1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

1 24(1), 134-1 Q
| https: //d0| org/10 110 2/kjfp.2017.24.1.134

At
oi

e

U}EAI

The Korean Society of Food Preservation

XH Q62

Changes of physiochemical properties and biological activity during
the fermentation of Doenjnag with bitter melon (Momordica charantia 1..)

Chung Eun Hwangl, Ok Soo Jool, Jin Hwan Leez,
In Guk Hwang®, Kye Man Cho'*

Yeong Hun Song3,

Depamnent of Food Science, Gyeongnam National University of Science and Technology, Jinju 52725, Korea
*National Institute of Chemical Safety, Ministry of Environment, Dacjeon 34111, Korea

*Division of Applied Life Stience (BK21 plus), IALS, Gyeongsang National University, Jinju,
*Department of Agrofood Resources, National Academy of Agricultural Science, Rural Development
Wanju 55365, Korea

32828, Korea
Administration (RDA),

= st o] HFS = sls = al = o S
0iF g Elde &e F o=ty B4 I Mo|Eyo] Ws)
R ol., =021, 012352 _/,\_(5—3-3 3lo) 24 27_1]31*
o%f"l"—l—l‘ ]1_1_ (<) T'_"OL:'—:IL -’—]1_
ZEr|a0Em AZDsR, fEE Y st RN,
‘HAEn SE8MYIISHR(BK21 Plus), sHMYIISIITY, ‘SEXIEY P 5AUDSHY SAEXE
Abstract

This study evaluated the changes of physiochemical properties, phytochemical compounds (isoflavones and phenolic
acids), and biological activity during the fermentation of Doenjang without and with bitter melon powder (BMP).
The pH decreased from 6.41-5.83 to 5.81-5.24, during the fermentation of Doenjang, while the acidity increased
from 0.42-0.65% to 1.28-1.48%. The viable cell numbers of Bacillus and Yeast, salinity, and total amino acid

contents increased at the end fermentation (60 day). Also, the fermented Doenjang (FD) with

10% BMP showed

the highest y-aminobutyric acid (GABA, 129.87 mg/100 g) contents, among all the Doenjang samples. The FD
exhibited significantly higher inhibitory activities than unfermented Doenjang (UFD) on radicals and a-glucosidase.
The phytochemical compounds including isoflavone-aglycones and phenolic acids increased, whereas isoflavone-

glycosides decreased in the BM following fermentative processing. Moreover, the total phenolic,

isoflavone-aglycone,

and phenolic acid contents were markedly increased, leading to a general increase in antioxidant and a-glucosidase
inhibition activities after fermentation. These results suggest that BVIP may be used to prepare a new type of fermented

Doenjang with improved antioxidant and antidiabetic activities.
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wEhA] o] WE2AFS duQle] 7|5l SHA MEPA]
T A7 D732), HAE ),
HA A B3(7) & 7158 2AE A7t A7)
= A7 2 s ok
o] S (Momordica charantia L)< 29} 35 A|d 33|
Aro] vlaA] &2 A ol A+ bitter melon, o} 2] 7}l A=
wild cucumber, 422 110}, Skl A= o Feke TRkt
ol &S 7 AL JTKB). LI E o|n] QHFE oqF
Alo] Wl Aol FdolAlold A & 7154 AAR
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Fe 5 Uhg d-fatal lom 3ol oAl dudd, &g
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A1-8-3199 T, Phenolic acid 3 <=%(gallic acid, chlorogenic
acid, para-hydroxylbenzoic acid, protocatechuic acid, vanillic
acid, para-coumraic acid, ferulic acid, veratric acid ¥ trans-
cinnamic acid(#CnA))< Sigma Chemical Co.(St. Louis, MO,
UsA)elA Fdatleh. olaZ e B g4 (daidzein,
glycitein 2 genistein)= Sigma-AldrichAKSt. Louis, MO,
USA)ol| A 43151 2 vl A (daidzin, glycitin 2! genistin)
+ IndofineA}H(Hillsborough, NJ, USA)°A] T35k Th
Folin - Cicalteu phenol, 2,2-diphenyl-1-picrylhydrazyl(DPPH),
potassium ferricyanide, trichloroacetic acid(TCA), 2,2’-

Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt(ABTs), 2,4,6-tri(2-pyridyl)-1,3,5-triazine(TPTZ), 2-
thiobarbituric acid, trichloroacetic acid, 2- deoxyribose, p
-nitrophenyl-a-D-glucopyranoside(NPG), a-glucosidase(Type I
: from Bakers Yeast) =3+ Sigma-AldrichAlol| A %1 35}<]
Ahg-etie,

g©HE oF Hig U oF MU HE M=

W e o) AFellA A5 Alx Al o3 §le
Bacillus subtilis CSY191 175 A48l 2 (14), & =}
A Zof| AHE-E FFo|= Rhizopus oryze CCS01E A-8-3}
Attas). 9 Azl I U FAE U7 2 kgoll R
oryzae CCSO1AEFY 90 mLE 3 7}te] 20T ol A 48413F
Hj kgl 3 55Col|A 297 ARAIA BT e A %3819
ok Ao Alze 22 AR 3% F B8 AlAS
121 CollA] 1A12E 52 A =lE eFth o] & A 93] Al7]a

=
o] 37CelA 3 WE A7 F 55TAA 222k Azl
ok P2 Az S o3 WS 9 %
o] FH7KRZED)S 5 2 10%] Fehe % L F
2 Hrtete] AF @& Azl on] At
gol oA 653 SAA7IEA AEe APt

pH, 4T ¥ AT

pHE A8 5 g2 SF5 50 mLe]l gafslo] ojugh of o
< 44 F3te] pH meter(MP 220 pH meter, Jenway,
England)& AH&-8te] Sttt $AHS o ol tisfA
0.1 N NaOH £ 2 2 pH 8471A] T3IAI7] & AL o g
el de B Al 5 gl S/S 50 mLE 7}
sto] 233k & AAliE] sl 42 S AxAl(Aago
ES-421, Atago Co., Tokyo, Japan)2 =73} t}

M

ofF A7t 97 2E WY F B subdlis CSY191 w59}
gro| AFFE Sk o5 @3 10 goll B SFF
90 mLE 7Fsta &5 221 F o] & A3 3| sto] AlgSt
Aom 2] 7 $oll= tryptic soy agar(TSA) HiA| &
AHE-8F9 a1 § 2= chloramphenicol 100 pg/mL7} &2
potato dextrose agar(PDA) B =]ol] =231 & 30Col| A 484
7F ERb vt FAE HeEks Alste] TS CRUjg

o2 YRS

faloto| At e

oAF H7F B4 1 gol TF/F 5 mLE 718l 60TCelA
IAIZE 78] A17] 3 10% S5-sulfosalicylic acid 1 mLE
A7Vste] 4 CAlA 2A17F MAAA A& A
37 YA EE] F syringe BE| 2 o2} dlod. 0TollA 7t
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=31t} 5 Soll= pH 2.2 lithium buffer 2 mLol| &3
3}l 0.45 pm membrane filter2 o TA| 7 opn| Ak 2B
712 B8

FEE M=

g 77 o U A T4 Adxste] 42 B
< 50% "Er2o] 12A]7F 333 0.45 ym membrane
filter(Dismic-25CS, Toyoroshikaisha, Ltd., Tokyo, Japan) =
oJa}sle] A|Z3H T ©] FEEL 3 phenolics, isoflavone
T 9 e 94 5L 2ok A8
Z phenolics &4

FZEE 0.5 mLE Al @3] E531aL 25% Na,COs £
0.5 mLE F7}ste] 387F A AI71a B4 2 N Folin-
Ciocalteu phenol A]2F 0.25 mLE F7}ele] £33 o5
&2 4] 1AI7E FRE EAAIFI T, o] & Tv‘:_"JJ’”":ﬁ](Spectrmnc
431 750 nmol| Al SHE=E S35 2L gallic

D)E | 8
acid o] &3] Y BEFHoRYE gL T4
th(14).

Isoflavones A &4

Isoflavone & #2492 Cho9} Joo 5(14)2] el 3!
o] High performance liquid chromatography(HPLC, Agilent
1200 series, Agilent Co., Forest Hill, Australia)Z 243}
t}. 4 column Lichrophore 100 RP C18 column(4.6x250
mm, 5 ym, Merck, Darmstadt, Germany)S A}F8-3}3 3L ©] &
2} 81l 0.2% glacial acetic acid in water(solution A)<}
0.2% acetonitrile in glacial acetic acid(solution B)Z #2135}
Gt o] Z=HE A &) 7]—?—& 0%-100%, 15%-90%,
25—--80%, 35%-75%, 45%-65% 2 504--65%= A3+
ok AR 20 ILE T M, o] 54 S 30Tl
1 mLyECo g fx3t}t. A= 7]% diode array detector
(DAD)Z AHg&-3te] UV 254 nmol| A &3tk

Phenolic acids = &4

Phenolic acid 41& Lee 5(16)2] B4 & W33}
HPLC(Agilent 1200 series, Agilent Co.)Z #4135} Tl 4
columne XTerra'™ RP C8 column(4.6x250 mm, 5 um,
Waters Corp., Milford, MA, USA)Z} HPLC(Agilent 1200
series, Agilent Co.)< ©]-83le] A3l t) o] 5/ Srl=
2% glacial acetic acid in water(solution A)¢} 2% glacial acetic
ol F} 2L

xR

011

T

acid in acetonitrile(solution B)Z #1391,
solvent B 7|=2. 2 717} 10, 15, 20, 25, 30, 35, 40, 45,
55 2 60 min & 15%, 5%, 15%, 5%, 10%, 50%, 50%,
60%, 80% 3! 0% = FAIAZTE AlEE 20 ILE T8I
3 o|FAY &£xE 30TA 1 mL/min® A3k 2
phenolic acids &2 -2 diode array UV detector(Agilent 1200

S A AR5 8HS| A A4 Al1Z (2017)

series, Agilent Co.)9] &3 %= 280 nmol|A 7 &3}t

DPPH 2lizt 4A #4

Hwang 5(17)] "85 whe} gz 2AS4S 345
%tk 1.5x10" M DPPH(1,1-diphenyl-2-picryhdrazyl) &<}
0.8 mL¢} o] 7 2l kg AAEe] A5 02 mLE 7tk
%10 %3t vortexstal Ao A 308 2|3 & BFFTA
(Spectronic 2D)E ©|-£3}0] 525 nmoll A SHE=E S35}
Aok 72 A 33 &l Fith 54 2T
AP AR diilell /TS 02 mLE FHote] 43 }91
DPPH o]zt 2ASA S AR}l &4 o219

& Falo] WE&(%)E EAF

Ru)
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ABTS ziCjgd &4 &4

7 mM ABTs £93} 245 mM Potassium persulfate
(KzSzOs, FW 270.3, Sigma 9392)2 1:12 41, 2&9] o] F
$ Zof|A] 12-16A17F B #sto] ABTS radicalABTS )< vk
E-91t}. ABTS radical(ABTS )& 732 nmel| A absorbance”}
0740027} ¥ =5 vehE& 2 3|Asto] ALG-sliTt HgE
2 31X ¥ ABTS &9 (Abs 0.7+0.02) 0.9 mL$} o 7po 1l
g AEE] 45 01 mLE 4, F8e] 3% & 2353
= (Spectronic 2D)E ©]8-3}o] 732 nmol A SHEE
g sFATh(16).

i\

Hydroxyl( - OH) 2HZ ~AHEN

Hydroxyl( - OH) gtt]Z &752 10 mM FeSO4.7H;0-
EDTA 0.2 mL, 10 mM 2-deoxyribose 0.2 mL, 10 mM H,0,
02 mL, %% 1.4 mLE £338}3 37Col|A 447+ St
HES-A| 7]t} o] &3tolof| 1% thiobarbituric acid®} 2.8%
trichloroaceric acidZ Z+ZF 1 mLE 7}8le] 100TCoA| A 208
2 7rgste] A Bl WA 7] § 520 nmol| A SREE
=3sat). SAU T Ade AR ti4ldl PBS ¢
(NaCl 8.76 g, NaH,PO, 0.11 g, Na,HPO, 0.596 g)S A3
A3 L 2A TS A B Hubet FHIE Ao]
o] FHFxo AolZ WMEE(%)E UERNATHE).

a-Glucosidase A3l &4

of gtoff 52 B E YAEE] 4S5 50 1L, 0.5 U/mL a
-glucosidase &4~ 50 pL, 200 mM sodium phosphate
buffer(pH 6.8) 50 pLe} &3tsle] 37°CellA 10&3F dH]
HjeFet & sodium phosphate buffer(pH 6.8)° 5 mM
p-nitrophenol-a-D-glucopyranoside(NPG)< 100 L 7}3}<]
37Col A 10 &3F RESAIZTE ¥H-8-<bel] 100 mM Na,COs
750 ILE BH- FA|A17] AL 420 nmell A FFEE S35
3 A& Aedth. 24 HETE 100% S/FTE
AHE-SFATHB).
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SAAE
A @ﬁr— SPSS 12.0 packageZ Al-g3to] HAF BAS
33} 1 HF+EFHAE JeERITE 2 A8 A
Ao gt fold AL A B4 T p<0.05 FEolA
Duncan’s multiple range testg 4 A| 5%

Zn U pE

oiF I 23 Uxm & OIEPE.X—. £ s}

o5 7} B ol3eba 54 Wske Table 17} 294Th

pHT 3R £ SV, o] °ﬂ 2 A= ST
th IR 27] 94C] pHe AT 7ol S/t HAat
oA = 73 YERRITE AFE HUkelA ¥ 9%
©] 7] pHE 641°|%]3 5% 6052 o|HT} & 1] B
S E AL 10%(5.83) A A7l vl ste] pHZF Sot
55\1;], 1:1:5} HLE_ 60°]7/‘1H pr 71—_/;\_01.ﬁ 7:]27]:.4 Ur];].l,ﬁoi
10% AAF=2 713 @3] pHE 542 o5 5 7P 92
Ao Yehdth Aee pH fhael wet 254 71613
I o] AA] 10% A5 H7F B3] HE 60UA| 1.48% =

7MY =2 4 E g3 ti(Table 1).

%Et UE T ot SUbeke s Hol A8 MUt
2 11.8%°N14 12.6%=, 5% 7} B2
114%°0 4 13.8% %, 10% 7} B4 11.8%°14 132%=

S7Fetet. S Bucillus®t 0| At 278 A A
= g 3 o7 sk o, Baczllus T g8 3
Z}7} 10.7 log CFU/g, 11.46 log CFU/g 2 9.72 log CFU/g
AN, ER FFE 242} 7.02 log CFUJg, 6.86 log CFU/g
Ll 684 log CFU/g 131 TH(Table 1).

Al ]-7<4 oz Qx]—_o_ g 7]_7(4 oﬂ g UV@%OH 943]]
37} Wl o] RelEo] 71 7143} felobn|wito]
Adsim Ao pHE Phd Sae kit
A2l A 2THI8). Hong 2 Rhee (19)% B4 &4 5 714t

o] =0} pH7| A3ttt Hsk3] 1l Yang 5(20) =
acetic acid, lactic acid®} 22 f7]4te] AEHtiaL 319 e
‘—:’—i £ oq:,101];\11: S E %%9’] fr7lhte] BAEE Bo=

v7}%T% Baczl[us l zw_sq ?7} nE 9uls) 7ask
3 ole AFESY 9F8E w2 oz ATHTh Jun ¥
Song(21) v} A7} B4 A4 Foll BacillusE.th § 22
T71 Y Brhe AT 295 £ v ole 9% Alx Al 71
= FAE SRl e mAEY A5 ol dEA=
Ao Actdn) mebs & AFoMe ER dFE =9
A ZEASA o\ Bacillus 5L 23|8 S7Hleng
o] F A7l W nAE S & Gk Hx] o=
Ao F= "} 3 Cho —(14)-4 At WEH e
Brlelo] Az ] BEHAE AN A3} e
Ak AT e H4F Y5elsiont vt g aeln
AAAQ 713 Z2HANE AF FZFo] =& A4S
Y533 539 O%z‘ Vo] S/VEFE A 5he
WA= fdaste o2 Bastainh & AT g o F
A7 o] Be= o] =rF Aadlal o) Cho E(14)
o] Azte} dAsIATh mebd A ER UM oFe
bﬂ-_-g_ 4.7(4 = ]/\gE :g_/\xlg. E_ ] _4 H E__IQr_q é’:nl—o]
g ZoR 7IEn) 3 An 5222 AAFE Fax
2] oM 5] ut A 5E Husiglong 5
A T Baes Arlsiehd 2 urgalZo] utyl g8
ARl o5 S &t A B9E B S AR
At E Y

oiF Ul =X &y F falofo| oot HEF ws)

o3 A7 @ felotn st dakS B Avte
Table 2] YERQIt) B2 ofm]| =%
g 27)oE AEEIAT TE Folle HEEA 2%
10% A5 H71e fgo ARt TE o 50.38 mg/100
gol A=) TaurineS 25 L& Z7)ole AEHA

Table 1. Changes of pH, acidity, salinity, and viable cell numbers during the fermentation of Doenjang without and with bitter melon

Added bitter melon powder concentration (%)

Contents 0 5 10
UFD" FD” UFD D UFD D

pH 6.41£026” 5.81£029" 6.05+0.30" 5454022 5.8310.23" 5.2410.26"
Acidity (%, as acetic acid) 042£002° 1.28+0.03" 0.62£007° 1.4+0.03" 0.65+0.05" 1.48+0.06"
Salinity (%, as NaCl) 11.8+027" 12.60.63" 114037 13.80.69" 11.8£031° 13.20.61°
Viable cell numbers (log CFU/g)

Bacillus 9.11+0.36" 10.70£0.54* 9.11£0.55" 11.46:046" 9.11£0.36" 9.7240.39"

Yeast 6.39+0.26" 7.0240.28" 6.39+0.26" 6.86:0.27" 6.39+0.26" 6.84+027"

UFD Unfermented Doenjang (0 day).
FD Fermented Doenjang (60 day).

IAIl values are means of determination in three independent experiments. Means with different lowercase letters (a-b) indicate significant (p<0.05) differences of unfermented

Doenjang and fermented Doenjang by Duncan’s multiple range test.
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Table 2. Changes of free amino acid contents during the fermentation of Doenjang without and with bitter melon

Added bitter melon powder concentration (%)

Contents (mg/100 g) 0 5 10
UFD" FD? UFD D UFD D
Non-essential amino acids
Phosphoserine 67.25:2.69” ND” ND 45.03:1.80° ND 50.38+2.02°
Taurine ND 3346+1.34° ND 10.60:0.42° ND 15.38£0.62°
Phosphoetanolamine 19.04+0.76° 13046+5.22° 43654175 38.95+1.56° 22.67£091° 72.10+2.88°
Urea ND ND 42779+17.11° ND 105.2044.21° ND
Proline 83.28+3.3%° 311.03+12.44° 105.53+4.22° 349.14+1397° 110.86+4.43° 482.05+19.28"
Aspartic acid 111.59+4.46' 440.83+17.63° 166.65+6.67° 332.89+13.32° 182.03+7.28 607.79+2431°
Serine 110.17+4.41° 31036+12.41° 110.82+4.43° 299.94+12.00° 104.95+4.20° 343.17+13.73°
Glutamic acid 603.87+24.15° 1,233.90£49.36° 473.98+18.96° 1416235665  465.06+18.60° 1,676.82+67.07°
Sarcosine 22.420.90° 1692:0.68" 29.86+1.19" 17.23:0.69° 22.53090° 24.600.98"
Aminoadipic acid 34.75+1.3¢° 49.76+199° 32.10+1.28° 49.88+2.00° 37.06+1.48° 59.46+2.3"
Glycine 59.38+2.38° 169.16:6.77° 56.34£2.25° 166.3646.65" 58.34£2.33¢ 189.967.60°
Alanine 122.93+4.92° 277.99+11.12° 125.45+5,02° 373.22+14.93° 136.18+5.45" 331.52413.26"
Citrulline 834033 1141:046" 1735:0.69" 4597184 26.32£1.05° 73.66+2.95"
a-aminobutyric acid 15.75+0.63" 18.69+0.75" 12.96+0.52° 30.93+1.24° 1622+0.65° 39.78+1.59"
Cystine 4725+1.89" 4.73£1.79" 13.530.54° 4478+1.79" 35.36+1.41° 50.24£2.01°
Cystathionine 13.69+0.55" 12.45:0.50° 12.06:0.48" 17.04+0.68" 1271:051° 20.63+0.83"
Tyrosine 138.59:+0.54° 290.28+11.61° 140.06+5.60° 295.37+11.81° 148.77+5.95° 355.43£14.20°
b-alanine 34.30£137 64.83£2.59° 38.85£1.55° 55.15£221° 41.07+1.64° 60.28+2.41°
b-aminoisobutyric acid 102.19+4,09° 57.382.30° 56.552.26" 66.96+2.68° 91.37+3.65° 82.831331"
y-aminobutyric acid 35.46+142° 24.93£1,00° 63.73£2.55° 71.95+2.88° 108.53£4,34° 129.87+5.19"
Aminoethanol 13.96+0.56' 8.11:0.32° 9.97:0.40° 15.02+0.60° 19.44+0.78" 21.95:0.88"
Hydroxylysine 1173047 1170047 8.51£0.34° 18.000.72" 16.510.66" 17.850.71°
Ornithine 13.49+0.54° 30154129 1533061° 632412.53" 18.26+0.73° 18.62+0.74°
Anserine 65.1145.60° 68.58+2.74° 77.22+3.09° 69.5242.78° 82.974332" 105.66+4.23"
Camnosine 18.55:0.74' 441£0.18" 7.96+032" 520£021° 5.674023" 13.7240.55°
Arginine 304.17+12.17° 533.96:21.36° 336.92+13.48" 459.82+18.39° 393.39+15.74° 641.05+25.64°
Totals 2058978236°  4157.48:16630°  2386.1719545  435844:17434"  2264.1419057  5486.41:219.46"
Essential amino acid
Threonine 74.3942.98" 236.02+9.44" 82.03+328" 219.97+8.80" 80.614322" 253.57+10.14°
Valine 118.78+4.75" 326.53+13.06" 128.11#5.12° 311.13£12.45" 136.115.44° 376.29+15.05"
Methionine 57.26£229° 106.29:4.25" 59.18237° 101.5124.06" 68.5442.74" 121.12+4.84°
Isoleucine 112.12+4.48" 31030+12.41° 109.27+4.37° 300.45+12.02" 120.05+4.80" 352.14+14.09°
Leucine 229.71£9.19° 496.64+19.87° 235.06£9.40° 487.16+19.49" 248.56+9.94° 586.08+23.44°
Phenylalanine 220.63+8.83° 375.54+15.02° 227.4819.10° 378.15¢15.13° 238.789.55° 454.84+18.19"
Lysine 218.99+8.76° 398.24+15.93" 225.24+9,01° 386,05+15.44° 240.1749.61° 465.54+18.62°
Histidine 53.97£2.16° 12222+4.89° 6340254 12572503 73.26:2.93 153.2646.13"
Totals 1,085.8544334" 23717749487 1,12977+4519° 23101449241  120607+4824°  2,762.84110.51°
Total amino acids 314480412579 652925+261.17°  351595+140.64°  6,668.58+26674°  347021+138.81° 824925432997
Ammonia 67.09+2.68° 102.54+4.10° 82.77+331° 112.49+4.50° 99.34+397° 141.57+5.66"

PUFD, Unfermented Doenjang (0 day).

PFD, Fermented Doenjang (60 day).

Al values are means of determination in three independent experiments. Means with different lowercase letters (a-f) indicate significant (p<0.05) differences of unfermented
Doenjang and fermented Doenjang by Duncan’s multiple range test.

ND, not detected.
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Fig. 1. Changes of total phenolic acid contents during the
fermentation of Doenjang without and with bitter melon powder
(BMP).

All values are means of determination in three independent experiments. Means with
different lowercase letters (a-b) indicate significant (p<0.05) differences of unfermented
Doenjang and fermented Doenjang by Duncan’s multiple range test.

UFD, Unfermented Doemjang (0 day); FD, Fermented Doenjang (60 day).
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Ak FF 27 o] TR TS ZH7} 491.09 1g/g(10%),
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FE AteA e 2L wE 60dA v Pt
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oFE ke AAEEY & Ao E JYERTh 25%
A7} DL daidzeine 189.30 png/g, glyciteinS 41.10 pg/g,
genistein 152.04 pg/ge] HAEH AL 5% 2 10% oI5 37t
AL 3EHoR A3 WE T glycitein®] HEF X
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Table 3. Changes of isoflavone contents during the fermentation of Doenjang without and with bitter melon

Added bitter melon powder concentration (%)

Contents (u1g/g) 0 5 10
UrD” D’ UFD FD UFD D
Glycosides
Daidzin 218.15+8.73” ND? 181.74£727° 35.45+1.42° 158.25+6.33" 31.68+1.27c
Glycitin 100.82+4.03" ND 82.31+329° 33.08+1.3%° 86.71+347° 24.77+0.99°
Genistin 262.02+10.48" ND 203.9248.16° TR? 191.42+7.66° ND
Total 580.99+25.11° - 467.9720.24° 68.53+2.54° 436.38+18.77° 56.45+2.09°
Aglycones
Daidzein 120.49::4.80° 251.45£10.06' 19.53:0.78" 4621159 14.48:0.58°" 35.77£1.43
Glycitein 28.20+1.13" 4.15+1.69° 1.100.04° ND TR ND
Genistein 72.66+2.91° 181.31£7.25" 50.6+2.20" 171.2346.08" 40.23+1.61° 127.2745.09°
Totals 21352987 4749142023 71.23+2.87° 217.44+10.65° 54714168 163.04+5.89°
Total isoflavone 802.3427.57 47491+19.00° 539.226.09° 285.97+11.44° 491.00+19.64° 219.49+8.78°

l)UFD, Unfermented Doenjang (0 day).
°FD, Fermented Doenjang (60 day).

IAIl values are means of determination in three independent experiments. Means with different lowercase letters (a-¢) indicate significant (p<0.05) differences of unfermented

Doenjang and fermented Doenjang by Duncan’s multiple range test.
4)ND, not detected.
IR, trace (<0.002 1ig/g).

Table 4. Changes of phenolic acid contents during the fermentation of Doenjang without and with bitter melon

Added bitter melon powder concentration (%)

Contents (uig/g) 0 5 10
UFD” D’ UFD D UFD FD

Gallic acid 32.11+1.337 62.6346.51° 54.78+1.54° 94.15+7.77" 98.13+2.01° 113.56+8.54°
Protocatechuic acid 80.3+11.21° 163.72422.55° 115.88+12.64° 180.32426.41° 135.86£13.43° 203.04£29.32°
p-Hydrobenzoic acid 97.433.90° 114.6644.59" 75.34£301° 110.13:4.41° 64.05£2.56° 97.973.92°
Chlorgenic acid 29.59+4.78" 127.5949.10° 51.17£6.05° 142.1549.29° 98.92+7.96' 169.71+10.79"
Vanilic acid 7.83:031° 23.85:4.95° 15.16:0.61° 35.81£3.83" 17.81:0.71° 50.61:2.82"
Veratric acid 24224817 16.55+0.53" 25.95+8,64' 19.690.99" 2323:8.9° 20.78+145"
t-Cinnamic acid 20,030.80° 49.59+1.93° 2308253 62.26+2.60" 26.2042.66" 73.28+2.44°

Total 291.51433.78" 558.59+42.64° 361.36+30.12° 644.51445.55" 464.2+36.22° 728.95+66.14°

PUFD, Unfermented Doenjang (0 day).
2FD, Fermented Doenjang (60 day).

IAIl values are means of determination in three independent experiments. Means with different lowercase letters (a-f) indicate significant (p<0.05) differences of unfermented

Doenjang and fermented Doenjang by Duncan’s multiple range test.
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Fig. 2. Changes of antioxidant activity during the fermentation of Doenjang without and with bitter melon powder (BMP).
All values are means of determination in three independent experiments. Means with different lowercase letters (a-e) indicate significant (p<0.05) differences of unfermented

Doenjang and fermented Doenjang by Duncan’s multiple range test.
UFD, Unfermented Doenjang (0 day); FD, Fermented Doemjang (60 day).
A, DPPH radical scavenging activity; B, ABTS radical scavenging activity; C,

+ OH radical scavenging activity; D, FRAP assay.



142 k=2 A58

H7bgo]l T7184E o] B¢ty ¥E AHve ¢R
b =34k

DPPH 2tz 2AEA L og Fo F7leke A
Hol, o] FE 7belA @2 92 BE 4 22.56%¢04
TE Tl 37.61%2 S7FSIAT o5 H7Fo] Bold
5 WE A DPPH 2}tz 2AGAS 254 S7teta
HE7F B AR 0EA FA] STt 10% oF A7t
AL 25%04 64.17%% 7 S35 THFig. 2A).

ABTS gtz 2A S & 53 o)A DPPH Et}
= 9 2v] o] =& S JeERIa, oF A
w2 2AGA L] 2ol A IStk BE 27| 5E 60
A1) 2AZAL 0% 75 51.42%°014 6131%= 57t
st 7 =2 A4S YR 10%9] 7 F-oll= 73.74%
oA 82.66%= LR wet 2ALY JA SIS W
B 91 tH(Fig. 2B).

Hydroxyl( - OH) &tz A GA] B3k of 5 H7taFate]
FHBAE gle Ao® ey, dE $o Utk
82.66%(0%), 84.88%(5%) 2 87.63%(10%)= FEMHATH
(Fig. 20).

FRAP &2 o F Hrtgko] SrMdas 54 27
S = vlgete] Srtella e A2 FAFS
Al BE Fol| S o] A FTI8ITh olwl 10% 5%
el A9 1399 7 =2 48 S JERAthFg. 2D).

e 43 g aASY S BE Y ol AR
A} phenolic acid 3}HEE3} Bl A o] AZetEo 29|
S717F 4RI Aoz A= ATH36). Egt Lee S(37)
SAFEC EA3A] &%k phenolic acid o] B4 54
ol T7tetE R gakslt &4do] Frhgitta Balshel a,
Shon 5(38)= A =7¢<] % phenolics %] 0.27 mg/gd
u] DPPH tt]Zd 2AZA L 87%S Yehdta 3w
©]= phenolics g3} gHitel Edztel BAIZE WHE Ao
2 dAtEth Cho 5(34) 9A] % phenolics $HFo] Z71gt]
we} gtsl ST FUHES Basigla ol # AT
Aot 7ol frAbalitt. wheba] E w| g Ed] o]
A3%3 % phenolics &A= v GA| o] FebE Jejrt
Zo] FEE A L AALYT FRAP o] A5
#2e vehle Re dadn.

P

-_ —

oiF &Il EFE Ui F EpsE Eollas Mol
a-Glucosidase A& 4= 21 18 F<
HAA T8 BArata th39). Bhe 1P
24T AEAA Ao 2 &3S Foe Hol &
th40). dA = AEHZHA e ]
-glucosidase & a-amylase A|3|A]E 73
2 o o]E2 &7 a-glucosidase s 7 A4
st & F5ES AaA|a iR vheEE p

Abg-ste] grkghtta HoaE o 9lTk(3s).

b
s U] r1
et }
2 ac)
ol >,

(N 0 N
2 AN g A 02
oo Hl X O 3o &

o o qr &

W)
B
)

o I
e oy ok o

=

314 A24A A1ZE (2017)

wpeba] B A7) g-glucosidase A el B4 S =43 A}
+ Fig. 37 Z34th. [A4< 222+ DPPH ]z 47
T A8 e AHE HEITE &, AT Akl
SSFE Zzte] " g 27 Asfgo] Slehe ow
Uehton wF Jo|= F4 AT AR o =}
ke Ao 2 YETh o585 HrleA 2 |4 28
Z7] A& 086% = A §le A2 Yepgtont i
Zol= 23.64% % 2FF S8k 5%9] 7%= 27.74%
E YJeifidlen 10% A9 30.79% =2 7HY 53¢
Al &2 YERN A THFg. 3).

A Hwang 5412 23} =24 A% J73 v
FE 80 335-44.3%2] Adl&S JeRATha 8k,
Shukla 5(40) GA] 92 ©7%20.66-25.55%)H.tF A%
A 726.50-36.86%) 2] a-glucosidase A] &l &-0] $-=38lt}iL
Hauslde) o]23 Ade B Ao fARR Zog
Tk 3 o] gt F Yol= 1 ulel] ¥ phenolics
3FHEFEE a-glucosidase A &S 7t A+ A3
T ATH42). WA & A9 o5 Ut B 18T
Rt ol g} vlvke} Pl ke AW 28 2 #e
stedl &9 S Aoz ZgEn.

n
=

OUFD mFD

a
L a
b
[l L L
0 5 10

Added BMP Con. (%)

(5] L e
= = =

u~Glucosidase inhibition
activity (%)
=

Fig. 3. Changes of a-glucosidase inhibition activity during the
fermentation of Doenjang without and with bitter melon powder
(BMP).

All values are means of determination in three independent experiments. Means with
different lowercase letters (a-d) indicate significant (p<0.05) differences of unfermented
Doenjang and fermented Doenjang by Duncan’s multiple range test.

UFD, Unfermented Doenjang (0 day); FD, Fermented Doenjang (60 day).
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