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Total flavonoids and phenolics in fermented soy products and their effects on
antioxidant activities determined by different assays.

Jeong-Woo Park, Young-Jin Lee, Sun Yoon*
Dept. of Food and Nutrition, Brain Korea 21 Project, Yonsei University College of Human Ecology, Yonsei University

Abstract

This study was conducted to compare the antioxidant activities of fermented soy products such as chungkukjang, meju and
doenjang with soybeans. Total phenolic, flavonoids contents and antioxidative activities of the methanol extract of soy and
fermented products were compared with specific reference to alpha-diphenyl-2-picry-hydrozyl (DPPH) radicals scavenging
effects, ferric /reducing power (FRAP), inhibition of conjugated diene formation and tyrosinase activities. Total phenolic and
flavonoids contents increased in soybeans after fermentation. Fermented soy products also displayed enhanced antioxidative
activities in comparison with the non-fermented soybeans. There were linear relationships between total phenolic and flavonoids
contents and ferric reducing/antioxidant power of the samples. Overall, the fermented soy products showed a better antioxidant
activity than soybeans. Among the 3 kinds of fermented soy products, chungkukjang, meju and deonjang, doenjang exhibited the
highest levels of DPPH-free radicals scavenging activity, ferric /reducing power, inhibition of conjugated diene formation and
tyrosinase activities. The fermented soy products with longer fermentation time demonstrated the higher antioxidant activities as
well as higher total phenols and flavonoids in the order of doenjang > meju > chungkukjang> soybeans.
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1) A2-395 &% (DPPH)

NRE oetgol o]l DPPHE 7hste] 3t whx|sh
= 525 nmoA FFEE St Bz v wst T
DPPH @ttt &AAF02 Z% HAFo5-2 o4
whah AF&3519 thH(Szabol 5 2007).
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2) FRAP(The Ferric Reducing
assay

FRAP £4]2 Benizie 5(1996)9) ¥¥< &43taich
ook B &2 3)4H AR 25 £ 300 ALQE 96well
plated] ¥& % 270 e FRAP reagents(10 mM
TPTZ in 40 mM HCL, 20 mM FeCl,)E 7}ste] 37C
oA 1587 WAk & Spectrophotometers AHEdH]
550 nmol A &43te] AR 9] FitesE FA s

Ability of Plasma)

3) o 0]ZA3HConjugated Diene) Assay

Conjugated Diene Assay: Romero & (Romero &
2004)8] RIS ARSIt ElEdibs Y Tween
209 # 4& %, 0.2M phosphate—buffered
saline(pH 6.6)5 #7teto] B4 &g WEUH
2ml9] &4t o HA S0 0.5 mlY Aget /¢
2 7}z Hrhs & guks ].011;]- 7+ gNL 3709 water
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4) Tyrosinase 4 A5

Tyrosinase AdJ&4 =4 50 mM sodium
phosphate buffer(pH 7.0)°l catechol(10 mM)& =%
714N 2.5 mlo] ALY 0.2 mlE A713t & mushroom
0.2 ml tyrosinase(110 units/mD)E& #7}3te] 10z 7+
2 6027 187 420 nm°ﬂH Tyrosinase &4 3}
%t} Tyrosinase 84 AA|52 ofef4]& o83l 4+=3}
%A rHChen YC %5 2005).
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%, A%, WE, 2% ARY F de §%F gallic
01d equivalent® FHiFstod (Table 1ol Uehfoih
=7kl & ZeluE $%S 4.17+0.11 mM gallic acid
equivalent® 7} A UEbZ 93(2.310+0,09
mM gallic acid equivalent), F=%(1.785+0.07 mM
gallic acid equivalent), F(0.585+£0.03 mM gallic
acid equivalent) ©2.2 LteRT},

<Table 1> Total contents of polyphenols

sample Gallic acid
equivalent(mM)/mg
soybean 0.585 + 0.03°
chungkukjang 1.785 + 0.07°
meju 2.310 + 0.09°
doenjang 417 £ 0.117

All values are mean +SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).

Takahashi(Takahashi % 2005) 5 29|
FEOH LDL AFe}t oA 58o] & A A7 T+
EeHEs o] @3 EG ”L7] jEog FHsA
E3 F AEE beta-glucosidaseE 7hpidl| 319
LDL 43} A 5&lo] S71st AL g n|Ro] Ko}
a4 24 AR A% T S “ﬂ‘ﬂ}%}h T
Algolgtal Fratiith, 4 (19942 A4 e r
AZT w 5ot B9 vEhs 2520 Y ARvED
gtul & o] &t HE E YL BYstddt. 1 A
s 3B 2L vanillic acid, chlorogenic acid,
syringic acid, p—coumalic acid, ferulic acid ¥
caffeic acid 50} =0l AU
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EetErolEE AE9 —45]1 g4 polyphenol®] 7}
A 2 Hio|c}, EetHko|Ex 315y F2 zpolo] &3
6712 F8 319 1FLeR ‘%Toi Ak, 7o) &9 1%
£¢l Z2hbE(flavanols), Z&tHk=(flavanones), &g}
E(flavones), o|&EeE(isoflavones), EE &
(flavonols), ¢FEAIOFYH(anthocyanidins)> &2, A
&Aool o]z} itk AP AdoA SR lolEL:
Aol 8aj7|(freeradical) @] Z2HA|(scavenger)E 4]
At ARE 7HHGary 2003).

Z+ A8 2229 & ZdH ot S catechin
equivalents2 AHSE d3t= (Table 2)¢ 2o &, 4
=2 o FE =HAF A 749 cateching 7|&£22 6P
ZetE ot S v wEtH HAY F ZetH ot ¢
22 10.68+0.459 mg/go® 7H &4 Jebt, W
(6.14£0.353 mg/g), ¥="44.58+0.275 mg/g), ¥
(1.56+0.117 mg/@) % «2= YERH,

<Table 2> Total contents of flavonoids

sample Total Flavonoid (mg/g)
soybean 1.56 + 0.117¢
chungkukjang 4.58 + 0.275°
meju 6.14 £ 0.353°
doenjang 10.68 + 0.4592

All values are mean +SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).
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QAo 93] ferric tripyridyltriazine(Fe3*~TPTZ)
Bat7} ferrous tripyridyltriazine(Fe?"-TPTZ)o.2

FUSE DS 014 A0 Prrol AT B
Ej'_g_ 7};{]_]_ q.‘:‘ 240“ zLo}o].oq o}gﬂx] Hl—lﬂ-lo]tlr

Benzie®}t Straine FRAPHO] A@Ao] &1, in vivo
o A Ak & sho.glo] ¢l FABIA 52 o AMAH o
2 ulgslo] FRAPZO] Z715tER B3e $HAEES
APgHor =A% £ Qo Hustgti(Benzie &
Strain 1996).

FRAPHE o]&ote] AHE9 FAstade 4T 4

7= (Table 3>°ﬂ LFEF @I, Trolox equlvalent zdeo
2 Yeigls o 71 5t & RS ©A4(523.14+
17.64 uM)) DﬂT(256.75¢10.34 M) > 3=78(204.36 =
10.82 uM) »2(182.42 £9.42 uM) 2] £ 2.2 LtErRLTE

<Table 3> TEAC values of FRAP assay

sample(0.1g/mD Trolox equivalent(uM)
soybean 18242 £ 9.42°
chungkukjang 204.36 + 10.82¢

meju 256.75 + 10.34°
523.14 & 17.64*

doenjang

All values are mean + SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).

4, & Z2\ns, E2tEL0|E =t FRAPRL 749 4
i)
Q] S EEE!

©2 FRAPHZ #itst E2E

of Z7isteg A5 At B ST 2 AU
AL 7tAth(Benzie & Strain 1996). £ A elA
FRAP & o] g3t AT F4tst 24 5 &2
B, SetRleo|C Fekate) A e (Table 49 2
o}, Zeju $ept FRAP gh2 0.971, Eetiieol= 3
27} FRAP 32 0.9399] &2 oFo] AFHIAE U9l

o, g% 9 7EEdE 2% vE siET SetEkols
o A% o|hEetEo] Yol FHEol ey, ot &
AEo| Ferric 48S UYetiis Fitgt 24E& Hepdnt
1 g
<Table 4> Pearson Correlation coefficients(r)
Polyphenol Flavonoid Frap
Polyphenol 1 0.978™ 0.971"*
Flavonoid 0.978*** 1 0.939***
Frap 0.971** 0.939*** 1

** Significant at p<0.001.

5. HAIZOls
AE $7) 20 48 71 3 A4 Qurzol T i
2o] GAEIE 0] 43 ok £4F0] 7ol 24

o] gAeEA Y EAL hydroxyl7|§ sht o4 &5
I Qe B2 (ring)? PlE7U vl=A dabea At
T2} 22 v FA7IE 7HAAL gl Aoltt, AlEl T
ol 9l EejusA B0l o9 2 B +24 EF
S AT e dEA] At ot Lo
245t g 224¢ ¥He DPPHYS & & Yot DPPH
= At (free radicalE E59 A& UehfARt
AL aatel] ofsf AR} ’% | Eo] wlgitizio] &
H 559 Ao] AtAA Hrt, o] el g o83t siE
A& Axpgolss S48kl P4

3t ERO 4 3O
3Hs-& SA4she WRloltk(Szabol 5 2007).

DPPHYI ojgt AlRS9| etz £A8YS 54T

7= (Table 50 Ut} &4 A8=9 £AZ
A& 0.2 g/mlollA BAH50.54%) > F(21.34%) > "F
(18.61%) > H=R(17.07%) &0}t Kao TH & Chen
BH(2006)} Hirota A $-(2006)2] A7) <Js}H <=3t
olAZehE 248 DPPH &A% thE F4tst £49)
H|3lo] ofsjtiy Btk B dFofA AREgE Ao
L o] AETE o)9o g2 Fikst B0 FREC Sle
o, o] BA 50 23} DPPH o)zt &7 0] Uehd Ao
2 F3HEn

<Table 5> Efectron donating ability

oZL
(o m

sample EDAC(Electron donating ability) %
soybeans 21.34 & 1.04P
chungkukjang 17.07 & 0.48°
meju 18.61 + 0.61°
doenjang 50.54 & 1.04%

All values are mean +SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).

6. Conjugated diene Assay
CDA(conjugated dienoic acid) Z%H-Z o]
27H o]/L]-o1 1;].7]_ %:“Ei} X]HP/\]- 61—0 z]/’dg] B3
25 A 4 ok, AdA A EAste AR
gto] 274 o]/ﬂ—o]fﬁ non—conjugate@ & &5kt 2
Ao] A3EIW conjugate ©]FAY FEH FrHe
(Nawar 1998). wtekA] Fog o] At ehgg £45tH
Atgjo] A g AT £ k. v|FY olF é@r 190
nm< Fesht FY o5 AdHconjugated diene)> 234
nmE, % 4 %ﬁﬂ(congugated triene)< 268 nm%]
£ Zpo) A EFFEE AHEEY 234 nm

(Oiom
O 2 om
off fob nt
o i o 2

=S A H conjugated diene@FS
AbZste Wholt), o] Wb S o]gste] &H4Aksl FEo] &
£ SA% ¢ U
(Benz %ie & Strain 1996), l:‘(1997)0 linoleic
acidoll ®#re] aiAl ot 9 % -’}‘-%%" A7kt & 50



Cold 25417 ARHEA TS SR An 3
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(Bae EA, Moon GS 1997).

B oo 2435 7+ A 89 conjugated diene A4
A3 &4 Aat= (Table 6)o] YerH 3t Conjugated
diene’dA A8l &= ©A 87.62%, T 84.86%, X

27 84.13%, & 80.89% +£°.& Ueided 4714 2%

2 I vehisle
7

285 1% 371592 W linoleic acid9 48t A] A4
£ TAReET vtote Y AJARFO] dj 2ol wisto] -9
o L;%‘chh Em}@‘t}. ol Azt vFet HA
= ] S 7FA) 2 9ol A linoleic acid®
Ofé ol A,

<Table 6> Inhibition effect of Conjugated diene assay

sample EDAC(Electron donating ability) %
soybeans 80.89 + 0.32°
chungkukjang 84.13 £ 0.59°
meju 84.62 + 0.68°
doenjang 87.62 £ 1.012

All values are mean +SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).

7. Tyrosinase Mallgtyd =& Zt

Tyrosinase(monophenol monooxygenase, EC
114.18. 1) &4 R0l & 4o 2] o] 2& &Fsta 3l
= 24 g Aio|th Tyrosinaset monohydroxy—

o—dihydroxyphenolZ hydroxylationA]7]+

gr-8-3t o~dihydoxyphenol& o—quinone 2 oxidation
A7lE WA a2 Zgatct, A WellA Wehd A
9 ’%‘%“é«] &L E AQste FR83% aaolrt

B Ao 43t Z+ A]29] Tyrosinase A3 A
* A= (Table ol YEN T Tyrosinase A3
24 adte A 74.07%, IAIF 32.15%, vF
27.46%, 3 14.92% S22 el "42 37} 7}
4 wA vEsT

phenol&

JIN

e

V. BoF 9 AE

2 ATE W A% 98 439 AYE B Tl
L g dgoR oF BE 4FA 3R, U, 94
of 08 % EefulEn Setriols Wk S4sn
ol S Agstel B BRE S B4
5} $AS FeS BUSFRAP), HATI5(DPPH), 3
o3 2% A Aol BZALA BY AR5 ZH5

AlEo| gttt By 357

ol

o 2

<Table 7> Inhibition effect of tyrosinase activity

sample EDA(Electron donating ability) %
soybeans 14.92 £+ 0.42°
chungkukjang 32.15 + 0.72°
meju 27.46 + 0.63P
doenjang 74.07 + 1.84*

All values are mean + SD of triplicate determination.
Mean within rows with different superscripts are significantly
different(p<0.05).

Ir
o
12
il
>
o

ol
R
£L

Ao wa Hgol & FeliE, & Fhusols
ol gt Ew. o)t Ua
L Az Qe AT e
o] ofo] Z7ket Az HAH o
F 3 93 71700) 743 7 Bl & Baluk
olt #lgko| gkm thokdl MiHo g
I

22
ok
m{u

n:—%\l‘)%rli
rigrw:‘
b ol
[2ad
2
o
o
i oX
o

1,
1>

NME ThE AlRo] Hs foHoR %%ur.
$42.55%)°) @ ol siede

£ oox N

o
2L

2824 i o8k of il oo 2 oSt
5 %% g n
© =8y
2~ g o o
-“#ﬂ@

r xR o
e e

I of,
4
1>
e
o
o
12l
e
et
o,
[0
N
st
z

o Il

E ro Ao
-4
=2
>

N
P}

0‘l"

N =3
ol

o
: o]

Q‘L

2

b

b

N

ol
-

Ir

i

,Zi

. ol

=,

ﬁN N

™ oX oE:
cE

O}"]_, _\9'

H

o & &

b g oF
ox

L b oo M

RN

3L ot jubi}

o & ox o op
m

K4y o
%’ rir
%
=

T
MA
N

He A BE ust BHS

debron, 24, WF, 334

L 0E A% T4 5 29

AA)sHz Apoldict. & AY
%

O
oft
EE
o
U
)
Rul
3L
£
L

ol iico|T gheka

>
fru
il
—ﬁ%__@
% =
o

fr
2o
4

=

methanol &%
|5 AME T
2} gHAksE Aol Ao
T AZoA FAe BEE
¥ 3hEat %E]'Eiolc o
A4S HET g AHBAE e AeE Ve, 2
Wlo] ZAshe FAkst &4 71 A 2

= A=
Ry - 'y
AL o] MubA 9l FhAkEl =8l WrleF & gl 0%t

o g
()
o,

v
g
==

lo
fooor f L

o;gl‘

Are] 2
2 31X Brain Korea 21 Project, A& %G|
A dAMden gredT AYeR syEglens

o)o]l ZHALERU T}



358 EEEIREEXILBEE Vol.22, No.3({2007)

84-85

Bae EA, Moon GS. 1997. A study on the antioxidative activities of
Korean Soybeans. J. Korean Soc. Food Sci. Nutr., 26(2):
203-208

Benzie IF, Strain JJ. 1996. The ferric reducing ability of
plasma(FRAP) as a measure of “antioxidant power: the
FRAP assay. Anal Biochem., 239: 70-76

Chen YC, Sugiyama Y, Abe N, Ryoko KN, Nozawai R, Hirota A.
2005. DPPH radical-scavenging compounds from dou-chi,
a soybean fermented food. Bioscience, Biotechnology,
and Biochemistry, 69(5): 999-1006

Gary R. Beecher. 20030verview of dietary flavonoids:
nomenclature, occurrence and intake. J. Nutr., 133: 32485-
32548

Hirota A, Taki S, Kawaii S, Yano M, Abe N. 2000.

1-Diphenyl-2-picryl-hydrazy! radical-scavenging compounds from
soybean miso and antiproliferative activity of isoflavones
from soybean miso toward the cancer cell lines. Biosci.
Biotechnol. Biochem, 64(5) : 1038-1040

Jia Z, Tang M, Wu J. 1999. The determination of flavonoid
contents in mulberry and their scavenging effect on
superoxide radicals. Food Chem.,64: 555-559

Kao TH, Chen BH. 2006. Functional components in soybean cake
and their effects on antioxidant activity. J. Agric Food
Chem., 54(20):7544-55.

Kim JS, Sun Yoon. 1999. Isoflavone contents and b-glucosidase
activities of soybeans, Meju and Doenjang. Korean J.

Food Sci. Technol, 31: 1405-1409

Lee JJ, Cho CH, Kim JY, Kee DS Kim HB. 2001. Antioxidant
activity of substances extracted by alcohol from
chungkookjang powder. Korean J Microbiol, 37: 177-181

Nawar WW. 1998. Lipids. In: Fennema OR, editor. Food
Chemistry. 3rd . Marcel Dekker. NewYork.p225-320

Pratt DE. and Birac PM. 1979. Source of antioxidant activity of
soybeans and products. J. Food Sci., 44 :1720

Qing Zhang Q, Zhang J, Shen J, Silval A, Dennis DA, Colin J.
Barrow CJ. 2006. A Simple 96-well microplate method for
estimation of total polyphenol content in seaweeds.
journal of applied phycology, 18: 445450

Romero AM, Dovel M M, Sturla MA, Judis MA. 2004. Antioxidant
propetties of polyphenol-containing extract from soybean
fermented with Saccharomyces cerevisige. Eur. J. Lipid Sci.
Technol, 106: 424-431

Szabol MR, Iditoiul C, Chambrel D, Lupea AX. 2007. Improved
DPPH

determination for antioxidant activity spectrophotometric assay.

chemical papers, 61(3): 214-216

Takahashi R, Ohmori R, Kiyose C, Momiyama Y, Ohsuzu F,
Kondo K. 2005. Antioxidant activities of black and yellow
soybeans against low density lipoprotein oxidation. J.
Agric Food Chem.,53(11): 4578-82

(20072 58 1Y T, 2007 68 112 A=)



