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Antioxidative, Antimicrobial and Anticytotoxic Activities of
Seungmagalgeuntang and Fermented Seungmagalgeuntang

Jae Pyung Inl, Jung Mi Shinz, Sun Jin Hurl, and Si Kyung Lee'

Dept. of Bioresources and Food Science, Konkuk University
“}Dept. of Herbal Resources, Professional Graduate School of Oriental Medicine, Wonkwang University

ABSTRACT Seungmagalgeuntang (SG) is broadly used in traditional Oriental medicine especially in Korea, China,
and Japan, for its many pharmacological effects. This study was carried out to investigate the antioxidative, antimicrobial,
and anticytotoxic activities of SG and fermented seungmagalgeuntang (FSG). DPPH radical scavenging activities of
SG and FSG were 70% and 74%, respectively, which increased slightly by fermentation. Nitrite scavenging activities
were strongly altered at pH 1.2, (36.4% in SG and 38.3% in FSG) by addition of 200 pg/g. Superoxide dismutase-like
activities were from 21.5% to 23.3% at a concentration of 0.4 mg/mL, and the highest value were observed in FSG.
Total flavonoid contents of SG and FSG were 47.1 and 52.1 pg/L, respectively which shows an increase upon
fermentation. In the antimicrobial activity test, MICso values of SG and FSG were 800 pg/mL for Candida albicans
and 3,200 and 1,600 pg/mL for Staphylococcus epidermidis and Staphylococcus aureus, respectively. Antibacterial
effects were higher in FSG compared to SG. Anticytotoxic cadmium toxicities ranged from 63.5% to 76.1% at 10
pg/mL of SG and FSG, and the highest value was observed in FSG. In the sensory evaluation, color, flavor, and

overall preference values were higher in FSG.
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she @5o] dE Aow A Jri(1l). xR T4
AFEY AZ 9 glycyrrhizin®]™ liquiritigenin, liquiritin
59 flavonoid® v& &4k} Glycyrrhizine 3&# 2
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oko] B g T EE A AS O o P4 s
AAT A& W ‘1F, 75_7@;“3 A ABFAL AL Foll w3 A
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flarino] %] L o=

florin, oxypaeoniflorin 5% $tF%o] & 3 a3
M3 Y Aow deAd Yuk13). SvHCimicifuga
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a4 A5 52 Al4A 39 blender(Hanil Electric
Co., Ltd., Seoul, Korea)& &4 - Al Z3}o] 71742 A a2
AFESRIT,

&0 ZZEH "=

2 A ALgg Srbd S shAl = ) el
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717} 12 go] 24 V&R sto], THTE 95T 3= vt
$ 85°Ce] 2=& FAIBHHA 4A7E B EF 53 Al
oA % FAFE Whatman No. 2(Whatman Japan K.K.,

Tokyo, Japan)Z A A3 FEL NS SHFZ 100 mL ¥
¥ 2 gr3eo] Ao AFR3 SuldLE Ao R 3o,
gk Alxd svbd2g NS dry oven(Vision Scientific
Co., Deajeon, Korea)s AF8-3llA 85°Coll Al AZx3lo] G-
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A 32°Ce] 2E5 FASHHA 343 HaAY. Hart
TR T srpdaE a0 80°CellA 537t 7hd st
g mAE 2 g45 E843 A]7] & Whatman No. 2
AHAE ALEete] HE FF HAE AAS o WA da
FE=YNE 100 mL -9 2 gt5o] AydeA ARgE g
srtadTE o sl ojuff AR&SH EM 539 5= o]
A A 78k -9 (Dajeon, Korea)oll A #vjx& RS
Asto] ARSI AL8E EM &3t Lactobacillus
acidophilus MG501, Lactobacillus lactis MG530, Paeci—
lomyces japonicus MG631, Bacillus natto MG410,
Rhizopus oryzae MG680, Bacillus subtilis MG401,
Bacillus polyfermenticus MG440, Cordyceps militaris
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MG611, Lactobaciilus sporogenes MG520, Leuconostoc
mesenteroides MG865, Leuconostoc citreum MG210,
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1587 X3 S 4 F=A(Agilent 8453, Agilent
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t}2 510 nm J}Z}Oﬂ/ﬂ FTHEE A3 3 catechin
equivalent(CE) mgl & g4tsle] = EE}E‘I—O]E sheEks
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o3 3 H{QF WY

St =4l AME3F # 5 Streptococcus mutans JC—
2, Staphylococcus epidermidis ATCC 12228, Staphylo-
coccus aureus ATCC 292139} Candida albicans KCTC
19405 AFE3 Tt Al WS-8 WA 2= S mutans, S.
epidermidis®} S. aureusw Brain Heart Infusion(BHI, BD
Korea, Seoul, Korea)E& AF&3tSG oW, (. albicanse
Sabouraud dextrose(%F< 1 Lol Bacto peptone 10 g,

Bacto dextrose 40 g, BD Korea, Seoul, Korea)E A}-&-3}

24187 9% 220 Als

% (minimum in-

hibitory concentration, MIC)E 43l WHOoZ = A4
R 3] A HS 0]-83F3 ¥, 96-microwell plate(Nunclon,
Nalge Nunc International, Roskilde, Denmark)el] 2] &
=5 F3 3,200 pg/mLolA HA = 100 pg/mL7FA] 24
A ALH o= 4“0}03‘:} Z e vd F2Y JEHR
NA W= o] HEFeRaL, 37°C F2u]g]olM 1843t &
ob v ¥F FF(10° CFU/mL)%: HE3he] 37°C 2wl 7]

ol A 24 A7t vl ¥Fet & ELISA(Spectra Max 250, Mole-
cular Devices Korea, Seoul, Korea)9] &4=3% 630 nm

oM FFEE SHA WA s g, &F
gt o] FFE 3o 22 s 42 AS MICE 4743}
of MICO] A7} Y& A 85 I a7t w2 o= 3
Ea=8

M| HHQE

sutadTg Ao ANxsdd dA a4E SA87] YA,
Sk Al 2723 (Seoul, Korea)oll Al &5k NIH3T3 4
+ M¥EF% RPMI 1640 w#]9l 10% heat-inactivated
FBS, penicillin 100 units/mL$} streptomycin 100 pg/mL
& H7tste] Abgetglom, AEude 2 37°C, F%
95%, 5% CO2¥l%7](Seoulinbioscience Co., Sungnam
City, Korea)E& AF&3} o). w3 flaske] MEFE 0.25
% trypsin®. 2 2|3t Turkd -+ A7 E o] &315ith

MTT x-IEr HAMH

Mosmann2] % H1§(21)°ﬂ 9Jslo], NIH3T3 AFX%E MEE
7} wj kg 7)ol 2x10" cells/mLe] AEFES YaL 24471
i & FH=F G 559 MESA gt srtad2=gd
Axsd oA azds 54 0}7] #she] H=H(0.01,
0.1, 1, 10 pg/mL)= H7Hek 5 48413t &<k w4k v
4 Fd ZA 3 MTT 50 ng/mL7F L3-8 Al Zujefd S

F 8719 1 mLA 2L 3N wieF F ajgds WEa
DMSOE 2 mL/well® Yo 583+ A& Wx] & MTT for-
mazang £33 & FHE=E 9 F=A ELISA Reader
(Multiskan Ex, Komabiotech Co., Seoul, Korea)= MTT
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9] THT(540 nm)E SA 3] 23 vlul FZAFFY )
ICso 23
IC50 22 vk 52 NIH3T3 A5 AlEE 96 well

plate®l] 2x10 cells/well® ¥iL 24A17F w3k oS- 0.01,
0.1, 1, 10 ng/mL FE=9 SuldLg A Hrlste] 447
Hj ket & MTT F%S stod o] & 712 dist 50% <Al
SR [C0% 37 A4 a4 ALY,

EH=sd 23 Hsal

SsuldZgd 2wy golS Whatman syringe fil-
ter(Spartan 13 mm Syringe Filter, regenerated cellu—
lose, 0.45 ym, Whatman Japan K.K.)Z AF&3}o] A2



% HPLC(Ultimate 3000, Dionex Korea, Seoul, Korea)&
o] &-3fo] B3t} olu flows= 0.8 mL/min, gradient:=
buffer A(0.3% TFA), buffer B(acetonitrile)& AFH-3}%1
Ij- 71—71/] buffers /‘]7]'1:]'] Bﬂi Oi\a‘co zA ]’9,12“1,
BA o] Abg3F 729 S Agilent SB C-18 column(4.6<150,
5 nm)olslem 54 342 280 nm(190~700 nm DAD
scanning)°] 1 t}.
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groll A2 A AlsLG T Hobek s A WA A A A<l 7]

S8 WARGon 51 AmNE o EATHIA: W
Ak, 34 wEolt, 53 g Foh),
S7)%2|

FAAE = 242be] Al Rol| 3] Student's t-testE ARE
&to] meantSDE A4tstl o™ P-valueE T8kl 94
< HZe

=

Zat 3 oF
DPPH ZIC|ZE A7 S
a, wzker Suh k2, A7 5 57K ARE o83t
Azd svbdagelst wa svpadagold Wd free
radical £27%5& 5733 A& Fig. 139 Lok snpdag
of 5 a bl gk DPPH 2tz 276 &
Al FE 200 pg/mLAlA 747k 70.2 2 74.3%2 LE

%‘:‘}Q:E}C’“ﬂ]’ﬂ th4 & DPPH @z &7 & e
il vkl Vit C¢] DPPH oz AA %52 91.9%
2 L}E}WD} o]l#] 3t Ay wtF HuldEral A Fo] Al

AgEo] Ba A A free radical 2A S a347}
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Fig. 1. Electron donating ability of seungmagalgeuntang and fer-
mented seungmagalgeuntang. SG, seungmagalgenuntang; FSG,
fermented seungmagalgeuntang; Vit. C, vitamin C. Each bar is
the mean+SD. Means with different letters (a-c) in the same
concentration are significantly different at P<0.05.
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g vlagt o2 AL8-$ BHT 0.05% A 25 =olA] 92%2]
DPPH 2} 7;} 2SS HYlom, 005% s AT
DPPH &7 AASL 19%= wWekoy, #
oryzae, A. kwachii B M. purpureus W+ 2
T o= DPPH 22 2A 5] 24z} 46,
49 9 56% % BT el ofsiA gtz Aol FokAl
3 3HSITh Kim 5(16)2 A=A FEE0A 8= 5
e 2 FPE o= ﬂa“’l FolA WA ks Do) =
2
<

DPPH g}tz AA G0
aFom, Park 5(24)2 4 3L &
= H]JL?E} Ay oG 4 +E 59 DPPH radical 427
Fol T FUTha st 2 Adol Ao dAE.
Park®} Kim(25)2 32 RYRG) 28] A] #j ok A7t u}
2} DPPH 2}t]Z 4750l F718t3l o 8= ool wat
DPPH &tz &715¢] ZFol7} i dvkar 88l em, In(26)
2 4g Agdsge9 e DPPH #&Ho2 275 o] HaA
] HA3pa gl vla Eokrha skt

=
srbgogs wy Supgogde] pH 2 e o}
A= Fig. 29 #Zt}. 0.2
o] sl galy wy Fupd gl ofF
A 2A%2 pH 1.2 oA 247k 36.43 2 38.32%=
o] FrtZTE AR T 2 opdat
| atel BHT(71 31%)HT}E e
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Fig. 2. Nitrite scavenging ability of seungmagalgeuntang and
fermented seungmagalgeuntang. SG, seungmagalgeuntang; FSG,
fermented seungmagalgeuntang, BHT: butylated hydroxyloluene.
Each bar is the meantSD. Means with different letters (a,b) in
the same pH are significantly different at P<0.05.
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2% & YERRITE B3 pH 6.0 7oA = A A o=
7.41%9 9.12%% 7} e olFAY AASS »}EME}
o]N—g] 2] &) oﬂ}q 311:1]-71—1151—0“,] o};ﬂx\}u 2 A% DH7]'

S94-=(pH 1.2> pH 3.0> pH 6.0) o}24d 27 %50] ¢
Gt Bae 5(27)9] AT A9} o} 4t A7 5] 2
Aol A9 pH 2713} ¥]segh pH 1.2¢014 7Hd =kvhaL
B3 Lim 5(28)9 A#et= dA3H3It}. Jung 5(29)<
WA Az Al FEHA Z X ol n] Hrkrel A ol 4k
2AF "A= 9SS pH E, 75 HE £4%
WAL A detdn] H7bh 2T WA ET
H o A5 7he] foAQl Afol= A A e¥sktar

#UVLEL L%WP wg Fukadg A ogk superoxide
gAdS 313817] Y8lA superoxide}
< pyrogallol A58} wk&-
’\}d A= Fig. 37 2t}

u/] SOD _I_I_/\]_ﬁl-/ﬂp_ 7<4
7F&% 0.2 mg/mLoll A& 9]31 ZFol 7k Ao, 0.4 mg/
mlL Tx=o A= 47 21.45+0.36%, 23.3410.42% = 2]
20 2 (/X0.05) AFol = B In 5(26) wa 23w

PN s

FFF9) SOD fAHEY ol 2R G Bk}
o 3h9om, Jung FROE A Aol S A7}
@ o3} o2 oe] the SOD FAEHY S Wi 2ALS
A g3 A A el dv] A7k MEel A SOD FAMEHAY

5

o)

]_

= VEbG T B8kt Lee 5(30)8 =412 &
2 wE A %3} 2E20| A2 SOD FAHRA o] FokThi
U R 7)Rbe] 57}3‘011 w2t SOD AR o] 7
o= Jerqoﬂfﬂ FHelZ) H AE] 24

25 1  @®sSG [mFSG

20

Superoxide dismutase like Activity (%)

0.2 0.4
Concentration (mg/mL)

Fig. 3. Superoxide dismutase like activity of seungmagalgeun-
tang and fermented seungmagalgeuntang. SG, seungmagalgeun—
tang; FSG, fermented seungmagalgeuntang. Each bar is the
mean+SD. Slgmﬁcantly different from SG at P<0.05.

A3kst ol Wi A A SOD FAHEA ] this F7beh
2

r

£ ZgHL0|E &
—éH}QEEW”(SG)Jr g FubdgAFES@
ZHH s TS A A9E Fig 49 2ok &
%E‘ri}r_OIE ko 747} 47.1440.38 mg/g(SG), 52.11+
0.74 mg/g(FSG) .2, v SrladTygdor F Zebr e
ol= gafo] Foldor A el TH(/X0.05). Shin}t

=

Yoo(32)= 23} 58 a23 58 Ta =AY
T EftEwolE S st Ay 523 FEEA
20.93+1.8 mg/gol o, FEE Ha R & ZetH o]
= 3eFe 38.1743.18 mg/ge 2 HE Hol Hla) 82. 3%

Z7FF o Barskdth. 13y Hand} Lee(33)&

BEY AR HaA 2 ETRY o &% B]JJ—
TolA wE HFe] F Zer ot ko] ¥yt A‘?i‘:}
a1 3fe] 13} ghoRAl FEFA Y] v AE dal ot g
GAEA W37l ¢lvta st Parkd} Kim(25)2 red
yeast rice FE&E9] ¥a 7|3to] F71ge] we} ool i
HEF s %Y F g g5kl FUkEv R
Hasgler, o= wa A A 7]Ze R Aol &%
Lol AEsgERE A%k AowE FAHT 3Gl
AR A=
oF Tz, Aol EFHE o] e o|AE TR EHtRolE
AEEol wa el Ao duEo] walE o]

= LolalA Wl AAHo R ALY &
R Frkshsol S7kE Aow AzbEnh

[

_Au}yl—:LE]— o] ‘7*8_ %_‘;j!_

FE

2=
© QEL, —o”‘:']', Z}

s gogele) g w3E 24
o Streptococcus mutans JC-2, Staphylococcus
epidermidis ATCC 12228, Staphylococcus aureus
ATCC 292139} Candida albicans KCTC 1940 55 ©]

54

52

50

48 t

46 |

Total Flavonoids (mg/g)

44

42
SG FSG

Fig. 4. Total flavonoid contents of the seungmagalgeuntang and
fermented seungmagalgeuntang. SG, seungmagalgeuntang, FSG,
fermented seungmagalgeuntang. Each bar is the mean+SD.
Slgmﬁcantly different from SG at P<0.05.



Table 1. Minimal inhibitory concentrations (MIC) of seungma-
galgeuntang and fermented seungmagalgeuntang

MICsy (pg/mL)

1
Samples S. mutans S. epidermidis S. aureus C. albicans
sG" 1,600 3,200 3,200 800
FSG 1,600 1,600 1,600 800

USG: seungmagalgeuntang, FSG: fermented seungmagalgeuntang.

&3] HAABNFEMIC) FFolA e 3 avs Felgh
ZA3}= Table 13 2t} FollA B vlet @o] C albicans
of gk srtdoygda vy Frlddgde] o Fbs
MICs0©] 800 ug/mLR 2\, S, mutans, S epidermidis, S.
aureus®| W3 MICs02 1,600~3,200 pg/mL= 23#<l C
albicans®| t& MICso0] WA YeEb xle a3k Al
of tigh 3t EET; EokT) olE|g Ay wa FvkE
THAS "} st AF TS ¢sA71=d 2347t
NS AoR VA, w3 Supd '] S epidermidis
9} S. aureusoﬂ gk At g3 e HAAEEMICs) 7}

¢

2
8

Bur} e Gt B4l e slez 42,

3,200 ng/mLyl ot B E Skl g F o] of
g HaolAlF = 1,600 pg/mLE HE FrbRTge] o
F Gt a7 wA dERd, dgelA Srkaage] F2
B2 AFss I Agdthe Adaetn A st
BE SrpdE el WyAS ga} Gt vl
oj’de] ddeld da bl o7k Alytel et gt
a3t vkl o g AR Egch ol e
AR wE A A sraeRdd 39 adE e B
of AN dmoA ] SEFo] TIIH ] Sk

s

ks

oot
r44
mt
A
Ll
=
El

el wE A9
kot EHA o] Holx] ko L. caser
2 g AEe xx8 g B A= 5 mg/discd] FEolA
B. cereus, B. subtillis, S. aureus, E. coli, E. cloacae,
S. enterica, P. aeruginosa M=ol W3t &+ &S YE}
WAtk 31tk Brownd Wfight(35)E F=52] 3kefA] 9
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Fig. 5. Determination of cell viability against various cadmium
concentrations on NIH3T3 fibroblasts. Each bar is the mean+SD.
Means with different letters (a-h) above the bars are significantly
different at P<0.05.
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Table 2. Comparative analysis of polyphenolic compounds in seungmagalgeuntang and fermented seungmagalgeuntang

Contents (pg/L)

S 1 - ; — ; ; — : —
amp?es Caffecic acid Daidzin Ferulic acid Daidzein Berberin Baicalein
SG" ND” 1,559 ND 12 ND ND
FSG ND 1,643 ND 63 ND ND
Y3G: seungmagalgeuntang, FSG: fermented seungmagalgeuntang.
IND: not detected.
T AU WVL:280 nm B~ WVL280 nm|
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Fig. 7. HPLC chromatogram for the determination of polyphenol in seungmagalgeuntang and fermented seungmagalgeuntang. A:
chromatogram of seungmagalgeuntang. B: chromatogram of fermented seungmagalgeuntang.
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Table 3. Sensory evaluation of seungmagalgeuntang and fer-
mented seungmagalgeuntang

Samples Characteristics

P Color Flavor Total acceptability
SG" 2.7£0.5 2.8+0.4 2.7+0.6
FSG 3.4+0.5 3.3+0.5 3.3+0.5

l)SG: seungmagalgeuntang, FSG: fermented seungmagalgeuntang.
Significantly different from SG at P<0.05.
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