iRk (Korean J. Medicinal Crop Sci.) 28(5) : 371 — 378 (2020) ISSN(Print)  1225-9306 )

ISSN(Online) 2283-0136 i@ C

http://www.medicinalcrop.org oty e CEIED
http://dx.doi.org/10.7783/KIMCS.2020.28.5.371

p-glucosidase B #F WSO 2|5t &7| Isoflavonoid MEHSH X ME[EH4
LUE - HYR? M4 AT - HHLS - FEO - OT2”

The Isoflavonoid Constituents and Biological Active of Astragalus Radix by

Fermentation of f-glucosidase Strains

Chul Joong Kim', Jae Hoo Choi’, Eun Soo Seong’, Jung Dae Lim*, Seon Kang Choi’,

Received: 2019 August 1

1st Revised: 2019 August 18
2nd Revised: 2020 January 23
3rd Revised: 2020 September 9
Accepted: 2020 September 9

This is an open access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License (http://
creativecommons.org/licenses/
by-n¢/3.0/) which permits unrestricted
non-commercial use, distribution,
and reproduction in any medium,
provided the original work is properly
cited.

M
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ABSTRACT

Background: In this study, the radix of Astragalus membranaceus Bunge extract fermented by
Saccharomyces cerevisiae, Weissella cibaria, and Pediococcus pentosaceus to increase the levels
of isoflavonoid aglycone contents.

Methods and Results: In order to change the in isoflavonoids, we fermented the radix of 4.
membranaceus extracts with microorganisms that have S-glucosidase activity. Besed on the S-glu-
cosidase activity, we selected three strains, Weissella cibaria, Pediococcus pentosaceus, and Sac-
charomyces cerevisiae. HPLC analysis revealed that the levels of isoflavonoid aglycones were
increased in all fermentation cases, and the extracts fermented by S. cerevisiae showed the highest
levels of isoflavonoid aglycones. We evaluated the antioxidant activity, anti-wrinkle effects and
whitening effects of the S. cerevisiae-fermented extracts using the DPPH assay, tyrosinase inhibi-
tion activity assay, and collagenase inhibition activity assay. We confirmed higher activity in S. cer-
evisiae-fermented extracts than in control, with the half maximal inhibitory concentration (ICs)
value of 565.1 + 59.1 xg/md in DPPH radical scavenging activity, tyrosinase inhibition rate of 78.4
+ 0.9%, and collagenase inhibition rate of 83.8 = 1.1%.

Conclusions: We selected three stains of microorganisms showing high S-glucosidase activity, W.
cibaria, P. pentosaceus and S. cerevisiae. Isoflavonoid glycones in the radix of A. membranaceus
were converted to isoflavonoid aglycones by fermentation. In addition, the fermented radix of 4.
membranaceus exhibited antioxidant activity, anti-wrinkle effect, whitening effect and radical
scavenging activity.

Key Words: Astragalus membranaceus Bunge, Anti-wrinkle, Calycosin, Fermentation, Formonone-
tin, Pediococcus pentosaceus, Saccharomyces cerevisiae, Weissella cibaria, Whiten-
ing Effects

(% et al., 2010), &5 (Cho and Leung, 2007a), &< (Cho
and Leung, 2007b), 7t2.% (Park ef al, 2013), WIS7

2}7] (Astragali Radix; Astragalus membranaceus Bunge) (Lee et al, 2018b; Yang et al., 2016), 3ts}, vy, s}
E Fol Sale thadd 2EAE0] dhiate] #elg 3=, (Goh ef al., 2009; Kim ef al,, 2007) 59 &%5°] RHJ}
S, B} 7He FFobalo} ol AuE e (Im 3}719] FoXH-2 isoflavonoid, triterpenoid, polysaccharide
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ALelH, isoflavonoide 3 2]&2 Eo]&<] phenylpro-
panoid pathwayell €3+ Zle2 U#*] <9t} phenylalanine
ammonia-lyase (PAL) &4l 23l phenylalanine®] cinnamate
2 WH3E I, naringenin?} liguiritigenin®]2he= S7HIAE S
7 daidzein, formononetin, calycosin, puerarin® 2 H3lx|
o], AFH o2 viFA glucoside’t 2% FElE HFA @
t} (Pan et al., 2007; Wang, 2011; Wang, 2016).

H A, v]ulEA] isoflavonoid AJ21E/3-& 7S Kong &
(2018)0] AAFo] W=, isoflavonoides oEEEAL] &

AL 3, BlafRA] isoflavonoidol M EHsS A3t &
7heE A SRS, A FEiETh AolA weA

5 HE Ao® BAHT (Hirotani ef al., 1994; Izumi
et al., 2000; Lin et al, 2000; Shim et al, 2014). f-
glucosidaser= HJ3A isoflavonoidE 35t Fulg=l] e
]l BIEFA isoflavonoidZ WP 7= AOE L#A] o
(Lee et al., 2018a), Kuo 5 (2006)2 p-glucosidaseE T
= 4 (Bacillus subtilis)E AYFTS 1247 R39S
o, 7 &2 B-glucosidase 73S LEPH FA]9l isoflavone
= WA 7 7Aaskar, vuiEA] isoflavonoid’t Z7FE STk
LIRS 51

f-glucosidase 23
T, NFEES WhLEsty,

Table 1. Selected strains from the traditional foods.

o

- SUETH - 22 - RERT - O

isoflavonoid %= BIEA| calycosin 7-O-glucoside, formononetin
7-O-glucoside®} H|BIEA| calycosin, formononetin &3}
H A Ag|@dRrt @iksh, v, #7045 AAls
ATH

al

31 "diH
=

Mz & uiy

1. M=

Ao ARggt 87)= FulolA] AujE 43 (1bangherb,
Geumsan, Koreays TYsI, A¥E v =) -9 2
BAF B AEANF f 4FE £2-58E As s
33 SHEEHNY sHRAAAAAE AN Egcken,
Saccharomyces cerevisiae (HLIG0703, KACC 83014BP)
= "ol A, Pediococcus pentosaceus (HLIG0702, KACC
81017BPy= AA|oM Eeld a5 #5431 A3t
XTF calycosin 7-O-glucoside, formononetin
7-O-glucoside, calycosin, formononetin-> Sigma-aldrich (St.
Louis, MO, USA)IA 7+ ste] AR5 T} (Table 1).

Isoflavonoid

2. p-glucosidase &+
2.1. 248y ZdEdt

Esculin® S-glucosidase?l] 23l Ea|=|o] esculetine A/ 3}

No. Strains Strain number Origin
1 Lactobacillus mudanjiangensis KCTC21026 Pickle
2 Leuconostoc mesenteroides KCTC13374 Kimchi
3 Saccharomyces cerevisiae KACC 83014BP Bread
4 Leuconostoc fallax KCTC3537 Sauerkraut
5 Carnobacterium jeotgali KCTC13251 Salted-fermented shrimp
6 Bacillus subtilis KCTC3239 Natto
7 Lactobacillus backii KCTC21029 Beer
8 Lactobacillus heilongjiangensis KCTC21032 Pickle
9 Bacillus coagulans KCCM11715 Milk
10 Bacillus licheniformis KCCM11775 Milk
11 Lactobacillus brevis KCCM11904 Cheese
12 Weissella kimchii KCCM41287 Kimchi
13 Weissella koreensis KCCM41517 Kimchi
14 Leuconostoc citreum KCCM12030 Kimchi
15 Lactobacillus kimchicus KACC16573 Kimchi
16 Lactobacillus bulgaricus KACC12420 Yoghurt
17 Weissella confusa KACC15707 Fermented soybean lump
18 Bacillus circulans KACC15822 Soybean paste
19 Weissella cibaria KCTC3746 Kimchi
20 Pediococcus pentosaceus KACC81017BP Kimchi
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™, WX AE2] ferric ammonium citrate®} A 33Fe] black
complexE FA 3t} (Edberg er al, 1985). AAAH
Lindell? Quinn (1975)2] esculin agar methodS ¥ 3}o]
T8t

48 AJ7+&<F MRS broth = YM brotholl A pre-incubation
A1Zl &5 O.D. (optical density) #tS UV-Vis spectro-
photometer (Molecular Devices, San Jose, CA, USA) 600
mmol|A] 152 BAge ¥ 200 & FH3t] esculin agardl] =
ISt ol %, 48 A7 B9t AAElE 5 colony F919]
black zone 75 S35l pf-glucosidase BAHS dFHE
o Hlastelet.
2.2, GAE ML
AFAELS Ra 5 (2004) S-glucosidase activity assay =
S WSt FYsAch 48 AIZFEQ MRS broth e
YM brotholl 4] pre-incubationA]| 71 #52] O.D.3FS UV-vis
spectrophotometer (Molecular Devices, San Jose, CA, USA)
600 nm oA 1.52 HAS &, 4EE] (12,000 x g, 5 min, 4
Cyste] AHES 50 mM sodium phosphate 258 (pH
70022 2 3] MAsle] ATt ©]F, sonication (5 min)
slo] MES FRIAZ|AL, AIE s HS AT (12,000 * g,
5 min, 4C)3l] 35 (EAW)S Esih

=L a493 50 mM sodium phosphate (pH 7.0)
ol 1 mM pNPG &2 ZFz} 100 U S &3]3t vke- (37
T, 20 min) A1 %, 0.4 M Na,CO; & 2 ml & F7}sle]
S-S AAAZ] &, UV-Vis spectrophotometer (Molecular
Devices, San Jose, CA, USA) 404 nmolx] =A3}5 0,
FEFORE AEE A Ao didsted AL
(Fig. 1).

3. DFES2 i g
g s =3sh] $8] 715 50% EtOHZE g200x 2

0.8
07 v = 0.0036x + 0.0067 "
. R?=0.9952
-~ 0.6
Z 05
h
g 0.4 +
£ 03
T 0.
2 0.2
0.1 /
0.0 ; . ; : ‘
0.0 50.0 100.0 150.0 200.0 250.0
Concentration(Unit/L)

Fig. 1. Standard calibration curve of g-glucosidase.

A F AGFZEE A, FEES 554 1z 3, YATE
Hrtste] waqto] A3 4 e skl 1 brix, 3 brix®
et A2 o], 48 AIZF 52 MRS broth F&
YM brothol| 4] pre-incubation A1l #52] O.D.Z=S 600
oA 152 BAS 45 5% (viw) FESH 19 -3 ¢
7y 2747 7138 (25C, facultative anaerobe)S A 3HA
ok B85S Al7I7] Sl FE2delA 80T, 1 AR E1t
Aglste] W35 TEAZOH, FAAxs A EE ARESH
ATh

-

4. Isoflavonoid Et2ka2d

AFE 2 g& AW do} 50 m¢ F3] Zepao] FHela,
A 88IA7IH 50% EtOHS 3EA17FA] A& &, syringe
filter (0.45 pm) B 3|AE oW, FFFS 3.124 pg/ml,
6.250 pg/ml, 12,500 pgml FLZ 3]Asle] ALl
Isoflavonoid 42412 high performance liquid chroma-
tography (HPLC) Ulti-Mate 3000 (Thermo Scientific Inc.,
Waltham, MA, USA) 71712 33}, columne Luna
C18 (Phenomenex Inc., Torrance, CA, USA), °l&d2
0.1% acetic acid’} 7} acetonitrile?} waterE AF&-3}F
ATH

ANE FYF 10 4, F% 08 mi/min, 2% 30T, UV
detector2 260 nm oA table 29} 72 olgAt HASE =4
Ssick. AlRe] Ak Z4e WAWAL QA WA o)
U F olefe] ARl ols) AE DAL xFol B
E2 yFol 9ARAL A galel HaeHow Avslic
(Table 2).

.z

AL (mg/g) = C x (a x b)/S x 1/1,000

C: NP8 = 70 isoflavonoid T (1g/ml)
a: AlggHe] A (mh) S: AE ANHF ()
b: 3|A7ul= 1/1,000: ] 2k Al

Table 2. The mobile phase conditions of isoflavonoid HPLC

analysis.
Time (min)  Solvent A(%)"  Solvent B(%)”
0 90 10
5 75 25
Cradient 20 60 40
conditions 30 10 90
35 10 90
36 90 10
45 90 10

"Solvent A : Water containing 0.1% acetic acid. “Solvent B :
Acetonitrile containing 0.1% acetic acid.
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5.1. DPPH radical scavenging assay

DPPH radical scavenging< Blois (1958)°] <]s] AA|=
HhH-S WSt 245 Y. AlE 100 o] 0.2 mM DPPH
100 S EFst] A2, dxrdolx 30 B2k wksA2l &
517 nm oA SFFEE SG3I9h A5 4L ICy (half
maximal inhibitory concentration)® 2 UWeER|A T, P2
ascorbic acidg& AM-3IATE.

R

5.2. ABTS radical cation decolorization assay

ABTS radical cation decolorization> Re 5 (1999)°] <]
3l AAlE ABTS' 2HH]Z ol S79W-g WHaste] 33kl
. 7 mM 22-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)®} 2.45 mM potassium persulfateE 1:1 H]&2 &3}
of A&, dER7olA 24 AZFERE WSt 2irZs FAA
7]3L, UV-Vis spectrophotometer (Molecular Devices, San
Jose, CA, USA)E o]&3l 732 molA S3%= ol 0.70
(£ 0.02)°] =A phosphate-buffered saline (PBS, pH 7.4)Z
BA3E §, 348 990 ol AR 10 b E 7Fete] 10 &

ZFi-3A7l & FHEE S H AR E42 ICo=
YR T, WA 22 ascorbic acidES ARSI
6. 0|9 FSIHH S}

6.1. Tyrosinase inhibition rate

Tyrosinase inhibition T3-S Yagi 5 (1986)2] el uw}
2} 4339tk 175 mM sodium phosphate buffer (pH 6.8)

0.5 méol 10 mM L-DOPA 02 m¢ E A|HEZ 0.1 md &3+
No|| tyrosinase (20 unit/ml) 0.2 ml & F7}sted WkE- (37C,
30 min) A7l &, SE% 475 nm)E ZH3IATE Tyrosinase
A A g H7Re TR 8% e E UE
Biei=

=

o

A& (%)

=[1-A1& HA7Rre 33w NE F317HS F3%] % 100

6.2. Collagenase inhibition rate

Collagenase inhibition ¥ Wiinsch®} Heidrich (1963)
o] "ol w2} $33liT}. Tris-HCI buffer (100 mM, pH
7.5 4 mMe] CaClLE =9 buffers A|Z3sto] A3},
bufferol]l collagenase®} 717 A (4-phenylazobenzyloxycarbonyl-
Pro-Leu-Gly-Pro-D-Arg)S 212} 0.2 mg/md, 0.3 mgml FE=Z

Azste] RESSIATE A EEEE 250-2,500 pg/ml FE2 2

Z_,

xﬂ?‘s} S AFEZA 50 i, collagenase 75 1, 71ABS 125
0& F3le] vk (20T, 20 min)A]Z] 3, ethyl acetate®

kel gEo Aael 5 (40 mE SAAL

- SlE - FMY
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Collagenase A|3l&-> A5 H7hrel F-371e] F4= 7+
252 R

A& (%)

=[1-A8 M/ $EEAE FA7REe] §35] % 100
7. SAXRI

RE AFL 3 3] vigog S ¢ Wy ZFUA
2 Yeplidla, FAI*El= Prism 8 software (Graphpad

software Inc., San diego, CA, USA)E ©|&3}o] oA
A (Two-way ANOVA)S.Z p < 0.05 =4 Dunnett’s
Multiple Comparison Testoll 2]3td A|F@EH 7F felde 4

< 0}'%}\]:]"

al
=

2y U oz
1. p-glucosidase &+l

Esculin agars 58t B/3%A A3, P pentosaceus 91.7 +
2.9%, W. cibaria 90.7+12%, S. cerevisiae 83.3+5.8%, B

Table 3. p-glucosidase activity in microorganisms from the
traditional foods strains by S-glucosidase activity assay
and esculin agar method.

p-glucosidase  f-glucosidase

No. Stains activity rate contents
(%) (unit/ £)
1 Lactobacillus mudanjiangensis 39.3+4.0 4.8+0.6
2 leuconostoc mesenteroides 79.0x3.6 2.8+4.7
3 Saccharomyces cerevisiae 83.3£5.8 30.5x£0.5
4 leuconostoc fallax 55.0+5.0 15.5%2.0
5 Carnobacterium jeotgali N.D." 6.7+18.8
6 Bacillus subtilis 17.7+2.5 1.2+1.3
7 lactobacillus backii 20.3+5.5 8.5+0.5
8 Lactobacillus heilongjiangensis 18.3£2.9 24x0.7
9 Bacillus coagulans N.D. N.D.
10 Bacillus licheniformis 79.3%£6.7 17.4+1.7
11 Lactobacillus brevis 21.7+2.9 12.3%1.5
12 Weissella kimchii 58.7+2.3 3.2+1.3
13 Weissella koreensis 38.3+£2.9 3.2+1.2
14 Leuconostoc citreum N.D. 3.5+24
15 Lactobacillus kimchicus 18.3%+2.9 14.8+3.7
16 Lactobacillus bulgaricus 79.3£3.8  17.4x23
17 Weissella confusa 58.3+2.9 12.0=1.9
18 Bacillus circulans 20.7£3.5 2.7+0.7
19 Weissella cibaria 90.7+1.2 39.3+8.7
20 Pediococcus pentosaceus 91.7£2.9 27.5%0.2

DN.D.; Not Detected.
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licheniformis 79.3 £6.7%, L. mesenteroides 79.0+3.6% <=
O 2 black zone FdE&S HERAIL, f-glucosidase activitys
53 AFEXNL W cibaria 393+8.7 unit/ £, S. cerevisiae
30.5+£0.5unit/ &, P pentosaceus 27.5+02unit/ £, B. liche-
niformis 174+ 1.7 unit/ £, L. bulgaricus 17.4+2.3 unit/ £
o7 S YL 20 £ vAE T G
AFA ol S Yelll= W cibaria, P. pentosaceus, S.
cerevisiaes WEANF HFT= AT} (Table 3).

2. Isoflavonoid &H2FeA

Isoflvonoid A HFEAL F7|FE=5L WxL 174
cibaria, P pentosaceus, S. cerevisiae™ T3 WEFEE
(1brix-3brix, 1 & -3 &)S ML o2 o] A
g 3o W 3719 calycosin 7-O-glucoside, formononetin
7-O-glucoside, calycosin, formononetin 3~ Table 4] 1}
ERSS). diz div] 2E Aol viFA] calycosin 7-
O-glucoside, formononetin 7-O-glucoside”} 7+Ax31aL, Hlulg
Al calycosin, formononetin®] Z718It}. o|F W |FEES
1 birx® A5}, S, cerevisiae® 3 L7+ a7l 22l
2] calycosin 1.102+0.008 mg/g, formononetin 1.482+0.001

mg/g O & Huj ghFo] HEE AT

Ibe & (2001 ZE HFqA £ejet 50 4Fe] wAE
Z p-glucosidase /4] =2 Bacillus subtilis (natto)
-4 &, FFEES Y8EslEs W, FEE
isoflavonoid ¥ @A daidzein®} genistin E&o] 7FAasHA] 1]
B A daidzein} genistein®] FX1¥= TEYEFS HAE3HA
3, Kuo 5 2006y H2F FE Bacillus subtilis= 24
A7 HasS wl, daidzeind} genistin®] ©E3l] 25 H]
B GA daidzein?} genistein® 2 HIE|ATFT B T3]

Im 5 (20102 $71E oehSE FE3 &, Bste &
&4 viscozyme L, WERZOX B &4 celluclast, HE
a4 pectinex® WHAIZ! 3 calycosin?} formononetin
o] S HWIINS W, viscozyme LS 3RS wli,
calycosin®} formononetin o] 4-5 v F7}5FA L,
viscozyme Lol &-f-¥ arabanase, cellulase, S-glucanase”}
deglycosylation®]l #odsl= A& FR1EHAT

Hsu 5 (2018) 7ol wE=H isoflavone 3-phenylchrome
245 2L e SEERE XSl R AR ot
calycosin 7-O-glucoside, ononin, daidzein, genistin 522

TEEY, vAsel os HAHE A= uet

3.

—

Table 4. The contents of isoflavonoids of A. membranaceus Bunge extracts fermented by the traditional foods strains.

Contents (mg/g )

Strains name Conditions Calycosir? Calycosin Formonone_tin Formononetin
7-O-glucoside 7-O-glucoside
DY 0.635+0.000""" 0.510%0.008M 1.156+0.000""" 1.403+0.004"""
1 Brix 2D? 0.636+0.000""" 0.445+0.019M 1.155+0.001""" 1.405+0.003""
Weissella 3D% 0.684+0.018"" 0.287+0.090™ 1.185+0.008"" 1.387+0.014""
cibaria 1D 0.638+0.001""" 0.586+0.087" 1.158+0.001""" 1.417+0.009""
3 Brix 2D 0.646+0.010""" 0.356+0.172™ 1.157%0.002""" 1.398=0.027"""
3D 0.682+0.012""" 0.341+0.075™ 1.185%0.007"" 1.396=0.013"""
1D 0.630+0.000""" 0.492+0.005™ 1.154+0.000"" 1.403+0.001"""
1 Brix 2D 0.631+0.001""" 0.424+0.078" 1.154+0.001""" 1.398+0.009"""
Pediococcus 3D 0.654+0.014""" 0.712+0.338" 1.158=0.002""" 1.438=0.045""
pentosaceus 1D 0.633+0.000""" 0.610+0.010™ 1.155+0.001"" 1.421+0.001"""
3 Brix 2D 0.640+0.006""" 0.396+0.160™ 1.155+0.001"" 1.400+0.023""
3D 0.637+0.006""" 0.691+0.391™ 1.155+0.001""" 1.447+0.051""
1D 0.628+0.002""" 0.379+0.193™ 1.154=0.001"" 1.388=0.023"""
1 Brix 2D 0.628+0.000""" 0.528+0.009™ 1.154%0.000"" 1.406=0.002"""
Saccharomyces 3D 0.642+0.002""" 1.102+0.008"" 1.155+0.000"" 1.482+0.001"""
cerevisiae 1D 0.630+0.000""" 0.632+0.010™ 1.155+0.001""" 1.423+0.001"""
3 Brix 2D 0.635+0.004""" 0.418+0.175™ 1.153%0.000"" 1.400=0.024"""
3D 0.629+0.002"""" 1.069+0.478"" N.D.% 1.465+0.056"""
Control 0.751=0.024 0.246+0.059 1.284+0.063 1.217+0.007

After 1-3 days fermentation using each strains in A. membranaceus bunge. *N.D.; Not Detected. "Means are significantly different by
Dunnett’s Multiple Comparison Test (NS; Non Significant, ~; p < 0.0001).
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deglycosylation, glycosylation, phosphrylation, succinylation
S AA o] MdtEe 2AS IRk
B Aol M= deglycosylation 4 5 glucoside Fal a4
Zk= p-glucosidase S HF2 HEsFS o, 7]
isoflavonoid ¥I'G A calycosin 7-O-glucoside®} formononetin
7-O-glucoside”} 7438}, calycosin?} formononetin®] <715}
o], u]AE2] p-glucosidase TAEAdo] wFA| isoflavonoid
Hallshet] G2 mX= 2E SRISHIAIRE, wiEA| 2} Blul
FA L] MIES PSS W], calycosin 7-O-glucoside}
formononetin 7-O-glucoside ©]¢]2] WAEZ ] calycosin,

=

=

formononetin =7FF2] A5 %<l J&S 3= HAoE AR Y]
B, F7142 A7t dod Aog glHsirt

[l = g1

A= FNFEES UREOE S cerevisige® T
g HaFEE (1 brlx 3brix, 1 & -3 I)S Lo =
ol AAEIH A, HEFA wE e itkst S4S
DPPH 2 ABTSZ 48&?‘& A= Table 591 YERA AT
DPPH ICsy value2 thz: 1587.1+£309 wg/md, = ] -4
1327.1£45.1 pgml, A1 121594364 pgml, A5
1056.1 714 pg/ml, =812 945.1+35.6 pg/ml, =26
671.5+51.6 pg/ml, 23 565.1 +£59.1 pg/ml =0 2 Z7}3}
A3, ABTS ICsy valueS WZE 17282+324 pgml, 2]
T4 1597.1+42.6 pugmd, 21 1454.6 +129.0 pg/md, =2
5 1114.6 £42.7 pg/ml, 2|2 942.1+59.4 pg/ml, *2]<-
6 791.1+283 ug/ml, 23 6782+ 17.8 ug/ml =02 &4
o] F7FekAt.

3.

Wang 5 (2014y 3715Z 5|4 formononetin, calycosin
Table 5. Anti-oxidative effect of fermented A. membranaceus
bunge.
Sample name DPPH ABTS
ICso value (ug/ml)

Control" 1,587.1%£30.9 1,728.2+32.4
Treatment 1% 1,215.9+36.4™" 1,454.6+129.0”
Treatment 2 945.1+35.6"" 942.1+59.4™"
Treatment 3% 565.1£59.17" 678.2x17.87"

1,597.1+x42.6"
1,114.6+x42.7""
791.1+28.3""
35.8+1.0

1,327.1x45.1°"

1,056.1+71.4"

671.5+51.6"
7.0+0.3

Treatment 4°)
Treatment 5%
Treatment 6”)
Ascorbic acid

"Control; not fermented A. membranaceus bunge YTreatment 1
-3 after 1 days - 3 days fermentatlon using S. cerevisiae in A.
membranaceus bunge 1 brix. "' Treatment 4 - 6; after 1 days - 3 days
fermentation using S. cerevisiae in A. membranaceus bunge 3 brix.
“Means are significantly different by Dunnett’s Multiple Comparison
Test (*; p < 0.01, ™ p < 0.001, “™; p < 0.0001)
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S Sephadex LH-20 chromatography= +2|3t &, ABTSE
o151, 7.468 myml, 0.159 mg/ml 2] ICseS Bz &
A%S AF3EA, Park 5 2019y 37]9] B&=xA (200
C,30 % 7+13 -3 Q)OH w2 DPPH, ABTS 4L 1)

WalHS w), EF thy] 2 3] E-LS-9A formononetine
286.65+2.51 1g/gllA 726.80+3.45 pg/g, calycosine 253.13
+1.23 pg/gollX 778.58 £2.72 pglgS 2 o] FU1sel ek
DPPH:= 3125.1 +82.7 pg/ml oA 564.6+20.9 pg/ml, ABTS
E 14502+ 1143 pg/ml oA 1082 +3.1 pgml 02 F7}sich
3 BsHTh

4. O|Y, =S St

Tyrosinase inhibition rateS St A3}, A4 429+
8.6%, ZET 50.1+1.1%, A5 542+£2.9%, A1
56.0 +3.4%, 22 56.9+ 1.8%, X276 74.9+0.3%, X2
w3 784+ 09%To® o] SUFSIAL, AHelwt3olx FHTh
A& JERATH (Table 6).

Kim % (2009) 7] calycosin® mushroom tyroinase
AEAE A A3 38409 uM (100 wg)e] Asiazt
AR, Wagle 5 (20192 2ol 32 isoflavonoid
9] L-DOPA inhibition2 Z=743}31S uw, formononetin 0.31
+0.62%, calycosin 70.17 + 1.08%, kojic acid 76.78 +3.34%
9] L-DOPA 9A|&S 21314, calycosin®] formononetin T
H] mjElgde] 835 Uehlle Zle® Hisigith

Collagenase inhibition rates 4 g A3}, Ag+5 77.8
£0.9%, 2Tt 78.1+£0.8%, 22 79.9+0.8%, ]t
80.1£0.5%, &4 80.8 +0.2%, A6 82.0+ 1.0%, *]2]
T3 83.8+ LI%To R DAo] S7sIAL, Aejwt3elr Hd

OJ
=
E’—_

Table 6. Collagenase inhibitory rate and tyrosinase inhibition of A.
membranaceus B. root extract fermeted by S. cerevisiae.

Tyrosinase inhibition  Collagenase inhibition

Sample name rate (%) rate (%)
2000 /2g/ml concentration
Control” 50.1+1.1 78.1+0.8
Treatment 12 56.0+3.4" 80.1x0.5M
Treatment 2 56.9+1.8" 79.9+0.8™
Treatment 3% 78.4+0.9™" 83.8+1.17
Treatment 4°) 42.9+8.6° 80.8+0.2M
Treatment 5% 54.2+29" 77.8+0.9™
Treatment 67 74.9+0.3" 82.0£1.0”

"Control; not fermented A. membranaceus bunge. **Treatment 1 -
3; after 1 - 3 days fermentation using S. cerevisiae in A. membrana-
ceus bunge 1 brix. *”Treatment 4 - 6; after 1 - 3 days fermentation
using S. cerevisiae in A. membranaceus bunge 3 brix. Means are
significantly different by Dunnett’s Multiple Comparlson Test (NS;
Non Significant, "; p < 0.05, *; p < 0.01, ™; p < 0.001)
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Hsu 5 (2009) Bacillus subtilis=. 3715
calycosinZ} formononetin &3] =78kl wkg}, ¢17kzl
FobMIZEL] procollagen (type I, 1) &4 Fo] 7|8
Akl

E AlgolMe thEF tiH] calycosina} formononetin $HF
o] F7F8 234 tyrosinase inhibition, collagenase
inhibition Ed0] Z71EE AL Felslglon], W] olg =
7Fel vl gA] isoflavonoide} Pl¥]} FENA EAd9] AR
o] & ZoF AR}
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