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Abstract

In this study, the B-glucosidase activity and total phenolic and isoflavone contents and antioxidant activities during
Cheongguljang fermentation with bitter melon powder (BMP) were investigated and evaluation of the same was
performed. The level of B-glucosidase activity was increased at 48 hr and decreased after 72 hr, and the total
phenolic and isoflavone-malonylglycoside and aglycone contents increased, while the antioxidant activities increased,
but the total isoflavone and isoflavone-glycoside contents decreased during the Cheonggukjang fermentation. In
particular, the soybean with 5% BMP fermented at 37°C for 72 hr displayed the highest antioxidant activities,
among all the samples. The highest levels of total phenolic and daidzein contents and DPPH radical scavenging
activity, ABTS radical scavenging activity and FRAP assay results after 72 hr fermentation in Cheongguljang with
5% BMP were found to be 13.5 mg/g, 390.57 ng/g, 90.74%, 99.79%, and 1.705 (OD593 nm) respectively. In
addition, the more BMP was added to the Cheoggukjang, the more the off-odor of the Cheonggukjang decreased.
These results suggest that BMIP can be used to come up with a new type of Cheongguljang with improved palatability
and antioxidant activity.

Key words : bitter melon, Cheonggukjang, phenolics, isoflavone, antioxidant

MoOE

I} o FZ7} v FASFe] phytoestrogen©| 2t Sl

Z(soybean, Glycine max L. Miller)-2 $-2] T1£2] 255
ol AF AEEA QefARE AEA tild Fdo® ofF
83 A E AASkAL AUk Felle Syt ol gt
A, grshE, 7714 B Aol Fo dFd el T
skl QA A7 SE fg A =4Q dAA,
isoflavone, phenolic acids, saponins 2 phytic acid 52| /g%
o] g5l Atk(1,2). E3] isoflavone> Fol| s &2
< 7P dlxA< 754 e R A4 522< estrogen

*Corresponding author. E-mail : osjoo@gntech.ac.kr

Phone : 82-55-751-3273, Fax : 82-55-751-3279

Received 13 January 2015; Revised 4 February 2015; Accepted
5 February 2015.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

s}ekA 2= glycosides(24 ~25%), malonylglycosides(70 ~
80%), acetyl-glycosides(3~5%) 2 aglycones(1~2%) % El
2 EA3H3).

e SA Fol R (Bacillus subtilis) S H2 A A
THE ABURAFORE 23U AT F JoHAME
O Frt 55t A GFA, BAR e RE 7P BabAd
T AR e R g H L STk, 53] =2 9
ojuf Aol Hlal @A, Fgrofn| At BIERRI B, B,
2 Yololil Fo FHfo] mom FolA 7| sk e
243} kst o] b ErEe] Slo] ZHzEE A
s, Y, ek, datst 9 88 2 T vk
Aelgrgde] A7 Aol Haso] Jlrks). 3 A=
ol 7154 B F4 s Hal 24k EH A5,
HY(?), H15©®), "H=Q), E7H=9), F2H4), 2(10), &5
(1) 2 AFZ12) 5= ol &3 =773 A=z} 0|59

- 119 -



o

120

715573 digt A77F Bawo] drh

o] F(Momordica charantia L)'= 134 vlap2 &2 oz}
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3 At13). &3] oFE triterpenoids, polypeptides,
saponins, alkaloids, H]E}F] C, H|E}F! K, Ca¥} Mg 59
ndlF 9 Bcarotene & 2] 71| A ELAET g4t
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Isoflavone &2k

Isoflavone €+ #2412 Cho 520)] **ell 3} high
performance liquid chromatography(HPLC, Agilent 1200
series, Agilent Co., Forest City, CA, USA)Z #4]3}%1 11
4 column-S Lichrophore 100 RP C18 column(4.6x250
mm, 5 ym, Merck, Germany)< AH8-3l31t) o] 54 Sl
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Table 1. Changes in the viable cell number and G-glucosidase activity during the fermentation of Cheonggukjang without and with BMP

using B. subtilis CSY191

Fermentation time (hr)

C?zeonggu/g'aﬂg with BMP
%)

0 12 24 48 7
Viable cell numbers” (log CFUJg)
0% 6.98+0.34° 8.63£0.35" 9.81:0.38"° 10.890.41° 10.73£0.48°
1.0% 6.96£0.28° 8.6410.45° 9.73£0.48" 10.77+0.43" 10.61:0.51°
2.5% 6.9410.29° 8.63£0.35" 9.760.39™ 10.9020.44° 10.78+0.55°
5.0% 6.99+0.34° 8.71£045" 9.74£0.39™ 10.92£0.43" 10.77£0.49°
B-Glucosidase activity” (unit/g)
0% 5.8+0.12° 18.0£0.22° 2224025 2442021° 23.1£020°
1.0% 5610114 17.2+020° 21.8£0.23° 24.00.22° 234021
25% 5940.12° 18.20.19° 2231024 24.70.23° 23.240.20°
5.0% 6.0£0.13* 17.9021° 21.740.20° 24.5+022° 23.120.22"

) Cheonggutjang fermented without BMP and with 1~5% (w/w) of BMP.

DAll values are means of determinations in three independent experiments. Means with different lowercase letters (a, b, and c) indicate significant (p<0.05) differences of fermentation

times by Tukey’s multiple range test.

IAIl values are means of determinations in three independent experiments. Means with different lowercase letters (a, b, ¢, and d) indicate significant (p<0.05) differences of
fermentation times by Tukey’s multiple range test. One unit of B-Glucosidase activity was defined as the amount of enzyme that liberated 1 uM of pNPG.
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Fig. 1. Changes in the total phenolic contents during the
fermentation of Cheonggukjang without and with BMP using B.
subtilis CSY191.

All values are means 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.

phenolics o] =3k H=7 & 3 = phenolics $HF
< g4 S7FelATh oAF FH7 A=ge TR 27
(0 hr) 3.36 mg/g d.w.o1A] 11.93 mg/g dw.7}<] 71893
oA H7F A= JA HE T 4.82 mglg dw~5.42 mg/g
dw. oA 2E £71(72 hr) 1231 mg/g d.w~13.66 mg/g
dw. TF8 7kt 53] AAF 7V 5.0%7t 71
=& % phenolics 332 B thFig. 1).

Phenolics 3382 HE 2 EA9 di] &A8}a 4H7]
o} Fo] A Fej= QAo Thke AeEAe vERH
(23,24). g4tsl Ao Hst= Aoz delA AUh1,2).

T 3 oF2 ¥ phenolics FF S7h= IBES] B4 kS
o oJste] 2] phenolics 3Fo] S7Fakar ol whe} gk
s} @ido] S7kg A o= ATE T o e B AFAk
So] =3 ¥d 5 % phenolics $tdo| S71e nAE
2l B-glucosidase 2 esterase 52| &4 HE-g-o 9|3t

ﬁﬂ'i Histe] £ A5 Aot TY8kTh1,2,5,20,22).

R AFolA F3 F 7FH2FS] T8 phenolics SHIEE
caffeic, chlorogenic,
gentisic, p-hydroxylbenzoic, vanilic 2 ferulic acids® E 113}
9131(3,20,22,25-27) €3], Cho S(20)& &A1& 1 AA7A]| A
A B subtilis CS902] 3l L& H A =1742] flavanol] catechin
2 epicatechin®} phenolics acid®] gallic acid7} && £7]
2 TR Skt a Basigith g EYFE
AL, 0l g oiAle), ek, vk, S5A), 9, A8
5L SAE A7 A= A B Oﬂ:rLgr FrAFHAl LRt A=
ZHETE =2 phenolics -2 WER 2TH2,4,6,9,28). Choi
5(23)2 59| phenolic acid(gallic, protocatechuic, p

galhc protocatechuic, p-cumaric,

31?)11

g

-Hydroxylbenzoic, vanillic, caffeic, chlorogenic, p-cumaric
2 ferulic acids) 3 flavan-3-ol(epigallocatechin, catechin 2!
epicatechin) E.113}%) o1, o|& Y F& 3132 4H
grtsiA 2 de A St

o] F A7}k wWE isoflavone?] HPLC A EvE1H
g2l sk HslE AuE A3} Fgs. 2~3 2 Table 29} % 9\}11]-
HPLC A=ZrtE3 4 A7 37 HO ) 25 F
9%2] isoflavone {+=A|(daidzin, glycitin, genistin,
malonyldaidzin, malonylglycitin, malonygenistin, acetyldaidzin,
P"] AL
1052

genistein) 7} 7

dEso F

acetylglycitin, daidzein, glycitein 2!
9E $(72 hr) acetyldaidzin®] 1% ¢ 7
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Table 2. Changes in the isoflavone contents during the fermentation of Cheonggukjang without and with BMP using B subtilis CSY191

Isoflavone contents” (1g/g)

Cleongeuk: Fermentation

Jang withl) time (hn) Glycosides Malonylglycosides Acetylglycosides Aglycones Total
BMP (%) Daidzin ~ Glycitin ~ Genistin ~ Daidzin ~ Glycitin ~ Genistin  Daidzin Glycitin Genistin Daidzein Glycitein ~ Genistein

0 5077 1463 58916 9L 3106 1456 s, nd 3098 8678 3385  1802.81

2083 £1123* 2357 1364 +155  £578° 1245 #4340 1135 210

" 55891 26672 58148 1161 439 AT o 127188 T35 2681 198252

2795 10670 +2907° +581°  +2.18°  £885° 6390 £289°  £134° 49913

0% " 37623 18627 43279 11870 4657 17761 wd nd 201285639 3377 168961

¢ +1505  +931° #1731 475 £33 £710° +1045%  +282%  £135°  +8448°

8 24001 18253 25091 12577 8478 14684 1935, 30005 3407 2948 149279

£1000°  £9.13° 1004 503 +424°  £587° 077 L1477 £170° £LI8' 46T

» 24966 27321 21742 12671 11523 13466 4021 W B3 2128 1431 175601

1999 +1366°  +870%  £507°  £576°  £539°  £1.1% 2253 1064 057 +7024°

0 61292 21411 66203 9861 3180 15728 4 nd nd 2962 810 2548 191395

124520 +1071% 42648 +394°  +159°  4629° 1185 110 41020 +76.56°

" 56871 22337 60328 10987 3746 17501 ud L1400 288 199 192476

844" 1893  £3016° 439" £187°  £7.00° 456" 43640 +080°  +96.24°

L0% " 42357 20585 44126 9703 4438 14984 ud 721 5748 2761 166439

e £1694°  £1029° 1765  £3.89°  £222° 599" $869° 287  £L10° 8320

8 28163 20663 28700 14254 8508 16596 1938 . W 32003623 3105 163371

£1408° 1827 £1435° 1713 4340 £830° 078" £15.13%  £181° #1204 16535%

» 25919 35938 24844 12446 10225 1412 2291, W W12 Bo2 ny o 1AL

+1037°  £1798  £994°  +498  #511° 4566 +0.92° +1749°  £115%  #091"  +87.08

0 607.98 21947 63651 5652 2819 10301 q q d 257 RI4 2038 1712677

04300 +1098% 2546 2265 1140 x40 M n n 0900 +161°  +082°  #69.07

” 54203 21666 54389  90.67 085 1484 wd wd 8349 6050 1487  1730.80

21688 +1083% 21760 336> +154¢  +591° 334 4303° 4059 8654

25% a 4472 20000 43523 10637 4998 14683 nd o 1456 4664 2122 162465

-7 074 +836° 21760 +532%  w200° 7340 +778¢  £233%  +085°  +64.99"

38 25617 17308 25807 12297 8705 14443 2286 W 42% 2239 2587 152585

$1025° 865  +1032° 492 #4358 £578  +091° 2065 0907  +23.06°  +7629°

7 21869 22395 18868 9743 9L 1S 98 5B 1567 2609 137022

875 #1120 2755 £390° 4399 462  £037° £1581° 078 +1.04°  £54.81¢

0 58328 25944 61682 5440 3389 9906 wd o o 1879 9043 1685 177296

23330 +1297° 24670 218 41699 396 075 45 067  £7092°

i 57135 212 916 518 2706 9240 nd nd 811 7142 1596 169680

2857 4885 2959 4258  +1.080  +4.6° +192° 387 0645 +84.84"

5.0% 2 43186 22476 45472 6182 2952 9335 wd nd 168305523 1869 153825

e 727 #1124 £18.19°  #247% 41480 373 1673 42760 4075 6153

i 3976 44670 3439 9608 6370 11209 828 W 943 313 2465 172709

+1279% 42234 +1208°  £384°  £3.19% 448  £033° 17T 186 099" 8635

» 3017 27668 13605 8343 7156 9688 1403, 0872625 3622 150784

£1851°  £11.07°  £680° 334" 388"  388¢  1056° £1562°  £131¢  £145°  +6031°

) Cheongguljang fermented without BMP and with 1-5% (wjw) of BMP.

DAIl values are means 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.
Ind: ot detected.

FEAZ HEH AT 53] A= R 27]0 hn) T2
3] A2 = vl A (glycosides)$! diadzin(peak 1) 3 genistin
(peak 3)°] HEE AL TE F71(72 hr)oll= B BA &
daidzein(peak 9) 71331 tHFig. 2). 3+ L& Z7](0 hr)
glycosides B] &2 86.64% ~77.80%, malonylglycosides

H| &2 5.88%~14.79% 2 aglycones H] & 4.58% ~8.41%
ol A glycosides Bl&-2 7+423}%] 31 malonylglycosides
2 aglycones &S 5718 aL acetylglycosides= &
48 heAll AE o] TE F7I17HA] Srkekslae 53] dR
%71 (72 hr) glycosides &2 Z+7} 34.11% (15 T3 7D,
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Fig. 2. Typical HPLC chromatograms of isoflavones.

Retention time(min)

A, Cleonggukjang fermented with BMP (0 hr); B, Cheonggukjang fermented with BMP (72 hr); C, Cheonggukjang fermented with 1% (wjw) of BMP (0 hr); D, Cheonggukjang
fermented with 1% (wjw) of BMP (72 hr); E, Cheonggukjang fermented with 2.5% (wjw) of BMP (0 hr); F, Cheonggukjang fermented with 2.5% (wjw) of BMP (72 hr);
G, Cleonggukjang fermented with 5% (wjw) of BMP (0 hr); and H, Cheonggukjang fermented with 5% (wjw) of BMP (72 hr). 1, daidzin; 2, glycitin; 3, genistin; 4, malonyldaidzin;
5, malonylglycitin; 6, acetyldaidzin; 7, malonylgenistin, 8, dadzein; 9, glycitein, and 10, genistein.
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ANt A= L A veRilem, 28 0 e diadzin
o 747} 612.92 1gfe(1.0%), 607.98%(2.5%) 2 583.28(5.0%)
oflx] TE FF 72 hr 745t 3 vlHlSA|Q] diadzein
747} 437.32 1g/a(1.0%), 395.23%(2.5%) 2 390.57(5.0%) =
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Fig. 3. Changes in the glycoside, malonylglycoside, acetylglycoside, and aglycone rates during the fermentation of Cheonggukjang without

and with BMP using B. subtilis CSY191.

A, Cheonggukjang fermented with BMP; B, Cheongguljang fermented with 1% (wjw) of BMP; C, Clheonggukjang fermented with 2.5% (wjw) of BMP; and D, Cheongeukjang

fermented with 5% (w/w) of BMP.
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Fig. 4. Changes in the antioxidant activities during the fermentation
of Cheonggukjang without and with BMP using B, subtilis CSY191.

A, DPPH radical activity, B, ABTS radical activity; and C, FRAP assay. All values
are means 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.
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Table 3. Comparison of sensory evaluation of Cheonggukjang
without and with BMP

Cheonggukjang with BMP (%)"

Contents”
0 10 25 50
Appearance 325:004" 3212003 298:005°  2.94+0.02°
Off-odor 433:005" 4284004  401:004° 3.88002°
Overall flavor 39810.06° 4.08:0.04°  4.32:003 441003
Overall taste 3781001° 3.8410.03°  4.08:0.03°  4.02+0,04°

Overall acceptability 3.85+0.04"  3.84t0.05" 3.99+0.03"  3.87+0.02"

D Cheonggukjang fermented without BMP and with 1-5% (w/w) of BMP.

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