt 57 F 919 Ao
321.67 ppmO.E FAHA Z7Fsgie). 25T A% A 219 2}
7HA] @EsHA F7Vet AL, 5627HA] FAsH $7F F 91
7] 1 55 FASSIE A 710 A 257 S8
5 F T S7HEC] ke AS EE 4 AN
ok A 710 A 257t SRS AL Sl ST

3to] 4|zof L2 olu| - o|FE At WeA FEoll oF
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Fig. 6. Changes in volatile acid (ppm) of ‘Makgeolli’ during
storage at different temperatures.

AFS & Aoz FAHrHJeong 5, 2013).

ordzlo] 2 7[Zt S M HS
gde] A7 A o] k= njAEl] o3t UE ke
4 ofu|iAl SheF WS} 5 SI5HA whgol oJgk Ao B
EQHKim &, 2007). wEbA & dollxds A% 7|13t
% o8] 7] A= #srt oidE o] whdeE|e] Mr HskE
selstazt sHitt A% 717t W A 2= 94z
M= HSH= Table 1-33F 2t} 2 AtolA A% 27] 04
Z19] ubde]o] P 7.53, HAEE -0.01, AT 3.110]
A} Kim 50| A3gt B3R Hrlo] e uhde] Ui
23 30| grl 7486, AN 351, FAMEL 30,112
(Kim 5, 2007) & A} Blws) & uf & Atof|A] A=xgh
7 P, AL, AL BE ofe- Wit o] gt A
T AJol= v Alxo] AMgER= EE, £5, A7HEY §
F 9 o] ft27] fiEo 2 AfgHEch(Bae, 2010). 10T
A7 Al 919 A9 M, A, AT = 78 9.79, 0.02,
4.152 Z7¥s9. 04 AR7)7t] w599l Alol= ¢lod
o} 15C2} 25C AR Al A% 717t T2 2411 Alol&
I &= STk 15C A Al 919 9] H, HA, &
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HAE, AT TE Z7kok= RS EIT 5 U9tk JE=
AAA Q] ML) ZjolE HERh= A2 10TolA A% A]
Qoj¥ o o)zt ¢ 15T, 25T oA AR A §-9F 0
2 o]z} Aem, 15CHT} 25ToA A% A] W37} ¢
Z A2 ZRIT 4 AUATH(p<0.05). Lee?} Park> 2HHe] 2]
AN Eegt A5t FARE A A| YA Bt A
8% Hx, A, Ao Z st QAL AAE
B =2 B, AL, AT 3R Vet ofyltt
(Lee®} Park, 2010). mHekA] 2 Atofla] Mzo] #ish= A
Eof o3t Aog AlgHLh
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A 10T AR A 919 23] 0.37, 15C AR A] 919 =}
of 043, 25C A% A] 91 Z}of 0.552 7] 0.1194 &+
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Table 1. Changes in color of ‘Makgeolli’ during storage at 10C

Sto%%f}:, Sgime LD 22 %) AEY

0 7.53+0.70™99) -0.01+0.09™ 3.1120.35™ 88.55+0.69™°
7 7.54+0.59 -0.02+0.11 3.17+0.21 88.55+0.59
14 8.82+1.47 0.01%0.49 4.060.71 86.31+2.28
21 8.53+1.41 0.00£0.35 3.7240.53 87.25+1.69
28 9.06+0.38 0.02+0.01 3.95+0.03 86.39+0.22
35 8.79£1.15 0.0240.57 4.14+0.79 85.67+2.52
2 9.07+0.74 0.01+0.17 3.800.22 87.04+0.73
49 9.2942.19 0.03+0.39 4.46+1.47 87.2142.05
56 9.35+1.18 0.030.29 4.42+0.72 85.46+1.96
63 9.44+1.93 0.03+0.48 4.05+0.85 86.36+2.30
70 9.40+1.91 0.02+0.46 4.04+0.57 86.73+1.88
77 9.73+0.44 0.02+0.38 4.06+0.69 86.40+1.68
84 9.9242.17 0.03+0.56 4.09+0.82 86.22+2.43
91 9.7942.32 0.0240.56 4.15+0.77 86.49+2.15

ULightness (0 = white, 100 = black).

YRedness (-80 = green, +100 = red).

Iellowness (-50 = blue, +70 = yc.ellow).

YAE =VALZ + Ad® + AV, color difference.

Each value is meantSD (n=3).

Not significant.

Table 2. Changes in color of ‘Makgeolli’ during storage at 15C

Stor(z%; SSime Lb 22 b AEY

0 7.5320.70" -0.010.09" 3.1140.35¢ 88.550.69°
7 9.78+0.48°" 0.020.06° 3.98+0.14° 85.34+0.62%f
14 9.92+9.92f% 0.03+0.12%f 4.20£0.12%% 85.88+0.39°
21 9.23+0.218 0.02+0.12" 3.65+0.15" 86.87+0.20°
28 9.43+0.08"™ 0.01:£0.24¢ 3.76+0.19" 86.68+0.09%
35 10.0120.13%" 0.03+0.07°" 4.14£0.14% 86.12+0.13%
42 10.32:£0.23%% 0.0420.17>¢ 4,230,094 85.82+0.22¢
49 10.56:0.30% 0.03+0.06™* 4.30:£0.29°% 85.58+0.29%
56 10.79+0.32%* 0.04+0.09" 4.45+0.14" 85.36+0.32%F
63 11.19+0.18% 0.05+0.14® 4.59+0.14™ 84.97+0.17
70 11.36£0.23° 0.05+0.07* 4.66+0.08" 84.80+0.23°"
77 11.40+0.88° 0.06+0.13* 4.45+0.22% 84.61+0.66
84 11.08+0.67% 0.0620.17* 4,370,394 85.00+0.75F
91 11.7240.35° 0.05+0.18® 4.61£0.11° 84.75+0.35"

YLightness (0 = white, 100 = black).
YRedness (-80 = green, +100 = red).
Yellowness (-50 = blue, +70 = yellow).

YAE =vVAL + Ad® + AV | color difference.

MeanSD (n=3) within each column followed by different letters are significantly different (p<0.05).
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Stoze(liga; St)ime LD 22 %) AEY
0 7.53+0.70" -0.010.09" 3.110.35¢ 88.55+0.69"
7 10.37+0.23% 0.04+0.17° 4.10+0.12° 85.42+0.46>¢
14 10.11£0.17¢ 0.04+0.15° 4.01+0.09° 86.010.16"
21 10.20+0.20% 0.05+0.10% 4.03+0.13¢ 85.93+0.19™
28 10.42+0.16°% 0.06:£0.04% 4.08+0.07¢ 85.71+0.16>¢
35 10.5120.02% 0.06:£0.05% 4.01£0.03¢ 85.62+0.02"¢
42 10.57+0.19°% 0.06£0.06°% 3.95+0.05¢ 85.55+0.19"¢
49 11.4240.48>% 0.07+0.06>% 4.32+0.12% 84.72+0.48>%
56 11.36+0.14>% 0.07+0.18¢ 4.17+0.29° 84.77+0.14>%
63 11.79+0.21°% 0.07+0.11% 4.52+0.27% 84.37+0.19%%
70 12.05+0.17%4 0.07+0.08>¢ 4.58+0.08™ 84.10+0.17°%
77 12.17+1.03% 0.08+0.26™ 4.68+0.40™ 83.99+0.69%
84 12.61£0.33% 0.09+0.06% 4.96+0.19 83.27+0.22°
91 14.27+3.34* 0.09+0.60° 5.47+1.30° 82.1843.34

YLightness (0 = white, 100 = black).
YRedness (-80 = green, +100 = red).

Yellowness (-50 = blue, +70 = yellow).
YAE =V A + Ad® + AV, color difference.

MeantSD (n=3) within each column followed by different letters are significantly different (p<0.05).
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