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Antioxidant Activities and Changes in trans-Resveratrol and Indigestible
Oligosaccharides according to Fermentation Periods in Cheonggukjang

Myounghyo Choii, Kyeman Cho, and Sanghae Nam

Div. of Food Science, (zyeongnam National University of Science
and Technology, Gyeongnam 660-758, Korea

ABSTRACT Cheonggukjang was manufactured using three different kinds of soybeans, after which changes in the
content of phytoalexins such as trans-resveratrol (3,5,4'-trihydroxy-trans-stilbene) were measured. Along with phytoalex-
ins, changes in the content of functional oligosaccharides such as stachyose and raffinose were also measured, and
the corresponding antioxidant activities were studied. The content of frans-resveratrol was found to be higher in fer-
mented beans than in raw beans. Generally, the content was higher as the fermentation period increased. After 48
hours of fermentation, the contents of frans-resveratrol were 50.06+0.82, 39.04+0.49, and 34.00+0.54 pg/g (Nulchan,
Daewon, and Taekwang), respectively, which is 4 times higher than the contents of raw beans. The contents of stachyose
were 10.84+0.42~13.05+£0.13 mg/g in raw beans, 11.37+0.03~12.05+0.52 mg/g immediately after boiling, and
0.16+£0.01 ~0.3340.02 mg/g after 12 hours of fermentation, which is a 97% decrease from those of raw beans. After
24 hours of fermentation, no amount of stachyose was detected. The contents of raffinose were the lowest in raw
beans at 2.66+0.09 ~3.54+0.05 mg/g, but they increased 3 ~4 times between boiling and 24 hours of fermentation
to 10.61£0.16~12.66+0.17 mg/g. However, raffinose content tended to decrease to 8.284+0.17 ~11.83+0.44 mg/g after
48 hours of fermentation. From FRAP, DPPH, and ABTS assays, antioxidant activities according to fermentation period
of Cheonggukjang were rather low in boiled soybeans compare to raw soybeans. However, the activities were higher
as the fermentation period increased. The antioxidant activity of trans-resveratrol showed an RCsy value of 4.71+£0.36~
8.46+0.05 pg/mL from the DPPH, ABTS, and FRAP assays. This could be partly due to the significant increase
in trans-resveratrol according to fermentation periods. However, changes in functional oligosaccharides (stachyose and
raffinose) during fermentation appear to not be related to the antioxidant effects of Cheonggukjang.
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g3l €49, o133t 54(10) Fo| Hixo] qlr}.
trans—Resveratrol(3,5,4'-trihydroxy- trans—stilbene)
I F2A4%] viniferin XY= XEF9} o] o 714
#d ALEEd EA st A9 phenolic w22 frans—
resveratrol< 1992 Siemann % Creasye°l ]3] L=+
AlAl A HAEAOH, Lee 5(11)2 FFoA%E EFE,
AFAZIERE L gS &AL vkt Sl Resveratrol%
cis— FEl B AR picid- FEE EA e,
trans-resveratrol &) &J&}e] cis-resveratrol=
AA AZF(12). trans-Resveratrol UV ZA}, F40]2
5 Botryis cinerea-t Plasmopara viticola®l ¢3F 7+
S LA e 0| gEE AEY 2 s AL vl
3l7] flste] 2 71A] A E A AL EE F54d EA-(stil-
bene phytoalexin)®41(13,14) %3(11), E£%(15), 2]
(16) ol gHrEol glow, ol srzhe] oW A4 T}
Pel = EA gt frans-Resveratrol®] 752 AW &

’ﬂﬁ} A 2 free radical 24 715 2 gits} 2§,
cyclooxygenase A8l 52 &AT 28, o 4 0421]
9 AEAAAZ WA, A
o] vheke A g

trans-Resveratrolel #-3k

trans-—,

< 9\}5}(17—20).
2 57
trans-resveratrol ¥ (11), ¥%=
sveratrol ¥3(15), B A
ZF(16) 59 04?7} HaxEo] glth

T & ude diFd saE e
F3 0% F= stachyose, raffinose, sucrose
o] 9lt}. o] F stachyose® &F 4%, raffinose=
3Hf-5 o] Qo™ sucrosel galactose”’} a-1,6
747h 1, 27 Aol Hef 9l ety EE 7
o Ead o 37t HA e dAs &8
ulE7]el= Ao vyt A571d 48] Frhek
S-S Aol A4t F Fulel A HlER %*é
8k, fraf 9’]"?" AFTe] S2& A ¢
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= ‘:‘Jxlﬁ}ﬂ, Faljxte] ofste] A E
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Aol 7154 AFELAANE GRET}F HTH21-23).
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resveratrol®@ 2 9] indigestible oligosaccharides®] 3t

Z W3E ZAlsla, oo w2 b3l o) WElE FALSH
St
JERTT
AR Y F=EH MHE
B AF ALg3 Al g3 2N TAY TP Fety V)
TAAEFA A AFE Y (Daewon), E2FH(Nulchan),

7ol F& 12413 &<t Eo Ha 121 Coﬂ"i 30—;—7]-
ot 2715 AAS Y2 Bacillus sub[1]15 CSY191 ¥(26)
gt S 2.5 mL FE8FaL 37°CollA WHaA|7IHA 12, 24,
48 hroll AlRE AHFste] F20 % skl em, A3 AHE
& w7}A] -20°Ce] Y arel] HaAsgih.

Algf 2 7171

B Ao ALg3F A 2kS 1,1-diphenyl-2-picryl-hy-
drazyl(DPPH), 2,4,6-tris(2-pyridyl)-s—triazine(TPTZ),
2,2'-azino-bis(3-ethylbenzo-thiazoline-6-sulfonic
acid) diammonium salt(ABTS), trans-resveratrol, iron
(II) chloride, 5-sulfosalicylic acid(5-SSA), potassium
persulfate, a—tocopherol Sigma-Aldrich Co.(St. Louis,
MO, USA)ZH-F %18} t}. Stachyose, butylated hy-
droxy toluene(BHT) Aldrich Chemical Co.(Milwau-
kee, WI, USA)ZHE FYatalon,
Chemie AG(Buchs, Switzerland) 2% +

A8 802 acetonitrile, methanol, ethanol

raffinoset Fluka
3t} HPLC

=1]
=

+ Fisher scientific Korea Ltd.(Seoul, Korea)oll A <
31t} Glacial acetic acid, acetone< J. T. Baker Chem-
ical Co.(Phillipsburg, NJ, USA)ZX¥ T334t}

B ¥ o] Lg% 7171 HPLC(Agilent 1260, Hewlett—
Packard Co., Palo Alto, CA, USA), liquid chromatograph
(LC-10A, Shimadzu, Kyoto, Japan), microplate reader
(EL800, BioTek, Winooski, PA, USA)E A}-§-3lo] #4135}
ek,

water

trans—Resveratrol &2f 2M

2}7} o] = Bk 2 g(dry weight)S methanol/water
(80:20, v/v) &4 10 mLE 7}t 45°CE] o7& 3ollA]
45587 wtete] FEEglon, FEAL A4 7] (HA-
1000-3, Hanil, Seoul, Korea)& ©]-&3}4 12,000 rpm®]
A 1087 AR skar, A S FHeke] 0.45 um mem-—
brane filter2 ]38} Lee 5(11)9] Wl wa} HPLC
24 23199t} Analytical columne Waters u-Bonda-
pak C15(3.9%300 mm, 125A, Waters, Milford, MA,
USA)S AF-&319 a1, elution solventt (A) glacial acetic
acid : deionized water(52.6:900)¢} (B) acetonitrile : so-
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lution A(80:20)& AlZtel whel gradient® §-2]3}o] 4]
3Tt o] F A 4= 0.8 mL/min, A& FYHFL 10 uL,
UV #&719 3742 306 nmol A &3S

Stachyose 2! raffinose 241

272y o] =7k B 200 mgoll 3 mL9] acetoneS 7}5)
L 2417 59 60°C2] water bathol A 253+ 3 Q4877
(2,000 rpm, 5 min) 33 FHES FHozH xtds
AASFAT. o] IAES F 60°CY heating blockel] 2o}
Fol W2 78l E sl A AT o]olA 1.9 mLo
32 SHTE 7Fslkal 60°Ce] water bathell 24|13t &9 &
7F & 3 0.1 mLe 1 M 5-SSAE 7}8kar 4°C Y73
12412 o] o7t ojojA] Ld#2(3,000 rpm, 5
min) shof AES Wi S FHBI3ATh o] A el
TF 32 FHTE Y 7he Tl vhA] 94 E(12,000
rpm, 10 min) 3} o, A NS 0.45 pm membrane fil-
ter=® o] #3to] HPLCEA %” ST EEalwe] A4S
918k analytical column< Supelcogel C—610H(7.8><300
mm, Supelco, Bellefonte, PA, USA), °o]EA4< 0.1%
phosphoric acid, ©]54¢] £%* 0.6 mL/min, A&7 =
RID(reflective index detector), column =% 30°Co| %}

ct.

Ferric reducing antioxidant power(FRAP) X

FRAP 232 Benzie9} Strain(27)2] B2 96 wellol
w2} 74315tk Reaction solutione 300 mM acetate
buffer(pH 3.6), 40 mM HCI®] %91 10 mM TPTZ % 20
mM iron(Ill) chloride® 10:1:1& A& Ao s A&
i), wgl 200 11L9]- e Rt zs]/HE A8 50 k=
ek 5 37°Cell A 1583 ¥HgAIZ] & 590 nmell A &34
=2 =AYt 24 A8 =559 FRAP 848 Algs
A7FshA] & dx279 S35 128 SAA7]=d 28

DPPH free radical scavenging M =3

DPPH free radical scavenging &4 Z4-2 Joo$} Park
9)°] BHE WEste] APt A= FE2S 524
(1,000, 500, 100, 10, 1 % 0.1 pg/mL)E methanolel 3]
3 g 100 plLo} O. 2 mM DPPHE 200 pL ¥ &3}35}¢]

30% F<¢F Hk8-A17]1 & microplate reader(BioTek) S AL

Wg 5 trans-Resveratrol¥} 2]

nel wa 0 Pastaz 245

sle] 517 nmel A LS SR 24 AR FE R
DPPH #4& A82 d71eHA @8 tjx7o] FJEE 1/2
= #9470 Bad AR $ES R

gieh,

ABTS cation radical scavenging M &3

ABTS radical g ©]-83F &4t3l8 54> ABTS cation
decolorization assay HH(28)S A sto] AAlsst. 7
mM ABTS &893} 2.45 mM potassium persulfateE 3%

=T @ TEslo] AL o]F L oA 24A7F W] Elo]
ABTS radical(ABTS"+)& wH&al, ABTS radicale 732
nmoll A &F %= Zko] 0.7+0.027} ¥ == PBS(phosphate
buffer saline, pH 7.4)& 3]Als}o] AF&3F T 34 %
ABTS 2o 300 Lot FEEE 3% A7 100 pLE 4
1% § 732 nmelA F3EE SASI 2 A= —’F%%ol
ABTS 842 A 85E 3718HA &2 dx79 $3=E 1/2
2 A7) = Bag A= 5% RCs #to= L}E}LH
Atk

SAXM

EAANE BAZZ a3 SAS(Statistical Analysis
System software, ver. 9.0, SAS Institute Inc., Cary, NC,
USA)E o] £33 3, HAHEA(ANOVA)S A At B
A FoAde Duncan s multiple range test® =3}t

Zo W o

HIAEO| WEI|ZHH trans—resveratrolQ| g2k H3}
7 FEH AR T A= Harzr
resveratrol?] ¥ W3S A3 A= Table 13 o)
A5 T Hdar)s 2 AGGdA BAE trans-
resveratrol ¥ L5 & Y, B3 o2 E9ke
o, di IR TaYAS W A2 dariiie] dojd
FE I o]l EA YERT 53] 48A13F HE Foll=
3FFL] FeA =31 e 2 v o= 747 50.06%
0.82, 39.04£0.49, 34.00£0.54 pg/go.2 U8 Fo| &=
of Hlate] 4u) o] F7talGltt. ol gt A A5 Fo
Augom wraw WA nAEY AEEA = 3454,
F744 Ws 5o ko] frans-resveratrolo] A ¥ =
Ao 2 AZE At o= Wang 5(29)0] B3 HT= 99

o W& trans-

Table 1. trans-Resveratrol contents on different fermentation periods in each soybean varieties

trans-Resveratrol (pg/g dry weight)

Soybean varieties

Raw 0 hr 12 hr 24 hr 48 hr
Daewon 9.42+0.31™ 14.70£0.21° 13.49+£0.39"° 22.08+0.58"° 39.04+0.49"°
Nulchan 11.86+0.48"* 15.260.55% 16.1620.66* 24.77+£0.77% 50.06+0.82°°
Taekwang 7.88+0.17% 10.4140.27° 9.23+0.35™ 16.16+0.22° 34.00+0.54*

All values are mean+SD (n=3).

Means with different superscripts within the same column (a-c) and row (A-E) are significantly different (P<0.001).
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ut& T frans-resveratrol $F2] Z}ol7t vk H
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Stachyose ¥ raffinose2| gtef H3}

H &8k &2 3199l stachyose®} raffinose= Zdl
o3t <l vj¥| mrtE Elotol] ofsf HdeA o o] g uolxlith
w3k 2y vy ube| glole] RS =Tt o Z A Bl
o 9Jdt AE AFS At sl 5o S5
3, @4 U & AW, FE2HE € 42 3
AlA wg A AW ks AlskE A% 7154 54
YERATHED).

7 #5E F e ]7}01] w2 A =72] stachyoses}
raffinose?] &% W3}i= Table 29 YJEMHATE FFTE=
A= _-?LJ,} zx]. _lhr Ooﬂ/ﬂ,} stachyose 61—61:0 71—7_]—
10.8440.42~13.05+0.137} 11.37£0.03~12.05%£0.52 mg/

golgloy, Wg 12A]7F Fo= 0.16£0.01~0.33+0.02
mg/go 2 FA3| Fraste] dm Fol nlste] 97% ©]/do]
o] om g 24717 S HHE HE ASHA gk
olygt A Yn Fo EAEE
gle-fru)7} &g 5 v & o] 1]l a-galactosidase©l
oJgte] 1#7+9] galactose”t olg ¥ uw Wa 7 Xgds
£ stachyoset™ FAX} S &L, EF 24417t o] %ol & A

3] BaEo] glojxA == Aoz Azt

E

stachyose(gal-gal-

Sk raffinose?] g2 98 FdlA 2.66+£0.09~3.54
05 mg/go.2 717 Sk, SA AS5E W 2443t

+0.

o= 10.61£0.16~12.66%+0.17 mg/go. = <F 3~4u)7}
#ZF Z718FR o 483417 e A= 23]8 8.28+0.17~11.83
+0.44 mg/goi 71— o]_b 7:]'6]:.9- Eo:h;]_.

19} o] vtg 24A17W74A] raffinose?] o] S8k
stachyose”’} &3 5 o] raffinose(gal-glc-fru)2 %
7halE o, art vS W E o] 484171 o] o
raffinose® WA &o] 4|3} a-galactosidase®l] 2|3}
134Fe] galactose”t ol H B 11 gHgFo] FolEA ¥
Ao 2 AZLE AT

Choi 5(32)2 Bacillus subtilis DC-2 & o]-&3}o]
ze A=) a5 e §Fe ¥skE sS4 A9
sucrose, stachyose, fructose, glucoset= &ax7]el &=
23] A3 AL raffinose™ 7241744 & 5F W37 Aot
3 B33t o, Son 5(33)e] Aol A Ri1$ Bacillus
sp. CS-172 A x3 H=4o] vta & fod &S sta-
chyose, sucrose®} glucose’} 25 &ax7]
H 5] 9131, raffinose™ Wa 2443t &5Fo] &
g 48AITHY HAF ATt Hashe] &

S frAretgch.

ol}J rlo

rlr 2 9

o m1o

mim

0ol

=2 X|HEEZE| stitst

2 AGoM e 2 XX EHQ frans-resveratrol, cis-
resveratrol, stachyose % raffinose®} 3H2F3}4<1 BHA,
a—-tocopherol®] vl A& 3 ZA3}= Table 3o YERHS
t}. DPPH free radical 2A&ANA trans— 2 cis-re-
sveratrol RCsy kol Z+Zt 8.46+0.05 pg/ml, 7.69+
0.33 pg/mL=Z Webgdh. =3 grans— 2 cis—resveratrol
9] ABTS cation radical 2A &4 RCso atol 712} 5.02
+0.0, 5.41+0.05 pg/mLE e} o FRAP assay©l A
RCso #kel 247} 4.7140.36, 5.18+0.56 pg/mLe] =S
Yehdtl. o]+ BHAS a-tocopherol®] 3H4FslskAd 3 1)
w3 F JE AEE FA JERhd Bolt)

ol¢} T2 A¥L trans-resveratrol® FFAiks}EHA] o]

i

x |=o|-

Table 2. Stachyose and raffinose contents on different fermentation periods in each soybean varieties

Contents (mg/g)

Oligosaccharides Raw 0 hr 12 hr 24 hr 48 hr r
Daewon 13.05+0.13%*  11.37+0.03" 0.33+0.02 ND” ND”
Stachvose  Nulchan 10.84+0.42%°  11.57+0.03" 0.16+0.01 ND® ND¢
Y Tackwang 11.26+0.63%  12.05+0.52" 0.28+0.04 ND® ND®

P NS NS NS
Daewon 2.66+0.09% 454013 9.48+0.11°  12.66£0.17"  11.83+0.44™
Raffinose  Nulchan 3.5440.05™  2.70+0.04™  6.69£0.08%  10.61+0.16" 8.28+0.17%
Taekwang 3.46+0.61 4.93+0.58%  11.25+2.15™ 11.68+2.23* 7.08+0.09%

P * Ak *% NS ok

All values are mean+SD (n=3).

Means with different superscripts within the same
ND means not detected. NS means no significant.

column (a-c) and row (A-E) are significantly different.

"P<0.05,

"P<0.01,

" P<0.001.
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Table 3. Antioxidant effect of target materials by DPPH, ABTS, and FRAP assays

RCsy values (pg/mL)

Material
aterials DPPH ABTS FRAP
Polvohenolics trans-Resveratrol 8.4620.05° 5.02+0.0° 4.71+0.36°
yp cis-Resveratrol 7.69+0.33° 5.4140.05° 5.18+0.56"
. . Stachyose - - -
Oligosaccharides Raffinose e e e
BHA 6.7240.09" 8.10£0.26° NT
a-Tocopherol 9.22+0.23" 7.71£0.07° NT
P

All values are mean+SD (n=3).

Means with different superscripts within the same column (a-e) are significantly different.

— means no effect. NT means did not test. ~ P<0.001.

DPPH, ABTS$} FRAP assay 594 RCso #tol 4.71+
0.36~8.46+0.05 pg/mLl A& w]Fo] & uwjj, 27 7]t
gl 948072 57138k rans-resveratrol?] o] AF-

AS Aoz AZTH AT 3
Choi 5(34)2 #3&4 t] FEFE9Y #rans-resveratrol
o] =54F ditstadrt =va o, Lee T

(35)2] AT E Y A ZHE
trole] L-ascorbic acidell H]3|] w2 &4tsleAg
AW,

29 trans-resvera-
< YER
a-tocopherolel HI&l & bsted& Yehli]l
oyt Ay} Ao WA A F nAEo

o= giFiEel disiAVE SYE S T duE 2
Zotato] oty WP o|tH(27). Table 4= ZF =54 A8
F3 2g7)7be] wrE A3 methanol S50 thdh

G935 Aitelty, T2 25 A H(RCso values)
< 0.41£0.40~0.28%+0.28 mg/mL=ZX4 Y5 T4 2
<2l 0.23+£0.22~0.29£0.29 mg/mLET} 23|85 WA
btk Lefu g v)gke] Ao el whet 12, 24 R 484
Fholl A o] ge= e ZH7F 0.20+0.20~0.26+0.25, 0.18%

0.18~0.22+0.22 ¥ 0.18+£0.18~0.16+0.16 mg/mL= °F

= AR A= b S7Yeke AEE Bl ol g I Fo Atks)
93| trans-resveratrole] ¥¥dEo] T4 DPPH, gHol Z7te o8 7FA ] ajle] HHoz 2830
ABTS, FRAPY] ait3taste &7ttt Azd), 33 Wk B Ao o] A FEZAQ frans-reaveratrol®] &719}
Hl 238k &2]a13<l stachyose ¥ raffinoses 343l a T BHo] IS Aow daE Y.

ol felo] A g

DPPH assay0f 2|5t &5t
FRAP assayOll 2§t &4tslEat DPPH #}tjZt 24 S-S ghitsl &4 Ex¢] DPPH
FRAP assayt Y& pHell A #-Ael €3] ferric tri- o] izs AANA = HE ol&ate] Fitst 24
pyridyltriazine(Fe® -TPTZ) E3A]7} ferrous tripyri- S G 45k Yot ARE 282 & g
dyltriazine(Fe” ~TPTZ2) .2 35 deE o] &3 A ARE Foste] A ASE JAAI7 = HEE AHEH
Table 4. Antioxidant activities of Cheonggukjang on different fermentation periods and soybean varieties
Antioxidant Soybean RCso values (mg/mL) P
assays varieties Raw 0 hr 12 hr 24 hr 48 hr
Daewon 0.23£0.01%°  0.28+0.01* 0.20+0.00 0.19£0.01°®  0.17+0.01°
FRAP Nulchan 02540.01°  0.41+0.02"  026£0.01™  0.22£0.00°  0.18+0.02°
Taekwang 0.29+0.03" 0.3740.01""  0.23£0.00°  0.18£0.01”°  0.16+0.00"
P - .. . NS
Daewon 0.68+0.02%  0.72+0.00"  0.62£0.01°  0.60£0.01™  0.57£0.01"
DPPH Nulchan 0.70£0.01°°  0.74+0.03"  0.64£0.01°  0.61£0.02°  0.590.01°
Taekwang 0.72+0.01%"  0.77+0.01* 0.68+0.01 0.63£0.01™ 0.59+0.01°
P * NS wix . NS
Daewon 0.64+0.00° 0.71+0.02™ 0.56£0.01° 0.45+0.01™ 0.41+0.01"
ABTS Nulchan 0.60+0.01* 0.57+0.00*" 0.60+0.06" 0.38+0.01% 0.34+0.01%
Taekwang 0.68+0.05" 0.59:£0.04"° 0.63+0.01""  0.55+0.01 0.37+0.02"°
P NS ok NS ook o

All values are mean+SD (n=3).

Means with different superscripts within the same column (a-c) and row (A-E) are significantly different.

NS means no significant. 'P<0.01, “"P<0.001.
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3 S EEt ofy ) Q1A Woll A wstedA 2 &atsl g atet
#AHHE Fa3 AY7) TS YERE A 3Eo|th36). 7t FF

45 g 77k wE A =%9] methanol FEE-9l
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