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Abstract

Bitter melon powder (BMP) was used in the preparation of rice nuruk (RN) and makgeolli as one of raw materials.
RN containing BMP (BMP-RN) was prepared by adding 0~2.0% (w/w) BMP into rice. Fermentative microbial,
and antioxidant characteristics of makgeolli were determined during the fermentation process. pH during fermentation
decreased from 4.52 (0% BMP-RN), 4.93 (0.5%), 4.80 (1.0%), and 4.88 (2.0%) on the initial fermentation day
(day 0) to 4.15, 4.30, 4.57, and 4.59, respectively, corresponding to increases in acidity from 0.64~0.70% to 1.17~1.28%,
respectively. Soluble solid contents increased from an initial 2.2~4.4 g/L. (day 0) to 9.0~9.3 g/L, and alcohol level
increased up to 13.0% by the end of fermentation (day 7). Soluble phenolic contents increased from 0.92, 1.01,
1.32, and 1.41 mg/mL on day 0, to 1.85, 2.03, 2.24, and 2.48 mg/mL on day 7, respectively, while the levels
of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2/ -azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt
(ABTS) radical scavenging activities and ferric reducing/antioxidant power (FRAP) assay increased from
46.95~70.04%, 55.33~74.13%, and 0.629~1.243 on day 0, respectively, to 54.98~83.4%, 70.34~92.39%, and
0.964~1.455 on day 7, respectively. Makgeolli made with BMIP-RN had higher soluble phenolic contents and antioxidant
activity than those of makgeolli made without BVIP-RN. These results suggested that BNP-RN made a functional

makgeolli.
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A Gele] lom, Wiaky 3 vy bl 14
o} =4} aromatic flavors & f-7]4F So] d-f-5 o] 3
(2-4). 53] Wang (5 WAz =HH kst B4
4-hydroxybenzaldehyde,2-(4-hydroxylphenyl)
ethanol(tyrosol), frans-ferulic acid, cisferulic acid %
1H-indole-3-ethanol(tryptophol) 52 H-2]ate] B 115}9]
R AL B g0 S el 4R A
el M AEe WA Aoz, e wE HPeln A
2AE Reelr TFor Eo] FE F8 g4l
=1(6,7), TS5l vt n|AYEAe] 2ol v, o] wfjZo]
Hde] BRI FAEA, I ALY B daes T
% ool @eA R Hde e A Fr AR, ot

- 259 -



15 o] dTh(1,10).

o S(Momordica charantia)= 2Y2}2] Qo] & 2 bitter
squash, bitter gourd, bitter melon, karela 2 goya 2= &2
Ayha o 2 ofAlo}, Folz e 7f, FolrEl7F B ol
2 7het 2 QiAo A Al Fiae] WIZEeH X5
Az de] AMEET JokiL12). o
triterpenes, polyphenols, saponins, alkaloids, proteins, K, Ca,
Mg, Fe, Zn 52| v|v|Z3} vitamin C, Scarotenes ThH
rata lem, 53] nlAds e HIEIC, BIERIASL
2] F8o %%‘301 AL lTk(11-14).

b 2 Ao A= FulolA Aiks = o] -84
SHE Al oAF H7 BAFSEE Axsta o] & o] &5t
Az Alzste] wrde] By F olsleld 543 ksl
2= AESAT

F= glycosides,

HUE, 7F U A
WAL gt oAl TRl vl A e gl A
2014% TQ%M A3 As Fadol ARSIl L, o5
= 20144 3¢ 3

zsLokoﬂ 3 = 2.3}
bitter melon powder)—% ol /‘}B‘ O}Mr/} Xﬂ
3 FFol= A ey 2

oMM Ht TR Aspergillus oryzmes &% ‘“0} /\}&5}}“‘
e HEE A ERE d=E T Y3 (KCCM, Korean
Culture Center Microorganisms)©l| 4] £k kol B #8}a1 9)
Y Saccharomyces cerevisiane KCCM 126842 /\]—3-5‘}“
n] Y2 vl F8- vl 2| = Lactobacilli MRS brothfagar 2 potato
dextrose agar= DifcoAHBecton Dickinson Co., Sparks, MD,
USA)oll A -93te] AM-3FS9 T 2 N Folin-Cicalteu phenol,
2,2-diphenyl-1-picrylhydrazyl(DPPH), 2,2 " -azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid) diammonium salt(ABTS),
2,4,6-tri(2-pyridyl-1,3,5-triazine)(TPTZ) % gallic acid-<
Sigma-AldrichAKSaint Louis, MO, USA)°l| A +<]8}e] A}
s34k 19 e Aoke Bed) Hek B 5L 1S
F1se] AbgET,

ofF B2 R MFS A=
o] F e BFE A FE Cho 5(1)9 W Fato

A 23R A oryze2] 3t plates BT 5FS 100 mLol
FIAE AGAA 75 AZXE A% THe=E /\}% sttt
W25 kge Dot BE A S the oF 34ul9] 2 st
20C+200A 12417 =3 & 3083 718 A AT
E717F AAE & FAO A% ofF £2L8 0,05, 1.0 2
2.0%(wiw) H7Fstar vlg] £H|3E A oryzme T 100
mL(5%, vjw)Z} BHFZFS 200 mLS 7}ate] wk=ali)
FEE 500 g 5 v A okl AP RS
Eglolo] Y1 AR G2 F 20Tol|A] 547 TAF el
3] 4w 74 “‘}w Ak FETF B FES AL
A AAAZR A7 & JAYE A A Ee] 2dE
A z3ATh BAE T2 4T3 YA HahHA
Aol A}-8-319]

ofZe| ®M=
2Az] A2 GA] Cho S(1)<] HHol
o A 2,000 g B AN e 2EE 2L RO
Ao A] 12A17F AR e 1L 3057 E7]12 A A
g7l7} A" Z42ke] A& 3 100 Coll A 1A]7F B3t =2}
T Wzysisi. “‘7@ AlZE T5(200 g)¥} 87400 mL)
Z 10 L 2aFe] ¥l AR 40 mLS HE8ka 25Tl A
19 Bt FaEate 7 %Zﬂ_l_(l% S)ela 2AE H
2,000 g, 75 200 g ¥ HASF 4,100 mLS 1T G535
g o] Yo otk @gske] 25TCAA 74 Bt 2 asks
th 79 g d wde]E 4189 N 2IAR AR oj3}ste] o]
_‘?‘_

}

ol

sl A%

o
(]
R

ol
iR r
T

pHe} AT

Utz e W 2 pHE 973k A2 50 mLE Al&3he]

=% ;]-Oﬂ THpH meter model 3510, Jenway, London, UK).
ZAEe o373l Al F 10 mLel] 0.1 N NaOH §91o =2 pH
8.310.17}%] F3AH A" mL 5 73 & 2

(acetic acid)o.2 BHAFSFA TH1S).

Z2H(%)=~FEx0.006% 10

7t IHEBrix) 2 ¢3S &

Ade] BE F 7HeA 18 E(CBrix)E o 73 A8
4] 2] 7] (Hanil micro-12, Daejeon, Korea) 2 94 & F/]?}
T AedE FHole] 22T E=A(N-1a, Atago Co., Tokyo,
Japan)E ©]|-8-3t0] S 3T %}i% e g AR
100 mLel 58] S/TE 71 & S/ vy THAE
o] g-3lod =431 2™ Gay Luccac TableS ©]-83to] 15T
2 BAYATHT).

yas
sde) v RS 2L oo A RS Aie
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Az 105 AN e 2 AYs] 3431 bromocresol
purple(BCP) 0.02% = 3H-3F Lactobacilli MRS 3 Sl %] o]
Tretal 30ColA] 48A17F vk & A ks Algate]
A2 8%lal, 2T Potato Dextrose Agarc]]
chlorampheaicol(1.5 mg/mL)°| & vjA] o] =Egh &
30°CollA 48217 vl & AAE Fegs AlFste] Als
mL% colony forming unit(CFU/mL)Z F A8 TH?).

£=84 phenolics &zt

] &g F 484 phenolics= Folin-Ciocalteu (16)
o2 st Hads AR & AedE FAst
©§ 0.45 ym membrane filter(Dismic-25CS, Toyoroshikaisha
Ltd., Tokyo, Japan) & o] 3}5to] of 2kl 2 208l 3] A& §
0.5 mLE A3 o] £33 25% Na,COs €9 0.5 mLE
H7vele] 387 AXA|Z] T o] 7)ol 2N-Folin-Ciocalteu
phenol A|2F 025 mLE F7}ete] &3t 30 C+12] i %F
7104 1IARE E<E FRAA EAAIZA T w32 g
= A(Spectronic 2D, Thermo Electron Co., Waltham, MA,
USA)E ©]-&-3te] 750 nmol| A S8 =85 S48ttt o
8- phenolics &3 gallic acidE ©]-8-3l] 2HJet T+
Fo2RE FFE T

DPPH 2icizt 27 g4

DPPH o]z 2A 24 S 1.5%10° M DPPH €9 0.8
mL7} 5H] 8|4 g g o2t 02 mL& 7Hek & 1033t
vortexd}al Aol A 30 WA gF & -3 (Spectronic
2D, Thermo Electron Co., Waltham, MA, USA)Z ©]-&-3}o]
525 imoA FFEE S8IATHLS). o4 2T = S/
TE MR, S-S AP 54 T R
£ Tt oo} o] MEE(%)E FAISHATH

DPPH &tz &A &4 (%)
= [1-(AA 1Y FFE/SA tETo F3%5)]x100

ABTS 2ozt 27 g4

7 mM ABTS &9} 280 mM K,S,0 &9 F&o
a10] haell A 14~16A17F BAAIA Bt Zd-& APAIR £
o] F et} oF 1:88 H] &R 410] 734 nmel|lA] iz
o] EF% ko] 0.70+0.027} HEE o g2 Al
ARSI T 108) 848k Wb o2kl 0.1 mL} ABTS £
09 mLE Egste] 3027t A" &3sta 381 vhgAIZ
T 734 nmoA FREE SHFATHIS). ABTS &tz
2AG] g AEFY 548 2T FFEE Fok
olzfjo} o] ME-&(%)Z FAISIT]

f

ABTS 2z &A 4 (%)
= [1-AE 79 T35/ x99 F35)]%100

FRAP(Ferric Reducing/antioxidant Power) E23

28 45 913k FRAP A 22 300 mM sodium acetate
buffer(pH 3.6), TPTZ Al 2E(10 mM in 40 mM HCl) ¥ 20
mM FeCl; 845 10:1:19] §-3] ¥]& =2 Z3sto] A Z3131
31 37CA A 158%F dldate] A&ttt sl sl gk g
o]zta] Al 0.05 mLe} FRAP A1<F 0.95 mLE A& )
Foln e £33 3 1583 WA | B EA S

AFg-3le] 593 nmolld FHFEE A A TH1S).

SHXz

7t AL 33] vk Feeisia, A4 A¥e SSP 120
package & AHg-sto] i
= #71stlem, #2od AL p<0.05 =4 Dumcan’s

multiple range testS A AI3FS T}

ge F 0|5ty 4 M|
o] E2 37} A5S(BMP-RN, bitter melon powder-rice
muruk & ©18-3te] Az whde] BE F olged 54
A 2 A3E Table 13} 29kt

oAF B8 T3 AFS(HET, 0% BMP-RN) 2.2 A
zg vhde] o] g A% pHe 452004 HE 194 3572
2 J43] Holxla, o] Fof| A3 Frtste] L& 79
4.15 YAt @A ofF B U BrEE T EG
< pHE YEHRla, pHE 5 A% 4.83(1.0%
BMP-RN)-4.59(0.5% BMP-RN)°| X HA] 37494 5L
sl WE 194 5438] S713, ol A48 F7skith
(Table 1). pH= 2Hde] B8 28 FJ=o} 438 A A=
E Az 4 e $83 AR R o] &HT17).
5 A% pH zkol= 75 ztold] 71918 oz At
Ao oF Hrb 2o A|%3 il it ofF T}
TERG pH7F =ou, BE 194 A A 7291
4002 27] Fat 24 Tl tslxe ke Aoz ik
=tk Choi 5(18)2 AT E o] & Metg 2y & Ig
Z7] pHE #43] Hast & 28 F7)5H guke] S71sh
tha Buste] 2 A Aol dA|sik =g Cho 5(1)
& A et 28 HUb FEORE Az v A
FA7EY e A5 pH7tF Yrha Haste] & Aok
HA3] pH7} #H4skar o] F HE TR AR AA 8]
7t dte] W e FAERAT

Ams FEUE AR we P Sk Ad
Hol g %27 060~0.78%°14 L& F7] 1.18~1.42% )
ATH(Table 1). A== wHde]e] AE HSE g4 ¢ &
UE 201 it opg) vkg F oA HatH o Ay
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Table 1. Change in pH, acidity, °Brix, and alcohol contents of
makgeulli during fermentation using different bitter melon
powder-rice nuruk (BMP-RN)D

Parameters”
Fermentation ~ BMP- —
fime:(da) RN o (%, asAggtti}c, acid) *Brix (1}7:?03(\)/1)

0% 4521013 0742003 22009 ND’

. 05% 49310.15 0.78+0.00° 2.640.11" ND
10%  480£0.12° 0.60+0.02° 3.0£0.12" ND
20% 4884013 0.78+0.0%° 4.4+0.10e ND
0% 357008 0.92£0.05™ 56:030"  7.0:030°
05%  390:0.10° 1042004 56:026'  6.0£028°

: 10%  39320.12° 1.12:003" 64£028"  60£032°
20% 4262013 1.22:007" 68:032%  8.0£040"
0%  3.78:0.11° 1.60£0.01° 641029 901044
05%  397:0.12° 140£0.03" 641025 901045

2 10%  4130.10™ 1.3240,05™ 661033 110:052"
20%  439:0.09° 1.60+0.04° 80:042°  11.0:055"
0%  388:0.12° 146+0.02" 70:03%  11.0:053"
05%  399:0.11° 1.44006' 70:027° 1102057

} 10% 421013 132£003" 80035  13.0:061°
20%  443:013° 124002° 841040"  13.020.66'
0% 396008 122:002° 741029 12.0:060°
05%  40320.10° 1.1240.058° 741025 12.0:057°

! 10%  430:0.09° 1.10+0.08° 84:038°  13.0:0.68°
20%  450:006" 1.08:0.02° 88:040° 1302065
0%  4070.11° 130£0.03° 745032 12.0:0.64'
05%  4.1420.12° 120£0.03° 744027 12.0:065°

° 10%  438:0.10" 1.08+0.04° 84:035°  13.0:0.70°
20%  45740.15" 1.14£001° 88039  13.0:0.68°
0%  4.17:0.10 1.3040.06" 84:040°  13.0:0.64°

] 05%  423+0.08° 122:007" 84:042°  130:067°
10%  447:016" 1.100.04° 9.0+0.38'  13.0:066'
20%  468:0.14" 122:002° 921044 13.0:065"
0%  415:0.12% 14240.03" 931040"  13.0:069"
05%  430:0.10° 1.4040,02° 86:038"  13.0:0.68°

7 10%  457:0.11° 1.182005° 92+043"  13.0£0.64"
20%  475:013" 1.3040.04" 92:039"  13.0:0.65°

Y Sacch. cerevisize KCCM 12684 seeds were innoculated by 5.0% (v/v) into makgeolli
and fermented at 25°C for 7 days.

PAll values are meanstSD of determinations in three independent experiments. Means
with different lowercase letters (a, b, c, d, e, and f) indicate significant (p<0.05)
differences of fermentation times by Tukey’s multiple range test.

3)ND, not detected.

o2 pHsl 3 HAelel wE 09 4%E < 5 9l
Za8 AmYRo] ), A W] A P 4
of v, 2w, 0] 9 4] S} o] spaele]
BEYO] PP FrH619). ol Wizt A A &
g gt 5 AR 4gow A4E 4F 4710

T2 ZAA-FESE A A23H A2E (2016)

o] A=yt 71 Aoz FAHEATh o2 Cho B(1)
< pHS} 2b=o] Aol = AR el B 7ol wle) A=
H F5o Aolof] 701 A2 I, B AT JA
pHS} AF=o] Zjol= o F B H7lof meh Al2E FEe
zpolol 71918 Ao FATE Ak

7HE L E(brix)> o F £ HUbEo] S E
7Hd PR STk, 'e AF T3S 22 “Brix
A, F B2 H7M7E 2.6~4.4 °Brix 70|tk A
g 1987 7HAA B B 543 Sk 5.6
°Brix(0% % 0.5% BMP-RN), 6.4 °Brix(1.0% BMP-RN) 2
6.8 °Brix(2.0% BMP-RN) 0|3 o.H, o] Fof Ar3] &
7Vate] wtE 8 A Aol & 8.6 °Brix(0.5% BMP-RN)-9.3
°Brix(0% BMP-RN) & ©|¢l o}, A tn} B A7}
W ge= A QIthTable 1). HEF ] 7184 13 &
53 B e AR ¢3S A AR TR/
71w dute] Jge Fe e A o
(17,18). Kim 5(20)9] 4715 o] &3 Svls 4] &8
T BEv TR 1947 g3 S7ie & I8 77
MA8 7kt & AFA T fARFE A, AL A3
Tub B8 HUF F5 o8 e 2y T AFAYE B
AFZAZe} T3 dE FFS e

Table 194 B vle} Zo] 438 PJFS 2te &
7Hed o] Wstel FLoHA TR 19744 5439
=718t 6.0%(0.5 2 1.0% BMP-RN), 7.0%(0% BMP-RN)
2 8.0%(1.0% BMP-RN)Z f-o]d o= ZF7latsla, o] &
E7F Kl wet F7ke] e ekt Apol 7t llen,
g 795 RE AFA 13.0% BAEAT. &2E
< =9 HEGo o] JEFs = T8 FJEeR
&4 5 tha Eolof dtha Baus 3 lrh2l). & A7
ofF B AFEoR A e BE 5 dI3E g7
o] zfol= FFo| T3t polQl Ao m AdE o}, T
B T8 AR E A7t sl a, A el i Aot
AFE0 2 Az e AAl & ATk FAFATHD).
Fo g 7 T 9 O 2 gk, 43s A E R
SAdzte] FABAE Tk AT 28 Ao AR

[e

=

¢

X

O:

e ok

i)
=

wE F oS #s
BMPRNZE Azt 2pde|o] Whg 5 Ziktsel 8%
Z =733 A¥= Table 29} 23Utk H&E 717 Bt 2L
= TE 6LATMA STkt R LA ot 2
3, ARTTE HE 447 SR o] &
73S JeRid gdaktde 95 23 6.37-6.67
log CFU/mL 304 W& 98 % 8.11~8.36 log CFU/mL
FEOR FolHo g I oH, ARTETE 615677
log CFU/mL|A] 8.00~8.19 log CFU/mL 5322 JA] H
oF oz Z7IeIt e HEsF e Feb At

RS
z

S e

£
A
TEAS
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Akt AR 794 Ae|7h it

e B8 3 frlakel Ao pHYt AAastal Ea
=, ofladt B {74k 5] SRghEo] A% whEsto] o~
H2 5o grlidiol A= e, of W &2s, F7I14,
opr] =it T Aol a3k 4L sk Aol MRt

Table 2. Change in viable cell numbers of lactic acid bacteria
(LAB) and yeast of makgeullf during fermentation using different
bitter melon powder-rice nuruk (BMP-RN)D

Viable cell numbers (log CFU/mL)”

Fqnnenga;ion BMP--RN — :
time (day) Lactic acid bacteria Yeast
0% 6.67+0.357 6.77+0.30°
. 0.5% 6.79+037 6.85+0.35°
1.0% 6.74+0.30° 6.80:0.31°
2.0% 6.37+033° 6.15+0.28°
0% 7584038 7.62£0.40°
| 05% 7.75+0.34° 7.7840.38°
1.0% 7530.36" 7.6420.34°
2.0% 741+030° 7.55+0.38°
0% 7.86+0.39° 7934037
) 0.5% 8.33+0.42" 8.50+0.40°
1.0% 8.19+0.37" 8.06+0.39°
20% 8.2120.40% 8.4240.44™
0% 8.30+0.45™ 8.41+0.44%
; 05% 8.5620.42° 8.770.48
1.0% 8.7120.49° 8.730.48°
2.0% 8.6610.46" 8.6710.43
0% 8.150.42° 8.9040.50
. 0.5% 8.96+0.51" 9.68+0.55"
1.0% 9.19+0.48" 9.62+0.52°
2.0% 9.01+0.46" 9.16+0.48"°
0% 8.24+0.40" 8.5440.45°
. 0.5% 8.87+0.44® 9.11:0.52°
1.0% 8.78+0.44 8.96+0.40°
20% 8.65£0.40" 8.77+0.48°
0% 8.52042" 8.26+0.40°
p 0.5% 8.49+0.48° 8.5040.47°
1.0% 8.60+0.46° 8.37+0.43*
20% 8.44+042" 8.22+041°
0% 8.36+0.42" 8.00+0.46°
; 05% 823+0.40" 8.18+0.44°
1.0% 8.13+040° 8.14+0.42°
2.0% 8.11£0.44° 8.19£0.42°

D Sacch cerevisiae KCCM 12684 seeds were innoculated by 50% (vjv) into rmkeeolli
and fermented at 25°C for 7 days.

PAll values are means+SD of determinations in three independent experiments. Means
with different lowercase letters (a, b, ¢, d, and e) indicate significant (p<0.05)
differences of fermentation times by Tukey’s multiple range test.

(1,6,20).

2E § T84 phenolics &2 H3}

BMP-RNS- o]-&3l] A %3t whdg]e] vhg =oF -84
phenolics €& W3}= Fig. 13} 23ith —r%é phenolics
Fee ofF B W] F185% oMo bl
93, W7} Aol wet 4] fold o 2T,
g A3 £H7 $EEE 092 mg/mLol| A HE 7UH)
1.85 mgmL= F71st9a, H7b 2Hdele 28 0YAl
1.01(0.5% BMP-RN)-1.41(2.0% BMPP-RN) mg/mLo]| 4] &
& 7¢A Z+2} 2.03(0.5% BMP-RN), 2.24(1.0% BMP-RN)
2 2482.0% BMPRN) mgmLZ B3 A% Ht} 9F 1.3~15
ST T

S8 FehuwolE So FeslE HFRE AEAY
22} ARFE- B A gkel 9 3k = ohoks Al EAd S
Viehe, 53] gatsk £ phenolics 31l Tolahe
Ao Z HuF 1 9ti(11,22). Cho S(1)& A +u} £
%7]. _‘l:%oi xﬂzd n]—z__,jg] oﬂ/\] tﬂ-}i X*ED} tﬂ-E _‘_oﬂ
=84 phenolics &3Fo] 718 A o2 Hasle] B Aol
Tl e, o] ol fe BaEVF P wet FHow
FE nAd=e] Zaatgdl o 2% phenolics7} 4373 ¥
cﬂ T&M phenohcs zﬂ—al:o] __7].5} 74 oz *rxé ].oﬂq,

[ 0% BMP-RN
[ 0.5% BMP-RN a
25 [ 1.0% BMP-RN a
M 2.0% BMP-RN aby

<
' iy ddd d
d € S
05
o . ‘
0 1

Fermentation time (day)

~
=1

(GAE mg/mL)

Soluble phenolic contents

L L

3 5 7

Fig. 1. Change in soluble phenolic contents (SPCs) of makgeolli
during makgeolli fermentation using different bitter melon
powder-rice nuruk (BMP-RN).

BMP-RN, Sacch. cerevisize KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeollf and fermented at 25°C for 7 days. All values are meanstSD of determinations
in three independent experiments. Means with different lowercase letters (a, b, ¢, d,
and ¢) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range test.

WE I BME BN

BMP-RNS o] §3tc] A 23 whdele] W& 5 445
& Fig. 249} Zokch Garsl @4JL 484 phenolics
grke] S7het B %37} WEQOH w2} vAﬁ oi
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e ok 12~1.58 2 ABTS oz LA e o
A~1.3v & AL 11~1.59 EAUTh

DPPH 2}t]Z 2AGAH 2 A5 B8 7] S7tes
felHo Zrlem Rt AdEd met 94 2t
Fom, g7 AF oF Bdo] ArlEA &L LRI
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Fig. 2. Change in DPPH radical scavenging activity of makgeolli
during fermentation using different bitter melon powder-rice nuruk
(BMP-RN).

BMP-RN, Sicch. cerevisize KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeollf and fermented at 25°C for 7 days. All values are meanstSD of determinations
in three independent experiments. Means with different lowercase letters (a, b, ¢, d,
and e) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range ftest.
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Fig. 3. Change in ABTS radical scavenging activity during
makgeolli fermentation using different bitter melon powder-rice
nuruk (BMP-RN).

BMP-RN, Sacch. cerevisize KCCM 12684 seeds was innoculated [5.0% (vfv)] into
makgeollf and fermented at 25°C for 7 days. All values are means*SD of determinations
in three independent experiments. Means with different lowercase letters (a, b, c, and
d) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range test.

2.0
[ 0% BMP-RN

[ 0.5% BMP-RN
16 | 1.0% BMP-RN
B 2.0% BMP-RN a

a a a
b b b b
12 bc b
c c ¢ [
od d cd
0.8 e e
e
0.4
0 1 3 5 7

Fermentation time (day)

FRAP assay (ODs93 nm)

Fig. 4. Change in FRAP value of makgeolli during fermentation
using different bitter melon powder-rice nuruk (BMP-RN).

BMP-RN, Sicch. cerevisize KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeolli and fermented at 25°C for 7 days. All values are means+SD of determinations
in three independent experiments. Means with different lowercase letters (a, b, ¢, d,
and e) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range fest.
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