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Quality characteristics and antioxidant activities of
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Abstract

Bitter melon powder (BMP) was used in the preparation of rice ruruk (RN) and makgeolli as one of raw materials.
RN containing BMIP (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, comresponding 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 BMIP-RN. These results suggested that BNP-RN made a functional
makgeolli.
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SR 0TH WA F 1 A1 A
TSR 8191, SRS+ Potato Dextrose Agaroﬂ
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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)”

2
Parameters”

Fermentation BMP- —
time (day) RN pH Acidity °Brix Alcohol

(%, as acetic acid) (%, vIv)
0% 452:013™ 0742003 22009 ND”
0 05% 4932015 0.78+0.00° 26+0.11" ND
10% 480012 0.60+0.02° 30:0.12" ND
20%  488:0.13" 0.78+0.03 44+0.10e ND
0% 3574008 0.92+005™ 56030  7.0:030°
05%  390:0.10° 1.04£0.04 56£026°  6.0:028°
! 10%  3.93:012° 1.12:0.03° 641028 6003
20%  42610.13 12007 681032 8.02040°
0%  3.78:0.11" 1.60+0.01° 64029 90:044"
) 05%  397:012° 1.40+0.03° 641025 90045
10%  4.13:010* 132005" 66:033  110:052"
20%  43920.09" 1.60:004' 80:042°  1102055"
0%  388:0.12° 1.46+0.02° 70:033  110:053"
05%  399:0.11° 1.44+006" 70£027  110:057°
’ 10% 4212013 132£003® 80£035"  130:061°
20%  443:013° 1.24+0,02° 841040°  13.020.66'
0%  3.96:008° 1.22:002° 741029 1202060'
05%  4.03:0.10° 112005" 741025 1202057
! 10%  430£009° 1.10:005" 84:038"  130:0.68°
20% 450006 1.08+0.02° 88:040"  130£0.65°
0%  407:0.11° 130:003" 741032 1202064
05%  4.1410.12° 1.20+0.03° 744027 120:065
’ 10%  438:010° 1.08+0.04° 84:035"  130£0.70°
20%  457:0.15° 1.142001° 88:039"  13.020.68'
0%  417:010% 130006™ 84:040"  130:0.64°
05% 4232008 1.2:007" 84:042° 1302067
6 10%  447:016" 1.10:0.04° 90:038"  13.020.66'
20%  468:014" 1.22:002° 921044" 1302065
0%  4.15:012" 142:003° 93:040'  130:0.69'
05%  43010.10" 140+0.02* 86:038"  13.020.68'
! 10%  457:011° 1.1820.05" 924043 13.0:0.64'
20%  475:0.13" 130:0.04" 92:03¢"  130£0.65°

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

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

IND, not detected.

olg] A=rt S7HE Aoz AAE Ak o] g Cho S(1)
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°Brix(0% 2 0.5% BMP-RN), 6.4 °Brix(1.0% BMP-RN) %
6.8 °Brix(2.0% BMP-RN) =0]%l o1, o] Fof] 3] 3
7}ete] WwE E8 XA = 8.6 °Brix(0.5% BMP-RN)-9.3
°Brix(0% BMP-RN) 5~ ©|9lou, A mtn} B 37}
Y ge= A $ITHTable 1) HEF o] 7184 32
E3 o e gro 438 WS AR FRO
G719 EY datel] JFS FE Aoz dEA gl
(17,18). Kim 5(20)¢] 47|45 & o8¢ Snls 2hde] dE
T TET EE 1947 353 S & IR V174
MAE S/ B ATED fARE R, GAL AR
Tub 2 HUF RS o8 Ay 3E T A7EANE 2
A7Aze} FUZ #HE FFS YeERRATH

Table 194 K& uie} Zo] 438 YT 4te &
7H nF R wistel U HE 197 5439
Z7}8te] 6.0%(0.5 2 1.0% BMP-RN), 7.0%(0% BMP-RN)
2 8.0%(1.0% BMP-RN)Z fro]&d o2 F7lels]al, o] &
g 7b zlegel whel 7] o <kt Aol vt Ao,
g 794 RE AlBAA 13.0% BT &2 o
< =o] HEHolY o YIS F= T TS
=T] F tha Eolof dthal B uE a1 QIth72l). 2 dATe]
oF B ArFo A e U8 5 43s I
o] Aol FH B5lE ApolQl Ao R FekE oy, B
B F8 AR = Abel7t )i, A et B 7t
Arso R Az e Al & A7 fAFsHATHY).
G E Y F B Y 4 99, d3s AN, AR

24ste] 4RTE TYets A7} W W Ao Alw

3
ol
o
=
=
Mo
x:3
o

BMPRNZ A|Z3t tde]e] By 5 Aol §Ra
FE 543 A¥= Table 29} 23k} HE 717 Sk 24k
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R, ARG LR 4GA7A] SRR AL o] ¥ st
= A% Ueplidth ikt e 95 A% 6.37~6.67
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Table 2. Change in viable cell numbers of lactic acid bacteria
(LAB) and yeast of makgeulli during fermentation using different
bitter melon powder-rice nuruk (BMP-RN)”

Viable cell numbers (log CFU/mL)”

Fermentation  py o

time (day) Lactic acid bacteria Yeast
0% 6.670.352 6.7740.30°
. 0.5% 6.79+037° 6.85+0.35°
1.0% 6.74£0.30° 6.80£031°
20% 6374033 6.15£028°
0% 7.58+0.38" 7.62£0.40°
1 0.5% 7754034 7782038
1.0% 7531036 7.642034°
20% 7412030 7554038
0% 7.8610.39" 7934037
) 05% 8334042 8.5920.40"
1.0% 8.190.37% 8.0620.39°
20% 8.2140.40% 8424044
0% 8.30£0.45% 8.41£0.44>
; 0.5% 8.561042° 8.7740.48"
1.0% 8.71+049"° 8.7320.48"
2.0% 8.66£0.46" 8.67:043"
0% 8.15:0.42° 8.90£0.50"
) 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% 8.541045°
. 0.5% 8.87+0.44® 9.11£0.52"
1.0% 8.78+0.44° 8.96+0.40°
2.0% 8.65+040° 8.7740.48°
0% 8.524042° 8.26:040°
] 0.5% 8.49+0.48" 8.50:047°
1.0% 8.60£0.46" 8374043
2.0% 8.44+042" 8224041
0% 836£042" 8.00:046°
, 05% 8.23+0.40™ 8.1820.44°
1.0% 8.13:0.40° 8.14£042°
20% 8.1120.44° 8.19£042°

"Sacch. cerevisiae KCCM 12684 seeds were imoculated by 5.0% (v/v) into makgeolli
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).

g & 84 phenolics &2 sl

BMP-RN= o]-&ato] Alx=gt Ae]o] w3 Ft 484
phenolics ¢+ W 3}= Fig. 13} 23kth 484 phenolics
ko o] F Bt Hrlgko] Z1e4E gojH o g =y)st
Qa, Wik AP wek 94 felH oz Sobeslnh
2 A% 2317} vbde] s 0.92 mg/mLol|A] HE 745
1.85 mgmLZ S7lekda, H7F ddele 2g 0dA
1.01(0.5% BMP-RN)-1.41(2.0% BMPP-RN) mg/mLoj| 4]
& 794 717} 2.03(0.5% BMP-RN), 2.24(1.0% BMP-RN)
2 248(2.0% BMP-RN) mg/mLE 27 2E 2o} 9k 13~15
W = F7hsac

g FetE ol T FjdlE e A EAY
22k A=A s 3 @t T T g e
UeRlH, 53] 3H4ksl €42 phenolics 3}3tE0] #olsh=

Ao HauH 3 9Ith(11,22). Cho S(1) Ao} B2
7‘(47} L[:E_oi xﬂzz‘ﬂ_ uLZ_:_],:/] oﬂ/\] ul—i =] E\Z} H]—E _?"r_oﬂ
284 phenolics glako] =713k Ao 72 Husle] B Ae}
T, o] olfe HEVF APHol| met TR =
HE nAd=e] 5a2kgel ol 24 phenolics7} A4/3 %
01 a4 phenolics zﬂako] ———7]—6]— oz .ﬁ_;d 1S 1:}_
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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. cerevisiae KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeolli 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, c, d,
and e) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range test.
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gre ok 12~1.54 2 ABTS o)z 2AZGAHL <k
1L1~1.38] 2 #9588 1.1~1.58] =Sk
DPPH 2}tz 2AZA L o F 8 Hrhge] S7Hes
o)A o g ket art xlsdd wet JA] St
Fom, §F A% o F Eito] HUpEA] ke T
Hdele 99 A% 46.95%0014 L8 Z7)(7LA) 54.98%
FE ARTH o 12v) AR SUlelTh o B AUt
FEoR AZI Hdzle 2E 044 52.78%(0.5%
BMP-RN)-70.04%(2.0% BMP-RN)oll A} 2t& 747 z}z}
63.10%(0.5% BMP-RN), 71.75%(1.0% BMP-RN) 2 83.40%
(2.0% BMP-RN)Z & 25 Ko} of 128 = 5716k
thFig. 2).

ol _”.m

],0:1

mE JU

120

[ 0% BMP-RN

[0 0.5% BMP-RN

[ 1.0% BMP-RN

W 2.0% BMP-RN a

g

o
=)

S
o

DPPH radical scavenging
activity (%)

Fermentation time (day)

Fig. 2. Change in DPPH radical scavenging activity of makgeolli
during fermentation using different bitter melon powder-rice nuruk
(BMP-RN).

BMP-RN, Sacch. cerevisiae KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeolli 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, c, d,
and ) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range test.
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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. cerevisiee KCCM 12684 seeds was 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, 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
[ 1.0% BMP-RN

1.6
W 2.0% BMP-RN a a a

12

0.8

04

FRAP assay (ODs593 nm)

Fermentation time (day)

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

BMP-RN, Sacch. cerevisiee KCCM 12684 seeds were innoculated [5.0% (v/v)] into
makgeolli 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, c, d,
and e) indicate significant (p<0.05) differences of fermentation times by Tukey’s multiple
range test.
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