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Antioxidant, Anti-Wrinkle Activity and Whitening Effect of Fermented Mixture Extracts
of Angelica gigas, Paeonia Lactiflora, Rehmannia chinensis and Cnidium officinale

Ji Na Um', Jin Woo Min, Kwang Sik Joo and Hee Cheol Kang
Life Science Research Institute, GFC Co., Ltd., Yongin 17095, Korea.

ABSTRACT

Background: In this study, examined the effects of an extract of a mixture of Angelica gigas, Cnidium officinale, Paeonia lactiflora,
and Rehmannia glutinosa fermented by Leuconostoc mesenteroides, with enhanced value and functionality. In oriental medicine, a
mixture of these herbs is called Samultang.

Methods and Results: In this study, we evaluated the effects of a fermented extract of Samultang on oxidative stress, procollagen
type I expression, and melanin production. Samultang was extracted with 70% ethanol, followed by inoculation with Leuconostoc
mesenteroides to obtain the fermented extract. The evaluation of viability of B16F10 cells and human foreskin fibroblast (HHF)
revealed that both ethanol and fermented extracts of Samultang were non-toxic. The results of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) test showed that the fermented extract of Samultang (SCs, value =100 pg/ml) was a more effective DPPH free radical
scavenger than its ethanol extract. In addition, procollagen type I expression was higher in cells treated with the fermented extract of
Samultang than in cells treated with ethanol. In the non-toxic concentration range, the fermented extract of Samultang showed
strong inhibitory effect on melanin production in a-melanocyte stimulatin hormone-stimulated B16F10 cells (ICsp = 37.9 pg/ml).
Conclusions: These results suggest that the fermented extract of Samultang has considerable protential as a cosmetic ingredient
owing to its antioxidant, anti-wrinkle, and whitening effects.

Key Words: Angelica gigas, Antioxidant Activity, Anti-Wrinkle Activity, Cnidium officinale, Leuconostoc mesenteroides, Paeonia
Lactiflora, Rehmannia chinensis, Samultang, Whitening Effect
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sH7] $I8 WP P AR (melanocyte)oll Al B A A wH-S-
4 (melanogenesisye B3l Hapdo] A=, o] AFH
depde] s FjFAo] A Wstale] A FFbo] Yo
Ht} (Ito and Wakamatsu, 2003).

YRS Ak gmdgs ZEk (collagen), AEEl
(elastin) 5ol o™ o]F FEPIS A Az HFE] 70%=
2BA8kaL o, FREERt opjel W gl X|ofe] 7] 2]
Es st 229 A9E, AE F4F 23 e F
kst 7152 7HIY (Brenneisen et al., 2002).

el e A E2]71E (extracellular matrix)ol] EA5k= 4
OFMI2E (fibroblastyoll Al A9l Z2F2H (procollagen)yS
A == 29 718 doll= Z2R B 1 (collagen
type 1)°] 80% o]’ XAl 9JoH, o] = B 1 F
=3t golx Fhgo] ZHAESL F weslEgox AEE =
7P Fa3t S Eljoltt. SEile] FAH RalHEe =
5ol T Aol Jlom o] o] nEH R EHds
°olF A FaEol F7hste] IF =3to] d<le] "tk
(Baumann, 2002; Lee et al., 2015).

ALY (U5 B9 (Angelica gigas), 2FF (Paeonia
lactiflora), A3 (Rehmannia chinensis) R & (Cnidium
officinale) 4 7¥A SRR FE gepwoR FoRzt
CRESE ) €9 (mffhel 21k (iimg)elztaL =of giet.
g (o] P BHFE 7 U3 AxshH SEEA &
T slen, gAlo] W Ad, AAHEE A Ao =w
AREE|TL Utk (Heo, 1976; Ahn, 1999). 8 5AT2E I
I dF 2GR gA|, kst a3, ol DA mH JiAd
o] BaEe] Atk (Ahn, 1995; Lee et al, 2001; Kim et
al., 2000, 2007, Tahara et al, 1999).

SEvEte] dE geREA Fuidl AAse A=
NE HIAATE BY gt g9 £3E =9 }2]
FE/H 9 A Bt e AR A om,
ol gl Aeld At gyh BaE vh 9tk (Kim er al,
2008). g2 Pyl &dhs thdd 2Eo= e
o] ge] 97t o &=L o ARG, A, &
e o 8l 9% 98t a7 4eiA Atk (Kim
et al, 2011). Fistell &ohe A2 28 AR o8
sherl deder &3, Wel &3, Xv) X8 &zel st
T3t BaE vk 9Tk (You er al, 2011). HF-2 vuelz
of &ohe thdA 2Eo® O Bl BE, A, 21 2%
7F Hojuhar GAES B Rl s Sl g A Ee
AREEE AJokomA RIS Al a3F ¢eiA Ak (Oh
et al., 2010).
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Sk} (Hubert ef al., 2008). W&ol 0|45t mERE 4t
&, A, T2, Bgo] Fol om 53] fArEe] A9 Wi
374 ol wis] E8=aL St o] 2 fAES o8

g ol 9 &, v i &) B st a3 5o
T4 GLL VA Zor Hiugo] o ek
= 3opl FE=0] 858 VIES ol&st] STRITIAY
M2 B5S EFdA} she A7 2a S AXEA
Wslsls AES B4cke A7 ASsiA AREL 3

(Yang et al, 2011; Im and Lee, 2016; Kang et al, 2016;
Jeon et al., 2011; Choi et al., 2013, 2015).

2 Ao e st B e B3t SeRsithar Bl
H vk = 54" A (Panax ginseng)N1AFH -2t
Leuconostoc mesenteroidess w213t o] &2 RS Ak
B8] 23U (Kim ef al, 2012). o33 o8& HF<S
A AxE AR EEES o8l AFERC] it ¥ 5
5 M &3] ST oyt AR %S EEsaX

stor, sPdE dREAe] MY rhede ERlskaAt &
ATt
M2 2
1. & M=
AHERR S Al zol| AME-SE B (Angelica gigas), ZFoF

(Paeonia lactiflora), X% (Rehmannia chinensis) % ZF
(Cnidium officinaleye A7 sHgekzo)A] Hulsiodct. st A
Sv A A2 BHasls] 2 Ao A5E ARSI

2. 9P 3 A<k

FZ A &l ethyl (extra pure grade,
Daejung Chemicals and Metals Co., Ltd., Siheung, Korea)s
A3l 32, 37C rotatory vacuum evaporator (400 series,
Eyela, Tokyo Rikakikai Co., Ltd., Tokyo, Japan)& AME-3}5%
o} MaE vk $18l FBS, penicillin-streptomycin, DMEM
Invitrogen (Carlsbad, CA, USA)IA FYsIH o, 52kt vl

alcohol

&S 93l MRS broth (Becton, Dickinson and Co., Franklin
Lakes, NJ, USA)E ARSIt AX AEE& H¥LS EZ-

cytox (Biomax Co., Ltd., Seoul, Korea)s A8l om, &
A A¥S $I8] TRI reagent (Sigma-Aldrich Co., St. Louis,
MO, USA), transforming growth factor-p (TGF-B), ascorbic
acid, o-melanocyte stimulating hormone (0-MSH), arbutin
(Sigma-Aldrich Co., St. Louis, MO, USA)& A}M&3}9it}
Reverse transcription-polymerase chain reaction (RT-PCR)<
#3l Bio-Rad real-time system (C1000, Bio-Rad, Hercules,
CA, USAE °]&3t9, 3% S4<S 93l multi-plate
reader (Paradigm, Beckman, CA, USA)ZS ©]-&3}ith.



e, Hof K&, Mz Ef we=e| eiEl e ¥ 08 St
3. % g 4 B & 20mox 35S =45
QS 9FFol Alerst & UE3sio] 3 7Y Bt A2ollA
AA SR, A S8 S " SRl "8t 70 MIE e
o] 3438 T MRS agar W0 E=atgiow, 30T ZAZ A|EQ] BI6FI0 cell @ AFEe] Aol % (human
incubatorell A 24 AJZF wijeFale] AT AEE e 4 foreskin fibroblast)?! HFF cell eH=AIE5-23) [Korea cell
3] A vkt &, JAdE 2 colonyE: o SR oM, line bank (KCLB), Seoul, Korea]ollA] EFuigton  z}zfo]

DNA FZ3to DNA 417131 wia 24l e]g]sle] 16s
RNA 45 A5} blast programe AFE5Ho] 72 A%
S B As, ke zRE E2lst 457t L mesenteroides
2} 99% o)de] s Zhe dYE g1

R

oX d
o

4. NS 2g=E HX

AR Lee & 2010y Farste] B, zef, A% 2
S 7 1:1:1:12 4% F 1509 70% ethanols
1,500l & o] 2 A7 52t 80C 7HE FET ¥, oK
(Whatman no. 2, Whatman Co., Maidstone, England)Z <]
HeAL o] FFE 2 3] ¥vHESAT FEFES rotary
vacuum evaporator2 ZAEEste] 20 brixg! A JEI=
A2 o] FE=NE 10%=2 FFshe HIAE Azt
121C, 1.5 7194elA 15 #7F 7IbEvtaal 27k Wz
7Hom, d¥+= Azl wE AY S B3 8% Ws) &
918 gall Ia A ALEHO R oz ARSI o]
ARl QpbollA EE|gE fARF L mesenteroidesS MRS
brotholl A Al wjget H 1% (vv= HFsAH HE:
37C9] incubatoro|A] 48 A7+ o]/ wijgale] AHERNS WSt
Ao, syringe filter (0.2/mE A7 S AA st
AR HEES AU, dFe TR HE AS

B W3k ERS A8 ARkt

5.3 4= e 54
% s FFS Taga 5 (1984)°] 2ls AAE Folin-
Ciocalteu WS A 3te] tfest 7ol =AU AR

100 1 (10 mg/ml)oll Folin-Ciocalteu reagent (Sigma-Aldrich
Co., St. Louis, MO, USA) 100 4 E 7}3le] 5 B7F 4429
At s}t th 10% sodium carbonate (Sigma-Aldrich
Co., St. Louis, MO, USA) 100 (£ Z 7}3laL 30Tl 1 A|7*
HEEAIZL #, 760 m ol FBE=E S48

6. 5

<

ool e SX
=

Z2H o]t $HES Chae 5 (2002)2] Wy Zardte]
o3 o] 2A43IATE AlE 100 £ (10 mg/mbyell diethylene
glycol (Daejung Chemicals and Metals Co., Ltd., Siheung,
Korea) 1mé< 7}k I N Sodium hydroxide
(Daejung Chemicals and Metals Co., Ltd., Siheung, Korea)
100 16 & FH7FkaL 37Colx] 1 AZFE<E WHEAIZITE ¥hgo]
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A EES 28] 10% FBS9 1% penicillin-streptomycin-
X35l DMEM HIRE ARSI AlEE 37C, 5% CO,
ZZ71004] w3

8. MXZ MEE 53

MAEAYEES WST (water-soluble tetrazolium salt) H'H-S
AMESle] =439t (Ranke et al, 2004). B16F10 cell>
DMEMEIAIE o]8-314] 3 x 10%cells/ml 2 283 T 24 well
tissue culture plate®] HF 33 5% CO, incubatoroll A 24
AIZE A ksl o, 24 A7 Fol 9 x4 AIEE A
gato] 24 A7 wiFeRh. AR A2l & EZ-cytox A9kl
E HiXE wAEte] 2 AIZF FF WEEAIZ T Multi-plate
readers ©]-&3}o] 450 nmollA E4=Z =43 TE HFF cell
2 DMEMHIAE ©]43} 1.5x 10%cells/ml 2 96 well
tissue culture plate®] HE3I3L 5% CO, incubatorol| Al 24
AIZE 2 et on, Aol FBSE F371st DMEM#} o
g FEo AIEE 49 well T 100 4L A H2]3te] 48 A7
HjeFsiaiTh A8 A2 § WST Aef o] & HiAE Ao}
2 A7+ Fob wkS A O multi-plate readerS ©]-& 3]
450 oA FEEE SISt SHES 3 3] v A3

Bz YepHAt

9. DPPH 2|2 s 53

DPPH 2lt]Z 47152 DPPH (1,1-diphenyl-2-picrylhydrazyl)
AHgste] gtz dig AEe] HAAFodF (electron
donating ability, EDA)S =43ttt (Blois, 1958). A1 &2
ARgAs SHS 8 98 s== 3Ag A8 50 Lol
0.4mM DPPH £ 450 /45 €31 30 w7+ 4TC2] FadolA
WREAIZL $ 520 m oA S EE S ol AR &
Aol H7Hrel FH7Y FHE AAES WS (%)E
Alslel DPPH 2tz 27502 YeRloH, 2o 2e
ascorbic acidE AREste] AMEE Wtg AS A|E9} v|ws)
Ak A% G4 thee] A o2 RE ARKIGITE SCst
st g 50%Ss 2AR=Y BRd HAELE gl
G492 FAEIITh

=

=

-
it

DPPH radical scavenging activity (%) = (1 -B/A) x 100
A: DPPH radical scavenging activity with blank
B: DPPH radical scavenging activity with sample



10. Melanin MM =A

R SAE A2 B16F10 cello] 60 mm A 3Zuj FHA]
o 3 x10%cells/well® MES H=3) 24 A7} vjoksle] 32k
2 SHFSATl §, FEEE -4"45} A &9} o-MSHE 2|5}
o 72 AZFs<t wiksdth (Hosoi er al, 1985). ¥l &,
PBSZ 2 3] A& trypsin-EDTAS A 2]dlo] A|xS 48
3 F AAEEE AEE Rof A5de AASAT. AE
10% dimethyl sulfoxide (DMSO)7} 37}€l 1N NaOH
g HEsle] 65T 1 AZF B¢+ whgs & AAE
melanin S 410 m X FF=E S7G3t B3R Al
59 thal PBSE AHEF blanke] FFEES VIEoR
melanin A7 A &S AEL, eToze Wehd A

L
pu—

A A3l EFE Zh= arbuting ARESE AR @e AS
A8} HW3ISITE (Chakraborty er al, 1998). ICs@ke &
AT FOZ 50%S AR os HAEEE pyml T

A2 FAT8A

11. Procollagen mRNA 53

HFF cell> 100 mm A G Al 1.5 x 10* cells/wellZ Al
ZE el wiekste] 73 2w PNl &, uiRE Al ASH
PBSZE 2 3] A|Fstal w=HE 345 ARE ATt 48
A7k vieFElI Tt Total RNAE TRI reagent2 o]&-3lo] A=
Ale] WHo g =39tk &% total RNAE multi-plate
readers ©]-83l A&, 12 RNAE ©]83I35L, cDNA
34 2 RT-PCRZ Bio-Rad real-time systems ©]-&3}o] 4
Pa9em PCR 27e 95C 3 &, 58T 30 %, 72C 30
2 40 cycles F33F5ith. RT-PCRO AF8-%  primer=
Table 12} 23, IXTOE2E TGF-pE AMgale] AFEw whg
A A58} Blasksit)

12. SA Al

AN

Table 1. Nucleotide sequence of primers.

Expected

Primer size (bp)

Name

— CATGAAGTGTGACGTGGACA - 3'
Forward

— CAGGGCAGTGATCTCCTTCT - 3'
Reverse

— GACCTCAAGATGTGCCACTC - 3!
Forward

— CCAGTCTCCATGTTGCAGAA - 3!
Reverse

B-actin 76

COL1A1

(procollagen) 5 107
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Chicago, IL, USA)YS ©]
H|ZE= One-way analysis of

olo.
A=

Science, version 12.0, SPSS Inc.,
skt 7k &+ 7o) SAHA
variance (ANOVA)ZS N33t & fF-2o]Ao] A 5% Fr
9]4==9l4 Duncan’s Multiple Range Test (DMRT)Z 4
Cipvi=

2 o o3

1.3 H=s ¥ 5 Z2L2L01c
AR e A9 F s 2 3 29 LO]E e
Table 20 VFERIQIL). Bl SRME-L 8t sl=yAHE 2
akst 2Hg-S alo] AU 2AS BT Agaﬂ E%xg%
wolo gy A& s 3leMEo] dako] WoE 3HANE} 8

dol E=ohaL %Lﬂﬁxﬂ 1T} (Duval and Shetty, 2001). AHEE
e Ae 7—17'7—1]'9 HE S 9.6mg/g B 162 mg/gO =
A WA o 1700 T 2 F sl U9S Lok
ATh F ZFepuo|= RS 747t 3 myg E 42mg/gl®
Uepdo 2 BE $ 14 v o Eold F ZEhEcol= 3
Asilon], & Aust 3 Feheol= ¢
Z7VleE AL RIS ol dikes
mesenteroidess ©|-83F AR Ma
Hirol= ghgfo] BT Frlsk=dl T8%h
, A2 BuE AN E o] mA
5 wget Al = L
mesenteroidesg ©|-&3 L&A 7} F FlEo] 3 u] ol F
7tel EetEiol= FeF 6 vl ol F7FE UERY] F 5

I} T Erol= ﬂﬁ% RE el SRS SIS
vl Aok, (Kim et al., 2016a).
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=
<

=
=

2. NIEZ=sY ot

S MEZQD BI6F10 cell# AFEe] A-folAM2ZSl HFF
cellell W3t AlE=AS dolry] 9la) Ale® 2a dF Al
= 7_1].74. RC=R = (0_ IOOﬂg/mf&)ﬁ ﬂﬂ—ﬂ_ ez WST ANFHO 2=

= [Sam=1 T

Table 2. Total phenolic and flavonoid contests of fermented
extracts of Samultang.

Total polyphenol  Total flavonoid

Test sample (mg - GAE"/g) (ng - NE2Jg)
Extracts of Samultang 9.6 =04 3.1 =0.1%
Fermented extracts of 16.2 + 0.6 42+ 0.1

Samultang

Mean values = SD from triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (*p < 0.05). "GAE; Gallic acid
equivalent, ?NE; Naringin equivalent. Each value in mean =
standard deviation of three replicate tests.
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Extracts of samultang

m Fermented extracts of samultang
120

Cell viability (%)

Concentration (ug/mg)
(A)

Extracts of samultang
m Fermented extracts of samultang

-I ::I = =
0 3125 6.25 125 25
120
0
0 3.125 6.25 125 25 50

Concentration (pg/mf)
(B)

Fig. 1. Effect of fermented extracts of Samultang in
B16F10 cells and HFF cell. (A); B16F10 cells
were stimulated in the presence of samples. (B);
HFF cells were stimulated in the presence of
samples. Mean values = SD from triplicate
separated experiments are shown. *Means within
a column followed by the same letter are not
significant based on the DMRT (*p < 0.05).

w
=

Cell viability (%)
w @
= =

-
I.I
00

1

sl o =4 A= Fig. 19] YeRAATE BI6F10 celloll
3k AEAEE] 49 Ua A AERY A3 A ve
100 g/mloll Al 101.4%2] A ZAEES YEPI o 2ZH A2 A
o gt 548 YehlA] &g RIS, AFER W
Bo] 3 g FX 100 pzg/ml oA 102.4%2] A ZPEES
Uepgozyn vty A5 25 Al A tig 54 JE
W] k28 it} (Fig. 1A). HFF cellol] thak A48
&89 A9 e A AERe] H A F= 100 gg/ml o
A 100.3%°] MEAYEES JERH 02 Al Aol tigh =
e YeRA &3-S RIS, AlEE HaEe] Hi A
2] F% 100 pg/mlolA] 105.8%2] MEAEES e O ZH
1y A B AE A gk 548 VeRA] 22 &
dkATH (Fig. 1B). ol 22 A= o 100 g/l o] 5
A BE 4 a9 A9 A3k

3. DPPH 2iTIZ 2SN T}
DPPHE AJA| Wl Exske 2oz
E5AAE ZE Qo] 520 nm oA 7gst
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A itkslso] e EE v =W HdS FE=
oA F4% gho] 7FAF} (Torel ef al, 1986). A=

ge] g %9 DPPH itz &AGAS Elsk] Sl
A% NEE 77 =9 (0-100 gg/mh)E A Hom,
A AR 50 pg/ml oA FE] DPPH 2HHZ 27]5]
P HAL A2 FE 100 pg/mlell A 16.3%2] A8
S YERNATE dhHe AFER BaE2 HA AT FxolA
82%°] 2AZE Hello] 7P YW s=0l4FE DPPH
o)z oAse] AFEANeH HY A % 100 g/ml o
Al 50%2] 2ALAE YERSITE ol 100 pg/mie] 22 &
oA AEERe] WE AFE HwEe o, dEEe] ¥y
HET} ¢F 3 #je] DPPH gjt)zd &7 E4o] T718+2
BRI 202 A3 ascorbic acid7F 1.7 pgmle] F%
ol 50%2] AALAS UERH Al vigl ARER dEEe] W
& &g a3E YERIAR dhg Ang gils) 4ol 945t
S QI o, o|AL o4t By] Akt L. mesenteroidesS:
o] &3k wme 23 FAitsl E4dd S viAlE dAlsd 3t
I FepR o) =77 S7HE o] €l Be=m AT
(Table 3, Fig. 2). Hong (2011)°ll W=W L. mesenteroidesS
ol g3t HE AE FEEC| WE T TR ol=FUt SISt

fo ¥ T ofn
[UN' t,‘o[r mﬂl

Table 3. DPPH radical scavenging activity (SCso value) of

fermented extracts of Samultang.

Test sample SCso (g/m)"
Extracts of Samultang N/D?
Fermented extracts of Samultang 100.0 £ 0.9%
Ascorbic acid 1.7 £ 0.1

VSCsp; half maximal scavenging concentration, SCso values were
calculated from regression lines using different concentrations in
triplicate experiments. ?N/D means not detectable. Mean values =
SD from triplicate separated experiments are shown. *Means within a
column followed by the same letter are not significant based on the
DMRT (*p < 0.05).

Extracts of samultang
mFermented extracts of samultang

60 |
40 |

20 |

i} T e . . . I

0 1563 31325 6.25 12.5

.
e
I
25 50 100
Concentration (ug/me)

Fig. 2. The DPPH radical scavenging activity of the
fermented extracts of Samultang. Mean values
+ SD from triplicate separated experiments are
shown. *Means within a column followed by the
same letter are not significant based on the
DMRT (*p < 0.05).

Free radical scavenging (%)



3L ksl @2do] S7bdo] Barg vl Q)AL (Hong, 2011),
Az BaEdA dAEA sEY SgEeol=RTE Sk

=

aksl a3yt Z7hgol Rud vl e T LaEe] HeA
SIRHE EefReo|=fe] STt ksl matel| ik A
7} o B vl ok (Kim er al, 2016b).
4. Melanin MMz "I}
) 5-o] mjwz} FH0] 9= melanin A2l w1
Ik fl8l) AR HE AT 52 Ax Al
H (0-100 gm)Z A28 & melanin YA FS
I, #g H AR HI AY FE 100 g/l oA 93.3%
©] melanin 84S YERH melanin 84 A &do] H¢]
S RIS WhHol AlEE HEES HA A %
NMEE FEEXOZ melanin FAAFS] 7AE YEA
3 A A2 B 100 gg/mllA 25.1%2] melanin B4 22
e om, 74.9%2] JA&2 ES melanin A4 oA B4
o2 BAFAULE ol = wE A vwstE W, melanin A
g7ko] oF 3.7 W) oo m 7AES RIS wE M A}
EROA YEPA] 9 melanin A A &40 e E
N ES melanin A A B YRS H, 59
50ng/mé 23t T arbutinE U= AMEY W3R E0]
melanin A EI7F FHoldS I oA AHEE

=72 T1w

I=8=1
X

Table 4. Melanin contents of fermented extracts of Samultang.

Melanin contents of control (%)

Test sample
Concentration
(1g/ml)
Extracts of
Samultang
Fermented
extracts of
Samultang

0 25 50 100

100.0 £ 0.4 993 =0.2 99.0 = 0.3 93.3 = 0.3*

100.0 = 04 64.6 =04 38.1 =03 25104

Mean values = SD from triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (*p < 0.05).

Table 5. Melanin production inhibitory (ICsq values) of fermented
extracts of Samultang.

Test sample ICso (ug/me)"
Extracts of Samultang N/D?
Fermented extracts of Samultang 37.9 £ 0.4%
Arbutin 472 £ 0.5

YCsp; half maximal inhibitory concentration, 1Csy values were
calculated from regression lines using different concentrations in
triplicate experiments. ?N/D means not detectable. Mean values =
SD from triplicate separated experiments are shown. *Means within a
column followed by the same letter are not significant based on the
DMRT (*p < 0.05).
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= Extracts of samultang
® Fermented extracts of samultang

)

a-MSH a-MSH  Arbutin 25
(-] (+) (50)
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Fig. 3. Melanin production inhibitory activity of the
fermented extracts of Samultang. Mean values
+ SD from triplicate separated experiments are
shown. *Means within a column followed by the
same letter are not significant based on the
DMRT (*p < 0.05).
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followed by the same letter are not significant
based on the DMRT (*p < 0.05).
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