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Abstract

In this study, we fermented ‘Makgeolli’ prepared using brown or white rice from ‘Mirchal’ for seven days to investigate
the differences in their quality characteristics. Moreover, the physicochemical characteristics and antioxidant activities
of ‘Makgeolli’ were assessed using principal component analysis (PCA). From the second day of fermentation, brown
rice ‘Makgeolli’ exhibited a higher alcohol content (7.00%) than that of white rice ‘Makgeolli’ (3.60%). Additionally,
the total polyphenol contents and antioxidant activities increased with the duration of fermentation (p<0.05) and
were higher in brown rice ‘Makgeolli’ than those in white rice ‘Makgeolli’. Moreover, the proportion of glucose
in the total free sugar content in brown rice ‘Makgeolli’ was 0.88, which was higher than that in the total free
sugar content in white rice ‘Makgeolli’ (0.60). However, the levels of soluble solids, sugars, reducing sugars, and
free sugars were higher in white rice ‘Makgeolli’ than those in brown rice ‘Makgeolli’. The PCA revealed that
the quality characteristics of ‘Makgeolli’ prepared using brown or white rice were very distinct. Furthermore, the
main contributing factor to these differences was the free sugar content. Moreover, the quality characteristics during
fermentation were affected by the total acidity, polyphenol content, and alcohol content. This study provides useful
data for processing ‘Makgeolli’ prepared using brown or white rice from ‘Mirchal’.
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O oF 16.9% AAstioy, S, I8 5 78 &

AA 3T A A2 F Shiel B $3 Q% 5 obiloh
oA 9 90% o) APHREIL YLom, 1% HIARIT % 40%
oMo F40& Bh ]9 FA A AUolthoh F,
2016). SIS M 72 A8 F03 NS 3
ASL Qe TRt BeTIet Al ek S0 @A |
oI QIzk & AH|ZES 20114 71.2 kgollA] 20194 59.2 kg

T8+ A F7FRAL TH(Kimt Back 2020). 53] & 22
2l o] RE3IE AlES] FAIAM Hlofu Hhedt A&l
FEEAL Jlom, FT ahdE Q] 7]5/do] FAE ] Fo ¥
< FRE UAEHTA I B} anFe v & o=
/g74stal Alth(Bae 5, 2017). & 2HdeE]= SRRt oyt
L&, U=, 7 R SHOMOL & SN E =t W2
A FRE ERE $E0] SR Atk
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Quality characteristics of ‘Makgeolli’

AlFEAA wrdeE]s ot IRE A9fe A7E
oF I(H) 2 22 T 982 slo] RS SEHHA A
A Ee 10 B AN Aol kA 52 71t
2Hal A= o] Qlet = oiREe] 9
SAlO] AP E= o R wgEo] WA FE% AR
d7tsto] HaAIA A Fohs HRETE Y202 vHE014]
o, Thget YL8ET A BRI EEES RSk 3l
71578 50l W Aol H dEZ e S, T &
T 59 F2 549 FYE HAtH(Lee®} Eun, 2008). =2
e g8 59 &5 9 Taxd 5o vt 249 Aols
e, g4, Hle B R S ohRskal Q1AL ¢
59 protease] I3t Tt F72 FEfotn]icite st
of uFde]] gkt gofl JFS M (Song 5, 2020), S35 &
3 3 5 AL A=E Y= 3 wdEe] 3] JRos
& ethyl alcohol, ethyl acetate, amyl acetate % ethyl
caproate 0] Attt B 1 EcHKim 5, 2017; Lee 5,
2012b). 5L THaTA S AAEE lactic acid, citric acid,
succinic acid, tartaric acid, pyruvic acid, malic acid %
oxalic acid 59| 714k 2Hde] 1-59] AlA9kS Fofsh,
S72] oh} 2 B/detth(Bang 5, 2016). AT & it
3} B2 4-hydroxybenzaldehyde, 2-(4-hydroxylphenyl) ethanol
(tyrosol), trans-ferulic acid, cis-ferulic acid @ 1-H-indole-
3-ethanol(tryptophol) 5202 FHE 0 H, 2-de]|9] JAE
of AL} AA| W APEE FEok= EE-farnesol AJH0]
o R0l I A Qs 20 R HiEo] 3IthHa
5, 2014; Wang -5, 2012).

A & F52 o83t vrdee] £ B4 diEe AR
Z/go] vget ¥ 348 e 8 S4(Lee 5, 2013),
A EF52 2R 4= Az 9 2] F4E S4(Kwon
S 2013), IAOl - A F52 o83t AT 48 B4
(Kwak 5, 2014) ¥ 9] &5, & AL, +59] &
22 o] F4 E4(Lee 5, 2012b) 50| HAEAH: B &
T diHARt YB R A= o Sl Ae7HA T Y
@ AHE o83t vrdele] B4 B4R e Eark HE
7} gltk. 53] 5YF FHQl n|222 Aol 739 kg/10a
& opigo] Hal Apietdo] ot I ol8sh= A 7HE
o] Ym0 ANES] At FFolth wEhA, 2 A
A= TYF A ZHQl n|23 dn] 9 WnlE 0|85t
Tar|te] wE wrdele] F4 544 vla E4e RN
n|2zk wdee] 7154 54 iAskaAt Adgstaint.
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using brown and white rice of ‘Mirchal’ 791

MEE $YF 2 29l m22 & ARSIl &
RS A BP0l 2Alshe s SHAS Y
St ERAER AR FEXEA 20209 HEATH
Holl osto] A=l FEiRt B dFeH] dnpy)
(FC2K, Yamamoto)= FAE A|Asto] du| Al2E FH|sH
FAL, AUl AR F LRE ARESHo] upEA] An|7|(VP-32,
Yamamoto, Yamagata, Japan)Z A]% @u]e} A3 12E %
& goto] Win] Alg 2 ARSSIITE HaAdl A= EF
Azgog AFFROA A3GU=(SK Brewing, Gongju,
Korea), 752 JAFIAM0 A S2jd2 A3t ko] ¢
+E(Jinjugokja, Jinju, Korea), §%= AZH Saccharomyces
cerevisiae(La Parisienne, Marcq en Baroeul, France)S 1

sfo] Aol AM8BHAC.

LIRS

u22 gnje} uin oA Axg slel 7t 1 ket e
o] 33] E= A2 F AR sk olF AR B2
& AR SARIAH, T4 =5 3020 Fiol 3L 4
2ol 418 F DENHE TS e ARE wEzd
I A=H200 g), (10 g) R EEY(1.25 g & SRt
T 25CoM 78 S HREE AYSIA. HRTIE F A
2 skg B Slslel 19 0 R 39 ST
Aol W F BAE Amnw s
pH, 24, 232 S o 7184 YL 2%

pH= pH meter(Orion 3 star, Thermoelectron Co., Beverly,
CA, USA)E AH83}e] pHO| 3S S431olct. S4t slake
0.1 N sodium hydroxide 2982 pH 8.35-8.400] & wj7}X]
S 27sto] ZAhacetic acid) FH(%0) 22 BrtsiATt. &
& A 48 AR 100 mLof| S5 100 mLE ¢
53

A3t & FHOIE SR 80 mLE W ¥ FRPE

7 7A|(Deakwang, Seoul, Korea)E ©]-&sto] Z7gstct. 7+
B/ 1FE FT2 ACACH] m} 105T AA7Hed=H
2 olgsfo] 247 2ES AAT F Yol D WA T

Ag Z4stel wpg= tehyglc

1=

L, ZMe 3 B

Al T2 Wul=97.78, a=-0.39, b=2.05)°0.& HA3}
ABZ}A|(CM-3500d, Konica Minolta, Tokyo, Japan)E 0]-&5
o] CIELABZFS 274319100, Bk (L*=lightness), ML
(a*=redness) L ZA L (b*=yellowness)Z LFERH ATt 240
T 9 gTX UV/VIS spectrophotometer(Softmax M5,
Molecular devices, Sunnyvale, CA, USA)E o]-&5}] 420
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nm 3l 600 nmoj|A| ST

gr 2 =g =4

Gl ZEGTA(PR201, ATAGO, Tokyo, Japan)S AR5}
o] =45}, °Brix2 17|51tk S e $=R2 dinitrosalicylic
acid(DNS)o]| oJ3t BlA o= Z75IthKim 5, 1996).
B2 AlE 1 mLof] DNS A]2F 1 mLE @11 water batho|A4]
1087 393 7, 2845 5 mlg ] A9 5
UV/VIS spectrophotometerE ARE-510] 546 nmol|A] 75}
ek, BT FHEL glucose AFGBI0] AL BIALL
0]83]] mg GE/100 mLZ YERJQIch

salg 24

SEF RS 2L A|HE 0.20 pm membrane filter2
ofsksto] Ao ARREFSIT}. HPLC(Ultimate 3000, Termo
Fisher Scientific Inc., Waltham, MS, USA)°|| Column
(Sugar-pack™, 6.5x300 mm, Waters, MA, USA)S A3
o RI detector(214 nm, Termo Fisher Scientific Inc.)Z 4]
ALy, AR AOZ = column temperature 80T, injection
volume 10 pL, mobile phaset= distilled waterS AR&SI311,
flow rate= 0.5 mL/min® =2 A5}t FEEE raffinose,
maltose, glucose, fructose(Sigma Chemical Co., St. Louis,
Mo, USA)E ARSI, ARt HEE AlZks Blalsto] 4
2A19] 71418 0}83] me/100 mLz RS,

SH=E4d siehE oY 2 st 24 2

ZH&s4 SRIE RS Folin-Ciocalteu £-41%(Singleton
¥} Rossi, 1965y ol-§sto] S4sI3H. Z48 A= 0.2
mLo]| 55 1.8 mL, Folin-Ciocalteu’s phenol reagent 0.2

£ oA 0 R Sgtsto] RISt &, A0 6811 WA
5}, 7% sodium carbonate 2 mLES H7ISF & UV/VIS
spectrophotometerE ARE-5F] 750 nmof|A] &4313t) &
W4 SRHE SRS gallic acid AMGs}o] AekAlo] B17)
AZ o&3 mg GAE/100 mLE LERAQICH

AL 2,2-diphenyl-1-picrylhydrazyl hydrate(DPPH)
radical 2 '5(Blois, 1958) & 2,2'-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS) radical 275(Re 5, 1999) E4H
07 245}t DPPH radical A5 248 A|& 1 mL
of 517 nmojA] &4 EE 1.00£0.022 Z%gF DPPH -2 5
mLE E9sto] gt & QbAoA 3087 ¥EGAIA 517
nmo A FBEE ZA3ch ABTS radical 2752 74
mM ABTS®} 2.45 mM potassium persulfateE 1:1(v/iv)Z &
FHofol SHOIA 16412 BFGAIA ABTS Qo122 23]
FRAA 734 nmol A FFE FHol 0.70040.0027} =T

ethanol = 3]415}o] ABTS solutions HF=0] A3 ARE5191
t} BA8 A7 0.2 mLoj] 3]A5F ABTS solution 4 mLE &
Stoto] et & QoA 687 HEGAIA 734 nmollA S

£ SHoIlth B 442 BEEDE TroloxE AESH
of HAFA9] 31H4E o]-8sl mg TE/100 mLE ERHSIH:

SHAz]

2 Ado] gt A2 Heh EEHAH(MeantSD)=
LERJ 1T, Statistical analysis system(9.4, SAS Institute,
Cary, NC, USA)Z 0]85}9] one-way ANOVA XS AlA]
3t &, Duncan’s multiple range test® ¥ 7|7o] wkE w]=2
2 gu| 9 ] 242 o] Ajo|E FA5HArHp<0.05). 3,
FJE E A (principal component analysis, PCA)S ©|-8-5}0]
4 EApH, 34t 932 o, 7R 1R o, 9
e o, AT o, SElEd oRkE O At g
A< 4 WUFE ot YR oE n23 dv|e} 9
o] 942 & A=A o 7 sho] T4 principal component,
PO)TO] AIE =E3HAt silom, SAAE= SAS

=)
i
p
el
=)
1o
1=
=)
i)
N
i
RAC)
ko)
=
O
x
mO
K
filo
%
bl

o}
7H84d 1R =S S5 A3k Table 10] YeRf9Ic
n 22k guje} W] wh4e]o] pHi= 77} dn| 9hde] 4.23-
4.477} W] wkAe] 3.69-3.9608 @v] wAz]o] pH7} T
ESUTE R 2ol A] v = Hrle} win] uhE 2] pH
77} dn] 94 4233 W) w2e 3,698 fojHog W
ATt DRFAQl 9 o) pHE 4.0-4.69] H919) gk HEhy
=8, & AFoAE FARE gk Hol gl dart X3
H Ao g AlgEtKLee®} Park, 1995). ESE n|22 dn]et
Wu] 9k4eE]Q] pHis WA 190] 438 € 3.959] gk O
U 293} RolRl= A3k Hlrh sHAY 2a 38R E =
FoH o= F7IsIglon, ol wee] Ia XY Y F
pHE T 35 AQleh HaIA 52 pH 2ol A9 §l
& Holgh=s Barel fARE Zijo|th(Lee 5, 1996). AT
9] FAkS WA F4T AP FFE T, Favt A
ol wt &30 ot aw 9 At 59) st 28
o7 AE |71l g5l STHEE FAte] AUAA =&
7%, gL HREE ol A HH o) 427t FA= o
orge|o] AkEel Fdo] e FHal A Qo
(Chung 5, 2017; Kwak 5, 2014). 023 n|e} wiu] ukz
2]9] F4RS ZH7F Fu] 94 0.46-0.90%2} #n] whAe]
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Table 1. pH, titratable acidity, alcohol and soluble solid contents of ‘Makgeolli’ made using brown and white rice of ‘Mirchal’

Fermentation (day)

Rice
1 2 3 4 5 6 7

Brown  4.38+0.01%"Y  4.23+0.03¢ 4.36+0.02° 4.36+0.01° 4.36+0.02° 4.41+0.02° 4.47+0.02°

pH
White 3.95+0.02° 3.69+0.03¢ 3.74+0.08%  3.79+0.03*  3.75+0.02%  3.83+0.03" 3.96:+0.03"
Total acidity Brown  0.46£0.00° 0.90+0.02° 0.78+0.02° 0.84+0.02° 0.84+0.02° 0.79+0.02° 0.71£0.02¢
(%) White  0.540.01°  0.74£0.00°  0.79:0.03*  0.88+0.04°  0.83£0.02°  0.78:0.02%  0.69+0.02°
Alcshol Brown  0.40+0.00° 7.0040.00° 9.00+0.00¢ 9.40+0.00°  11.60+0.00°  11.60+0.00°  11.80+0.00°
content (%) \white  0.40:£0.00 3.60+0.00° 8.00:0.00° 8.40+0.00°  11.60£0.00°  12.00+0.00*  12.00+0.00°
Soluble solid  Brown 13.9440.10° 920+0.07¢  11.41£0.05°  12.12+0.01°  12.83+0.02¢  13.79+0.00°  14.33+0.03"
content (%) Wwhite  29.75:0.06°  2626:0.11°  21.10:0.10°  18.76£0.03  17.46:0.05  17.50£0.04°  18.01£0.07°

YMean+SD (n=3) within each row followed by different letters are significantly different (p<0.05).

0.54-0.88%2] IS H3loH, g HatAolA= 0.71%
2} 0.69%5 UERH I Lee 5(2012b)0] wh=H 432 oF
F16%9] &S B2 1439 S 6% THOE A
Slo] ZALS BASE A3} 0.24-0.37%2] ZHS Heltky H a1
St Wi, 2 AFolAE A g2 dalgie=, +
Aol whE uhhe] Az Al vt Bds HY AR AR
Hth(Lee®} Park, 1995). n|22 @uje}l wWin] w-4z]o] g7
< S Ham 7R dv] urae] 11.80% 2 ] wbge]
12.00%% YebATh i 27]0] v]2% |ule} #u] ukde]
£ W U3 FRH040%)S Bl ¥H, TE 29Rjofl= 1)
2 @vje} wWin] ubdejo] I3 RS 27 7.00%2}
3.60%= P22 du] ubhe]o] 43S Jhgol &tk 39at
HE n2d @u|ep wu| 9Ze] dFE g 4
9.00%2} 8.00%0]91 0, Wi ZRAH7IA] f9Hor &
7¥olo] FARRE 3k Bt & E50 wE 2o £4
573 Baro] ofshy A2 A2 11.5-14.5%2 & F50]
T Zpo|7t lglom, 4, dv|, 2+, A4 H 4lsA
E350] oF 12%9] gF-S TFOE H AFATel FARE o
ol gk2 HYtHKwon -5, 2013). n]=2 @w|o} W] ubd
9] 718/ 1P E TS AT A3, nEF win] dge]
(17.46-29.75%)2] gFZo] u]2& & 9-A2](9.20-14.33%)
o] SFFHT =A YRt Han 5(1997)°] =™ A5
Al el WS o]8oto] Axgt A9 F Had
A9l 7+ 1w b F 10%<} Bl wstgiE o B2
2 @] 242(14.33%)2F W] 242(18.01%)2] 7H8/3
TPE o] =2 AoE Ardr;

1=

E, ZHE @

o2 dvje wn) vhhelo] M, ZHE 9 g

_IE'.
it
B\

7Jet A= Table 201 YEUSIH. m|2 ne} o] o
9] P(L¥)= ZHF 30.22-36.129F 39.17-47.459] HY=
HE|S o83t wrlol A B 7 UEhtom, MM (aty=
3.97-6.237} -0.33-2.499] Z& HL, FHE(b*)= 29.06-
33.549} 17.69-26.77% UESITh n|=2% win] ukgej= @n
SrdEEn L2 =2 o) vIste] a*gl, b*gto] WA vt
ko, ofi pde] Aol ALgEE B7HRe] Izt i
TE Lol STRITE At fARIITHLee 5,
2012a). T3, Wa7IRko] Xgo] wheh M) Hsrt Fois
0w, AL A7Zto] AoASE o] WSl
o SHHTHKim 5, 2017). B]22 @wje} ] ubdelo]
Y7l e 484 Ma Y et g wlwst] $fst
of ZAE Bl EIof| et WSS eelskint. A==
Z¥7} &u| ube] 0.13-0.303 ] vk E] 0.18-0.342] HE]
2 UERgor, e 247 dv] 2E 0.08-0.2037 4|
2r2e 0.12-0259] ¥9E UERHSIT 2=} €] 4
T HE 29| W] wEEE w2 g UERIAEE T
& 3YAREL: A0] el B g yepion], Ua
797 1 gro] SAE A,
SE U ghelT B

w2 dole} wn] ghgelo] g U S e &4
3 AN Fig 10] YERfolch 9EE 27 @n) wge]
11.80-17.40 °Brix2} #{u] @42 20.40-28.23 °Brix2] HY
2 Uehgton, win] upge)} do] gpgelnc 9ot &
vebdet Wavk Aol vet An waes uE 193
12.00 °Brixo]| A & 794} 17.20 °BrixE UetH o] F=7}
foHoR Frgo, W] wrdele WAzt Ay
upet HE 1Y} 28.23 °BrixoA] W& 792F 20.50 °Brix 2

ot
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Table 2. Hunter’s color value, brown color and turbidity of ‘Makgeolli’ made using brown and white rice of ‘Mirchal’

AARALRESA] A28 Aos (2021)

Fermentation (day)

Rice
1 2 3 4 5 6 7
Brown 32.48+0.17? 30.22+0.06°  30.28+0.02"  34.22+0.04°  34.36£0.02°  36.1240.03°  34.66+0.02°
L*
White  41.7240.01¢  47.45+0.03°  45.3440.02°  43.00+0.03°  41.61£0.02°  40.55+0.09"  39.17+0.048
Hunter’s Brown  3.97+0.04% 6.16+0.03° 6.23+0.02° 5.19+0.01° 5.36+0.01¢ 4.72+0.01° 5.32+0.01¢
color a* ‘
value" White  0.7140.01°  -0.33+0.018 0.1240.01° 0.83+0.01¢ 1.69+0.01° 1.99+0.02° 2.49+0.01°
Brown 29.06+0.08%  32.88+0.02°  33.54+0.03"  32.50+0.02°  32.54+0.03°  32.26+0.02"  32.68+0.02°
b* _
White 21.87+0.01°  17.69+0.038  20.55+0.027  22.54+0.02¢  24.60+0.02°  25.97+0.04°®  26.77+0.03
B Brown  0.13+0.00° 0.2440.00¢ 0.274+0.00° 0.2840.00° 0.28+0.00° 0.27+0.00* 0.30+0.00?
rown color
(OD. 420 nm) yrie 02840.00°  03440.01°  024+0.00°  0.19%0.00°  0.18£0.00°  0.1940.00°  0.21+0.01¢
. Brown  0.08+0.00¢ 0.174+0.00° 0.18+0.00° 0.18+0.00° 0.18+0.00° 0.18+0.00° 0.20£0.00°
Turbidity
(OD. 600 nm)  wrie  020£0.01°  025£0.00°  0.19£0.02°  0.16£0.01°  0.14£0.01°  0.12£0.00°  0.150.01°

UL*, lightness (white +100 < 0 black); a*, redness (red +100 <> 0 < -80 green); b*, yellowness (yellow +70 <> 0 < -80 blue).
IMean+SD (n=10) within each row followed by different letters are significantly different (p<0.05).

A)
40
M Brown rice
g OWhite rice
E 30 a b
;n ™ —
< c
E d e d e
z 20 ) a b
d
=1
i f f ©
5
= 10 f
7]
0
1 2 3 4 5 6 7
Fermentation (day)
20,000
m Brown rice
a b
= - OWhite rice
- ~15,000
5z ¢
°2
210000 | oa d £ £ e
= K= b
20 c
< d
2 Z .
~ 5,000 £ 8
0
1 2 3 4 5 6 7

Fermentation (day)

Fig. 1. Sugar content (A) and reducing sugar content (B) of
‘Makgeolli’ made using brown and white rice of ‘Mirchal’.

Values represent the meantSD (n=3). Means with different letters (*¥)
above a bar are significantly different at p<0.05.

< HQth o= 31| o3t dFE Iart F249] XAE
YAH 02 Fo] Fhfo] TAE ZCE Jop|23, JlotH]3
T 9 Johjazo] win] wpdz|7} Ia 2YAo| BTt S
FJ A= Kwak 5(2014)2] H119}F AX|5l= Aifoltt. &
o 24 Ay} vj2z dn] gbde]s 4,369-8,859 mg/100 mL
2, win] ukdel 8275-16,064 mg/100 mLe] HME Ko
St FARE B3 YErQ:. g2 e Hay
8 & T@okEe] Rolle AP Arlof JkE = 2
RO E 4hm|o} Gt 53 oA HEE ] WeA FEo
JFE vlAh(Lee B, 2013). U232 Fu] wbdE)s 9hE 2
QUz}o] 4,369 mg/100 mLE 1DFET} 4,490 mg/100 mL ZF
2351310, o]% TRzt wet fojH o= FIsIgIt: vt
o, n|2% W] w42]o] A9 dhg 19A9] 16,064 mg/100
mLoA] 8,680 mg/100 mLE 7FASH= A3k H ). Park
5(2011)9] Hirof] W= v AR A HPELE 7Y
oA BAA, TR, A7t 5-& UG Aol FFE =
o, 2w AdE dFEE T Aleloll Az AT A
i BAsHiTh

3lo

falg g

w23 gnlol ] wEle) fej geke AR At
L Table 30 YRR U2 delof wo] spziol
raffinose, maltose, glucose L fructose 452] F-2]go] &9l
=it} 11F glucose= P22 Anle} win] wbdg]ofx] Zkz}
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Table 3. Sugar profiles (mg/100 mL) of ‘Makgeolli’ made using brown and white rice of ‘Mirchal’

Fermentation (day)

Rice
1 2 3 4 5 6 7
Brown 73.8+9.32 60.4+5.3° 29.3+4.6° 26.342.8° 25.9+1.6° 33.141.2° 24.9+1.8°
Raffinose
White 478.9+57.6° 511.5%15.3 376.8452.1°  261.5432.6° 246.7424.5  198.0+15.8¢ 195.3£12.2¢
Brown  201.4425.1° 174.2+14.8° 83.943.8¢ 66.146.8¢ 67.1+6.7¢ 107.949.3° 73.446.1¢
Maltose
White 614.6+69.1°  7264+17.8"  634.1488.5°  471.2454.4°  441.0442.7%¢ 36824299  377.0+21.4%
Brown  805.0+74.7°  333.1+32.8¢  362.6+153%  505.8+41.6°  589.8+50.9°  808.3+70.4°  706.5+58.2°
Glucose
White  1,325.6£121.3* 1,352.1454.1*  1,002.6+124.0°  790.6+56.6°  769.4+53.0°  861.7£75.3%  869.2+48.5™
Brown 0.5+0.0° ND?Y ND ND ND ND ND
Frutose
White ND ND ND ND ND ND ND
Brown 1,080.74108.3* 567.7432.6%  475.7421.1°  598.1+51.0°  682.8+58.68° 949.3+79.6°  804.8+65.4°
Total
White  2,419.14247.8* 2,590.0+78.5%  2,013.5£264.6° 1,523.2+141.0° 1,457.1£120.3° 1,427.9£116.4° 1,441.5+81.7°
) Brown 0.75+0.01° 0.590.04¢ 0.76+0.01° 0.85+0.00" 0.86+0.00® 0.85:0.00° 0.88+0.00"
G/T
White 0.55+0.01° 0.52+0.01° 0.50+0.00¢ 0.52+0.01¢ 0.53+0.01¢ 0.60+0.01° 0.60+0.00°

YRatio of glucose compared to total free sugars.

IMean+SD (n=3) within each row followed by different letters are significantly different (p<0.05).

INot detected.

333.1-808.3 mg/100 mLS} 769.4-1,352.1 mg/100 mL2] ¥
& FEF TF T 7P =A HEE M, maltose(FP] 2F
Ad), 66.1-201.4 mg/100 mL; Bn] 242, 368.2-726.4 mg/
100 mL), raffinos(&"] 2FAe], 24.9-73.8 mg/100 mL; ¥iu] o}
Ad], 195.3-511.5 mg/100 mL) <=0 & 1| ]t}. Fructose2]
73%-, n=E drlE o83 A EY] Ea 194}0] 0.5 mg/100
mL7} ERIE| O, UE 2UXFE = AEEA LUt v
23 dnje} win|F ol&slo] WA E AxT o F FT
skeRo vy 19Alo] ZH2E 1,080.7 mg/100 mLe} 2,419.1
mg/100 mL2 a7} 23] wet sk FE B3
t}. u|=2 du|e} wWn] vbhe]o] 4| F2|goll thet glucose
O] HIHG/TyS 243 A}, |n| b9 49 48 194
o= G/T Zho] 0.75, BHa 2¥Aol= 0.592 G/T gro] 54
5] A4Sl oL, o]F tA] F7Ksko] 0.88= UEINITE BHH,
% Fo9 o] =2 Wn| wgee] B¢ G/IT glo] ¥R
192}0]] 0.552 @n|ET} 0.20 Worom W 743t 0.60
S7FotANRE, An| whd |9} 0.289] Alo|E ERH. o]
ot A2 vhhE o] =8 {2 glucoseo]H, RIEE &
o] d-g )7} win] g2 ot A4 g-2ge] tigt glucosel]
[€0] H2 AL & 5= AU E3L =Y AlgatbdeE] 8%
off tiet el AF 2 glucose®] §FOl HF =7 UE
O w(Park 5, 2011), glucose?] TS Y7o £5F U £Q
T, 84 27 9 4%, da 244 gt §2g kol

5

ju s

—_

o

Alolg YepHCtal B 153t Lee 5, 1996).

ol

SH=d sietE ot o s 84

nj=2 dAn|e} win] v o] Fulsd SltE o R &
ARt 4 AR A3k Fig 20 YEriSlch Suls4
sigtE T2 242 v=2F dn| 24 42.00-93.37 mg
GAE/100 mL&} ¥in] 242 36.97-76.08 mg GAE/100 mL
o] W= vEhoH, dart IPEsS Suld oibE o
Fo| S7Foto] Ia7|I7t 5 dE 7Rl dnl whE(93.37
mg GAE/100 mL)?} W] 2142](76.08 mg GAE/100 mL)7}
M 8 T2 44 UERtHp<0.05). DPPH itz 4
A &g w22 @} W] ubdejofl A 247t 14.91-19.95
mg TE/100 mL2} 5.37-7.15 mg TE/100 mL9] k& HSlo
™, ABTS 2}t|Zh &AL 3| pde]9} win] ubde] 7t
7} 25.41-35.54 mg TE/100 mL2} 6.49-15.60 mg TE/100 mL
o] HE YEtlth At @49 2} Juled skE o
T o] Yart APdrE foFor Tk AT
LR SITHp<0.05). H|22 @& o83t vrdeg = ¥n|
AeEn 2 SHEd e A e &S U
ERilom, of= 7 | 2az7} Hin| ehdeiHnt SHlE
Sl = DPPH B ABTS 2tz &AZ/do] & 4
o} Hw e wf & ALt fARE 25 UER|ITHKong
5, 2009). ERL dvl= Sl SRR 80-90%7F A%
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Fig. 2. Antioxidant capacities (total polyphenol content (A), DPPH
(B) and ABTS (C) radical scavenging activities) of ‘Makgeolli’
made using brown and white rice of ‘Mirchal’.

Values represent the mean+SD (n=3). Means with different letters (%)
above a bar are significantly different at p<0.05.

% (insoluble bound phenolic acid) M4l WHH HWinj=
53-74%% HilEo] F¥s/4 3RMEe] ol Zol7t 8l
O H(Kim 5, 2004), @r]E o]-&sto] YAE 519 o A
2]&4] 49l y-aminobutyric acid(GABA)7} R-9J%o=& =
o}x]1l, DPPH ¥ ABTS &tz AAE 5 T4 E40]
o}y B7E v 9tkChung 5, 2015),

3 guje} wn) sphele] B E4S 24 MR A
A3 SR BAS sl T AT Fig. 3(A)] LAY

S
A & oH, A2 FGE7A FH710E
A 23S 2EE o Arh(Abdiz} Williams,

2010). Fig. 3(A)ollA] v|=2 dn| o) Al 889 =
9] Zk -40lA 0742|9] YA 152 FAdstaL e,
221 wiu] ubde)= All 489 9] 7t 00114 67144]2 o
oA AR o] TF2 UEhdoEH w2 dn|et wn]
Az]e] £4 §4 AolE UElt. E3L n|=23 dn
8= dam 193] A2 479 59 7t -4 F2olA
TIES st o, IR 2UAR Y 1Y Al
A 09] gt F2ollA dE 153 35k e A& &
QI &= QIQiH}. W=z win] ubde]= dha 19xpe] A2 3
Aw0] 29 4t 2R2olA TlEs Bk lglod, HR
2UA}= A2 FAE] Fh 0 FollA, 3UARE 77 =
A2 /489 gk 13 2 ol I52 UEideEA a7
2ol W& AolE LEHIItk(Seong®} Chung, 2020). 821
B2 S HeE 79 AT dIE EA0A Bes 1t
of 35HoE Agsal = AR A_RIC=E Fofst
of Yehlis WHe® Fig. 3(B)ol eIt JHaA7t
=2 SAHLEY WA= 319 IFe=E vEyeH, A
A 152 raffinose, maltose, & 98| &=F 784 1§
Sk, S99 3, 9 2 glucose2 Al FAHE9] o9
oA EEEo] IFs Uelow, & WA 152 ABTS,
DPPH, pH % G/TE Al Fd&29] 39 gfof] #3x=o] 1

(E E

Eha
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Fig. 3. (A) Score and (B) loading plots of principal component
analysis of quality characteristics of ‘Makgeolli’ made using brown
and white rice of ‘Mirchal’.
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£9 Ukl A WA 18 S 998 e Y S
Wi SR W A2 il ool golA ery
THScong 5, 2016). o]ejgt Aol we} v]=E Fnje} ui]
spgelo] 4 54 Xol ST W] RS HY wol
W= 08 Ueton] wav|7io] B B4 B4 Aol
B4k ATE W U Bl SR W) IS W
Aos Ag.

o
19

2 %

£ Aol = dvlet Wn) wrdele) B9 542
Hwsl7] $15) o= Au] 9 W) 797k HEAA ojg
a8 242 AYRAL, 1 2UE SPUST FHE 24
2 Blo] v]2 @rlel Wn) gdele] Rl 2 EY
S42 Selsin WE 2UANE n|2F du] gas
UTE A 7.00% o AT 360%HT S L
<0 O

FE&S Bk Eart AgESE I sikE ERHEV
ok, 42.00-93.37 mg GAE/100 mL; ¥iu] 24, 36.97-
76.08 mg GAE/100 mL), DPPH(&1] 92|, 14.91-19.95
mg TE/100 mL; ¥n] uFZe], 537-7.15 mg TE/100 mL) &
ABTS )z 2745(du| ©-4e], 25.41-35.54 mg TE/100
mL; 9] uFdE], 6.49-15.60 mg TE/100 mL)T} 2+ &4k}
50l T7Fke S BACH(p<0.05), 71 5 n|=& o]
A7} &8 S Btk E3h nj22 Hdulo) wiu] a4z
o & 79T Z glucose®] Hl&= 2RI A}, @r] T
oA AA FEF F glucose o] 0.88%, win] uFAe]
0.605EtF =2 A SRl wH, 7H8A 13 & T
(@n] 948, 9.20-14.33%; ¥in] ubAg], 17.46-29.75%), &
(3] 9k, 11.80-17.40 °Brix; 0] uFAg], 20.40-28.23
°Brix), 3rd(&u] ukAe], 4,369-8,859 mg/100 mL; HH]
2Fde], 8,275-16,064 mg/100 mL) H & g (A0 o
e, 475.7-1,080.7 mg/100 mL; u] 2FEA] 1,427.9-2,590.0
mg/100 mL) 4 A3}, n|2% WolE o] g3t w7t |
u] wkd 2B} =A Vet ol2fst 23E vige s 34
£ 24 23 Al 95 2 A2 AR 47 72.56%2
1548%= UEeltom, v|23 dulel wiu] ukge|e] £4 &
go] FEER= Ao=E YEth E3h v|E2F dnjel wn|
o] o] 4 B4 Aol UEli= 89102 E fed &
Fog yehgtor, war|7lol b2 F4 B4 Aol F4
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