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Abstract This study was designed to compare the effects on antioxidant, whitening,
and anti-wrinkle improvement of 60% ethanol extracts from 7rigonotis radicans
var. sericea (TR) and Lactobacillus brevis-fermented 7. radicans var. sericea (FTR).
The total phenolics contents of TR was 18.6 mg/g, and FTR was 18.2 mg/g. The
HPLC analysis confirmed more phenolic compounds were produced in FTR by
bioconversion than in TR. The FTR showed higher 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity than TR. The results of the 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation decolorization assay,
FTR and TR showed higher activity than BHT (positive control). The FTR (1.21-
1.29 PF) showed higher antioxidant protection factor (PF) activity than the TR
(1.15-1.22 PF) and showed higher tyrosinase, collagenase and elastase inhibitory
activities. This results showed L. brevis-fermentation of Trigonotis radicans var.
sericea changed the composition profile and has effects on antioxidant, whitening
and anti-wrinkle improvement.
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Skin anti-aging effects from fermented Trigonotis radicans var. sericea
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HaE 53 Yoke o2 tirMES Aitsta ZﬂJ-OP‘ 7]
71&9 TagAies 2 AF=drRY
”Vg% T 549 7180 gk AE/dS o]8sto] AeS
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1 9ItHFuller, 1989).

A2ut(Trigonotis radicans var. sericea)= A AT}

o &ote Syt 2449 &3 AH9] 53 oA U=
HAA 2Eolth &g dA &2 HEsolA A
M 7] 10-15 cmO]il, 99 4ol 1.5-4 cm& 22
HESHY GO =2 ofUSIH. s 5-7HolH £
< Rt g g 3 AE 0.7-1 cme|H Euil= 94
Aol @21 ojgdeL Agozn &o]1 QltkJung 5
2010).

AA7HA] H2ote] o] u]YE Bhaof 93t bioconversion
off et APA= op2] AFsiet, wheha] 2 AFoA=
= AT HRAER) ZF7100A BEE Lacrobacillus
brevisg °1-§sto] FEutElE LR3I bioconversiong
FEstpoH, vdta EukE e e vk 9] ogs
FEE9 e Y v 24 9 5 fdas |
S5 gRlsto] dha k] F5E0] IF A7 Ve
4 HFE 22N ] TS AT 712 ARE Al

257 s,
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2. XMz % diH

2.1. ¥sH=z

H A o)A AMEH ZEutE|(Trigonotis radicans var.
sericea)= JFEEZopAJAtoFx AL A (Busan, Korea)ol
A Ftufste] B g AAS AxE AlFE F 50T dry
oven(FO600M, Jeiotech, Daejeon, Korea)ollA] x5}
11 40 meshZ B3t & 4T Aot A|EE AMES
At

2.2. ZHa? Lactobacillus brevis HfEf
Zzutg] dtgo)| AMRSE Lacrobacillus brevis= ZF57)
oA gt dikto® AEUS AEFEoHolA Hit
QA 45 ARESITE Y Hi2 o HjdHoR
40% glycerol(Duksan, Seoul, Korea)¥ #HiYAS 1:1
o] vl &=& &3lolo] 20% glycerolo] H|=%E 2AJsto] -80T
deep freezerol| Hsl Aol AF&3}TE MRS broth
of M T 23] A wiFste] 42 2k MRS
broth 200 mL, Z. brevis BiEH 2%(v/v) &3t 37C
incubatoroll A 24A17F A FOZ FtorATt.

2.3 EE0ie Be ¥ F=59 HZX

A7 EepAT o] wiegRE ZAkt Bl 200 mLof FHEHt
g das Az ke dx *b:—i 40 g= H7Fste] 37C
shaking incubatoroA] 72417t &<t A&t vieksto] W&
AZith o]l% TaAT] AlRE FA7Zste] Ha e
ANEE ARSI F28 A= Cho 5(2022)0] Hargt
Ik Az FF FE224U F& &M= 60%
ethanol& 4174J5}to] H*i’?fW &> F=Emtelet Tast F
Z, 60% ethanol 100 mLojl
FEuke 4 dad %‘%%UW %ﬂi wEE 471 g& A7t
sto] 4CoA 18A17F B9 wHF &0 o 2582 7t
Z} Whatman No. 1 filter paper(Whatman Inc.,
Piscataway, NJ, USA)Z oilslo] A|g& AREsTh

2.4. Total phenolic contents(TPC) g3 &
et e 2HEnke] o] TPC ¥ Folin-Denis

(1912)9] o] E3to S, 4 Al F25 1
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mL, 95% ethanol 1 mLe} £5F4 5 mLE Y11 1 N
Folin-ciocalteu reagent 0.5 mLE %7}5to] vortexing
stal 5E7F WAgE & 5% Na,COs; 1 mLE #H7loto
vortexing@t & FAlo] 1417F &< WAISHT 725 nm9)
oAl UV-vis photospectrometer(Optizen 3220
UV, Merasys Co., Ltd., Seoul, Korea)E o]&3lo] &%
TE 2% & BFEEAE gallic acidE o835t & T4

2 E3) TPC ke AT

2.5. HPLCE 0/Z3F phenolic profile 241

Aok eb Ha s U9 phenolic profile?] ¥
3= EA6l7] flsf k] 60% ethanol F+&E3 HaH
k] 60% ethanol $+2&E2 disposable membrane
filter unit DISMIC-13HP(0.2 #m; ADVANTEC, Tokyo,
Japan)g °©]&st] o¥st & HPLCE methanol¥}t 1:1
H&= 2315to] HPLC #45 93t AlZ= o]&5H3th.
HPLC #412 Table 19 &A1x210] whet HAlstich

2.6. 2, 2-Dijphenyl-1-picrylhydrazyl(DPPH) radical scavenging
activity =%

DPPH radical scavenging activity® Blois(1958)9]
ol Esto] A 24 Alm #2521 mLoll 60 xM
DPPH 3 mLE 7} vortexingdlo] 158 59t A20)4
9REAIZ] & 517 nmollA S F=E S35kt Butylated
hydroxytoluene(BHT, Sigma-Aldrich Co., St. Louis,

Table 1. Conditions for HPLC analysis of 60% ethanol extracts
from 7. radicans and fermented 7. radicans

Instrument HP HPLC series 1100 (Hewlett Packard,
Waldbronn, Germany)

Column ZORBAX RX-SIL (4.6 mmx250 mm, 5 um)
column

Column temp 23T

Injection volume 10 wL

Mobile phase Phase A 100% methanol,
Phase B: distilled water,
Phase C: 100% ACN (A:B:C=20:60:20)

Flow rate 0.7 mL/min

Retention time 30 min

Detection UV absorption (230 nm)

https://www.ekosfop.or.kr

MO, USA)Z positive control2 AMsI92™, DPPH
radical scavenging activity(%)= (1 - sample?] 4%

/ control®] &%) x 10022 AXtste] YehfiTt.

2.7. 2 2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) radical cation decolorization &

ABTS radical cation decolorization< Fellegrini &
(1999)] o]l &3kl Z7g3k3lth. 7 mM ABTS &< 50
mL2} 140 mM K28,05 &% 880 L& Egtoto] ddof
14-16A17F BFA|3E 8H3} 50% ethanolZ 1:88 HEE &
ote] 734 nmol A SHE #= 9F 0.7+£0.028 9 &
o]& ABTS solution® & ARESIATH ZF A& &5 200
1L} ABTS solution 4 mLE 371t & vortexingdto]
1.587F BESAIZ] T2 734 nmollA S4EE 4513
BHTE positive controlZ AR&st9.0H, ABTS radical
AA A% (1 - sampled L% / control®] &%
&) x 10022 A4ksto] Uefi Qi

2.8. Antioxidant protection factor(PF) =&
Antioxidant protection factore Andarwulan®}
Shetty(1999)9] ®Hof &to Z4351%Irk. Chloroform
10 mLof| B-carotene 0.01 g= =9 &9 5 mLE ¥
At 558 42719 water bath 40CoA 5FAIZ] &
tween 40 920 L, linoleic acid 100 ¢Le} DW 250 mL
o] H,O, 880 pLE 37t & 2% 23sto] emulsions
AzstAt 72+ A& 5= 100 pLo] AXe emulsion
5 mLE Y1 vortexingdte] water bath 50CoA ¥&
At & 3087 WRAIZ1AL 5EZE ice waterol| Al HHA|gE
T 470nmolA SLEE &A1Y Positive control<
BHTE AME5l¥ oW, PF= (sample? S34% / control

of FHE)2 Adelo] Uergich

2.9. 0/%(Tyrosinase A&f) &2f =&

Tyrosinase A3l &I= Vicentt Hearing(1987)9]
o] &t S5kt 4 A= 58 200 L9 0.1
M sodium phosphate buffer(pH 6.8) €9 2.3 mL, 1.5
mM L-tyrosine 714 €9 400 pLE H7Fstal buffer
(pH 6.8)2 A|Z3 250 U/mL mushroom tyrosinase
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(Sigma-Aldrich Co.) 100 L& €2 & vortexingofil
37C water bathollAl 2087t ¥-&AIZ] & 475 nmojlA]
G E =AU} Positive control kojic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)E AM&5t2
o, tyrosinase A3 &IH%)= (1 - sampled] SH= /
control®] &¥%) x 10022 AAksto] YRt

2.10. =& JfM(Collagenase o) £2f Z&

Collagenase A3 3= Wunsch¥ Heidrich(1963)
o] W& Foto] Egokgint. 2t A& 0.1 mL, 4 mM
CaClLE 0.1 M Tris-HCI buffer(pH 7.5) #7}5to] A
23t 8907 =2l 4-phenylazobenzyloxycarbonyl-
Pro-Leu-Gly-Pro-D-Arg(Sigma-Aldrich Co.) 0.4 mM<]
714 8N 250 pl & 3t T buffer(pH 7.5) 0.15 mLE
21 buffer(pH 7.5)& °]&3t9] 100 U/mL collagenase
from Clostridium histolyticum(Sigma-Aldrich Co.,
St. Louis, MO, USA)Z 0.15 mL ¥7Fetitt. AleF vk
2087k water bath 25CollA ¥FSAIX1 & 6% citric acid
0.5 mLE 2o ¥-3-& HAAZ] & ethyl acetate 2 mLE
71519 vortexingdtal 320 nmolA FFEE 45
t}. (-)Epigallocatechin-3-0O-gallate(EGCG)E positive
controlZ ARE39 oM, collagenase A3l AIH%)= (1
- sample®] &4 % / control®] &4%) x 10002 AAt
sko] LER Rl

2.11. =E JfM(Elastase A5f) &2f =X

Elastase A3l &¥+= Kraunsoe 5(1996)2] B &
sto] &4stgltt. 24 Al 0.1 ml, 0.2 M Tris-HCl
buffer(pH 8.0) 1 mL, 7]& €H° & 0.8 mM N-succinyl-
(Ala)s-p-nitroanilide® 0.1mLE &3St & 1.0 U/mL
porcine pancreatice elastase(Sigma-Aldrich Co.) 0.1
mLE A7}t vortexingstlth. A|2F B8 water bath
37ColA 2087 9REAIZ] F 410 nmollA| S8=E S35t
9t (-)Epigallocatechin-3-0O-gallate(EGCG)E positive
control® AF235}9 oW, elastase A3 TIH %)= (1 -
sample?] 3% / control® &F%E) x 10022 Akt
of YA
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2.12. EHAZ

AYE 25 33 v S5 AY e B4+ H
ZH2Hmean+ standard deviation)® EA|SFF 0 £
A2+ IBM SPSS Statistics 25(Statistical Package for
Social Science, Chicago, IL, USA)2] Duncan’s multiple
range test one way ANOVAE ol F2JA& p<0.05 &
Z0= "W BA59 1, Student's t-test® p{0.01 $=

o4 W@ A9,

3. 2 % 1%
3.1. EE0E % gz EE0E F559 total phenolic
contents(TPC) &2t =%

$H-2 phytochemicalo] A&4 Wl A sh=H] it
F7b 224 djAMEER o]FoiA Qlth. © F phenolic
compoundse 2] A Q= AEA EA5t= 23t
AARES] o S5l A FASHA ol tiE-E o] AEA
of EAst7] "ol F=3 Fo] HwH ZrHsith
(Hossain 5, 2013). &Zutg] 60% ethanol F&E7} /.
brevis W&o W UE FEute] 60% ethanol FEE9]
TPC &=F £4] A7}= Table 201419} o] H&Ente] &
£ 18.6 mg/g, UA FEE FEEL 18.2 mg/gl R
L. brevis T W }Eve] 2589 TPC TF9 &
SFolA= W3 A A 3= A0 R SRIE I

3.2. ®ttat Lactobacillus brevisE 0/&3t EZ0f2 g
£559 HPLC 24

L. brevis ¥a°] 9ISt bioconversion.2 Z&ute] e}
g AEnte] 2259 484+ phenolics profile?] ¥
SIS golsty] el AEute] 60% ethanol FE5&7 W&

Table 2. Contents of total phenolics in 60% ethanol extracts
of 7. radicans and fermented 7. radicans

Sample Contents of total
phenolics (mg/g)

7. radicans 60% ethanol extract 18.610.02

Fermented 7. radicans 60% ethanol extract  18.2+0.00™

DAl values are meantSD (n=3). “Indicte a significant difference at
p{0.01 by Students t-test.
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¥ 60% ethanol #&&E& ol&5to] HPLCE &3l
E4o1t}. 1 A3} Fig. 1(A)2F 2ol 60% ethanol &0}
g] &% chromatogramolX= & 4F2 peak’l 22|
Ao =2 FQIEY O retention time 2.78E0A 112.2
mAU, 3.228004 258.7 mAU, 3.2780l4 261.6 mAU,
3.918°4 29.5 mAU9] peakE UEtH ATt &ra HE
tt2] 60% ethanol FEE2 Fig. 1(B)A9} Zo] & 8%
9] peak’l} HE|H A0 Z 3IEQOH retention time
2.72%0]4 88.5 mAU, 3.280°14 121.4 mAU, 3.56%]
A 23.2 mAU, 3.62%°1A4 23.7 mAU, 3.95&A 55
mAU, 4.28%004 31.2 mAU, 4.828°1A4 6.2 mAU, ©]
3 23.762914 1.2 mAU9] peak’} E2|H Aoz 9l
At webA Lo brevis 'WREE B3t bioconversion©]
99 &5 719 8529 phenolics profile Z}o]7}

SAte Ae =AY 5 AL I 2, Ea FRvE

222014 o tof phenolics’t AAEAT ol2jet 2
37} ke Hekelo) apatsl, ml, 5 AjA 4] o
2 v Ao oAEIT B, nlRe] o Azute)
angol ARASEE 240 B9 A771 B A
o7 AtmETH

olot fAHA A% AlRO| B4l WRS FI ABHY
o= qlste] WA}, 28 A4, uY wHE FHAY &
glon, nl4ES B3 AT BH
T 7154 ANE F7HIZ 5 Ak B9 988 7]

©

, 2017).

01(3‘11

3.3 &ZOfE % Ee AZOE =29 SHISHDPPH,
ABTS, PF) &2
DPPHO] ol &4lst &2 51tEo] DPPH radicalll

AAE ooz HAEY FEES DPPH free

(A) . 23
g
&
. 250
o]
<
= 200
o
E 150 1
© =
a o
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a2 4
< 50 \;1
0
T T

T
15 20 25 mii
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Fig. 1. HPLC chromatogram of 60% ethanol extracts of (A) 7. radicans and (B) fermented 7. radicans.
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radical®] &75& F7g5k=t g2 &&= glon &
3 249 I8 855 58T 4 ltHArnao 5, 2000;
Kang &, 2004; Kyu, 2010). &Zujg] 9@ 2§ 2otz
9] DPPH radical scavenging activityE &35t Ail=
Fig. 2(A)ellA1ek 2ol Zkz 60% ethanol %% 50, 100,
150, 200 pg/mL phenolics HEoA ol FE2EL
71.21, 67.70, 64.90, 62.33%2] A &< e, &
| gt 2552 88.56, 88.72, 88.17, 87.78%2] A4
23S Uetio] ¥R HEnke] %2004 bioconversion
of o3t DPPH &7 2/49] 7t ¥+ At BHT= &
A3t FEollA 52.14, 63.35, 67.00, 67.78%= FHH L
g drg FgntE] 3&E0] DPPH radicalo] ot dHAkst
/o] R LA RE wlS 3t Ao E FRIF I
ABTSE DPPHS} SAFSH 3FALSH 59 R|3o|A|qt 4=

=

O60%E M@F60%E MBHT

100 |

A A A

80 |
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=
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(=]
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°
e
g
-
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©
]
=
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8
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R Al S0 P a5s S48 < 91l DPPH
ot 9] FBE 574 Al AR Aao] o3t EAK0] §le
w ¥k2o] ¥ & #2tHArnao 5, 2000). ABTS radical
cation decolorization &4 243 Z3= Fig. 2(B)°ll
A2} 2ol 50, 100, 150, 200 pg/mL sZoA FEate]
FEE2 80.05, 99.59, 99.80, 99.49%2] &4 e
A, Ha FEuE FEEZ 80.36, 99.64, 99.85,
99.74%2] &AL YA BHT= 5Y3t phenolics
BXoA 32.53, 60.56, 80.59, 88.64%= FEutz] 4 o
A AEUE7E BHTEH &2 4 &4 Uehslth
ueba vk @ dha kY 25 B U2 vk
o %= ABTS radical cation decolorization &/J°] %
of L3t AR E Ul AZ gRlskiith
Antioxidant protection factore= EXE3SFA|HFAIS] Al

2,

-

(B) O60%E MFE0%E MBHT
S 10 b B b B b B
S &
z

= a A

2 80 L

=]

a

] B

£ 60

[T}

S

Q

2 0

3 a

©

°

5 20

g

wy

5 o

< 50 100 150 200

Concentrations (pg/mL)

Fig. 2. Radical scavenging activities by concentration of TPC from 60% ethanol extracts of 7. radlicans and fermented 7. radican.
All values are meantSD (n=3). Data with different letters (a-d) (A-B) (a—6) on the bars are statistically different at p{0.05 by

Duncan’s multiple range test.
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1 Fof A== free radical?}t -carotene©| B35

APSHE| A R34S %71] T3 Al Ao FHE=
A E Z83 SHHOE A8 E49 bt 852 S5
JsttHAndarwulan &, 1999; Toyosaki, 2002). -84

gHAkSE §%59] A EQ antioxidant protection factor9)

7% Fig. 2(C)elAe} 2] 50, 100, 150, 200 pg/mL 5%

oA FErte] 252 1.15-1.22 PFE UEi Y da &

Zoke] &8 1.21-1.29 PFE YERfo] bioconversion

of o5 &a FEme|o A4 4o it P4tk ol

& =opzl Zo] ERIgIth. 3, U IEutE] 9] PF 2}
+ BHTED 5% Zlo= Zel=gith

3.4. EZoEl Y Bg AZE0i2 £E=2F9/ tyrosinase Aol
2 55
11| 7|AZo] EAcl= Hebd(melanin}Z Wehd Al x
(melanocyte) W9 daldAA (melanosome)olA T4
g dWazbd A4 8 a4 F shQl tyrosinase®] &
Ae Ao =N dWahd A4S AASHAA ¥ a9tE
T o Stk dWehd S detd S A4t 8%
149 tyrosinase®] BAE H o]F Io] A-gsto] HF
F=Ql Hahd ol 9o 2 EHBusca 5, 2000; Im
5, 1999; Jung &, 2008).

Agoke] 0 wa Ygolele] ol R3S S5 919)
|

tyrosinase A3} IS LotHQItt 1 A3M= Fig. 3004
O60%E HF60%E MKojic acid
o\'?' 100
Q
® 80 5
—
= v
[=}
&= 60
=2
£
£ 40 D
Y €
w
m
£ 20 | o b - :
7] a
N |
[ = 0
50 100 150 200

Concentrations (ug/mL)

Fig. 3. Tyrosinase inhibition rate of 60% ethanol extracts of 7.
radicans and fermented 7. radlicans. All values are meantSD
(n=3). Data with different letters (a-d) (A-D) (a—5) on the bars
are statistically different at p¢0.05 by Duncan’s multiple range
test.
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9—]’ 7]'01 50, 100, 150, 200 gg/mLe SEoA HZulte]

22 11.01, 16.07, 18.76, 20. 65%1 A3l 24e o

E}lﬂﬁiﬂ Ta En 2289 A4S 4.95, 14.96,

26.50, 35.51%2] A& EA4= ‘/}E}lﬁﬂ bioconversionoﬂ

olsf g 4o sl A Bt Eobd AoE wok

=glon, o|= WA }Eue] FE80| v 7leA I
(o]

ol o A 2491 Ao Gl

35 EZOE ¥ BE
elastase Xfoff gif =&

] 5o] A 1]F2] 90%7} collagenC.2 /g =|o] §lowH

EZ0f2) =EE£9 collagenaseff

ol 3F ok} vl DI BAE 7P Uk EF,
H2 412l collagen elastin?t 37 :I_%‘ﬂ 4}_; Al
mo] A5t TR w3lo] EA F shQl o]

Collagen% —‘?'—ﬁﬁﬁ = collagenase &4 116]1 aykel
elastase @4 A3 a1} =4S 53
F5 MAESE T 4= Ath(Fisher &, 1999; Geerts
%, 1990; Tsukahara &, 20006).

ok 9 da Y] 35 A R5E I
93l collagenase A3} A5 LotEtt. 1 A3HE= Fig.
4(A)0A19}F 2ol 50, 100, 150, 200 pg/mL FEIA 2
ZulE] 2EEL2 1247, 21.41, 38.03, 48.22%2] A3 &
AL UEg a8 FEute 5852 9.80, 24.67,
39.70, 50.61%2] A L= UEtigith. EGCGE ¢
BEolA 5.12, 8.38, 14.98, 16.40%2] Al S LeRY
o] XZuzjo] vls| ¥R IEnE| FEE°] collagenase
Ao 37t o <55k Ao IQIE 9t ESh W AL
e 2559 s=E ¢ 2ot EvY FEEET
collagenase A3l &/o] o ol Zo=E A=t o}
A a3 &80l 35 A Htt 71548 3
Ao A8o] 7HsTd AR wWHESI

EnH] 9 9a kY] $25 /A e gklskr] ¢
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