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ABSTRACT

Background: This study aimed to investigate the quality characteristics of Astragalus membrana-
ceus Bunge leaf (AMBL) fermented with lactic acid bacteria and the applicability of its biologi-
cally active compounds.

Methods and Results: An assessment of physicochemical properties such as pH, total acidity, free
sugars, and isoflavonoid (calycosin-7-0-p-d-glucoside, ononin, calycosin, and formononetin) was
conducted. Furthermore, the levels of antioxidant compounds, including polyphenols and flavo-
noids, and radical scavenging activities of the extracts using 2,2-Diphenyl-1-picryl-hydrazyl-
hydrate and 2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) were investigated. The calyco-
sin content in the water extract of AMBL fermented with Leuconostoc mesenteroides increased by
approximately twice as much as the control.

Conclusions: These results indicate that L. mesenteroides can be used to improve biological activ-
ity through fermentation, and that AMBL can be used as a functional materials and edible resource
in industrial areas.

Key Words: Astragalus membranaceus Bunge, Leaf, Antioxidant Activities, Fermentation, Lactic
Acid Bacteria
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87| (Astragalus membranaceus Bungey= &3 (Legumino-
saell| &ol= thaA 2EOZ 2 Astragalus membranaceus
o] BElE d@=th 7)o el udR, Ak, SEhEe
oj, oln|:=At mjEgdA Fo] oFAE-S dhe et 4
ol =Y o] AT vIEste] A 24 S
all AgelA 8= gt} (Kitagawa et al, 1983; He
and Findlay, 1991; Toda and Shirataki, 1999; Jeon et al.,
2010). 53] 37] #ldl= o]dYdF (heteropolysaccharide)
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9} astrogaloside I - IV 5°] FHsHAl SR8 o5 WY
4 715l 71918t el oFEviE okl B IS
Q. lt} (Zhong et al, 2012).

3714 289 Astragalus vulneraria® Q723 R gH-olA
MZL- flavonol glycoside?! isorhamnetin 3-o-B-Dapiofuranosyl-
(1—2)-[a-L-rhamnopyranosyl-(1— 6)]-B-D-galactopyranoside <}
isorhamnetin 3-o0-o-L-rhamnopyranosyl-(1—6)-p-D-galactopyra-
noside= 223121t} (Bedir ef al, 2000). E B8] (4
membranaceus var. mongholicus)®] AJFZHE 2 79
A28 cycloartane-type] A2l mongholicoside AS} BE
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-9} A|5HIA  astrogaloside 1 - IV 52
S gk A} 2Pl UE- astrogaloside®]
AeHte} A AL s Bt o & o R UE
Tl HIEAY (Kim er al, 2012). HZ Aol 25
71e] AF= At Bk ¥ e 5] dsd SE
xgeta o A sE FolAE phenolic acid

(chlorogenic, caffeic, ferulic, p-coumaric)}®.t} flavonoids
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(formononetin %
kaempferol, luteolin)’} O &2
2FEI Tk (Jun er al, 2012). Isoflavonoid
FAFSZE (phytoestrogen)2] UF 02 oAEZA
AV S 7HAH, AR %"}0}"4 A2 A4
ARA A JaL, 53] ol&2 Fistasy, nd 9 =50
A T w3 23E 7KL o, AAEAN FEH
of Thst W o e 8FolX L AUtk (Kim ef al, 2007).
HIols 7] #o| o5 ¢ FEHA 259
et sPdE 2AEA 7FsAdol Atk ERIEATH (Jung,
2018) H HA= 5 oSS AN E A e A
< &8s AR oA dE i 71ES R o]
3 OH AE A% = = 718 ARSI ATt (Bae er
al, 2004). °]= A AE A8 28-S 5t
221 A2 Bole A77F A= 9o,
e A o g ¥glsh= TEo]
2 o AERE A Iy oo R AR S 9l
= Aol 9] wﬂfom (Cho et al,, 2006).
frakt, 85, 30] 59 eSS o83 ¥R &Y
T2 oA, 2830, obigt EfelE o WE A
}\]—i 7]—O] }\]];‘1]] XL_Q__QE /\(])J{qi]—/\-] ;5‘._‘:.0] )\1-—’—“45]
= A7} Wo| AAHT YT (Ahn ef al, 2013). SRR
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2 Ag ARE #re FEEHAs darteAE
(Wanju, Korea)ollAl &2t Lactobacillus brevis E3-8
(KACC 92213P), Leuconostoc mesenteroides N12-4, L.
plantarum N56-128 AFESIH 0™, 87 (Astragalus mem-
branaceus Bunge) -2 & SAtollA] 2017d A= 1
9 7 0 R ASAK A A AF s w28
YA EZl7er k8223 (Eumseong, Korea)ollx 3l 3
ARE-SFAT

2. 73 UKl 2 BT AH
o2 HEE WX E= Lactobacilli MRS Agar Hj A

(Difco, Detroit, MI, USA)E AR&-3le], 37ColA 48 A7+ 3
# vt dA-4° @Y colonyE Lactobacilli MRS
Broth ] (Difco, Detroit, MI, USA)X]oll 37CellA 48
AIZE 3 3] Al v -, HEUCE ARSI

el
T

AL 1 A Az
oA HEstr] Sl
MS-70, AND Co., Tokyo, Japan)E ©]

50%= ZFA3ATE. L brevis, L.
mesenteroides, L. plantarums AlY] WSt ¥ 271455 |
x 10%ml HE3ke] 37C2] incubater (VS-1203PFHLN, Vision
Scientific Co., Ltd., Daejeon, Korea)ollX] 48 A7+ <t wjF
sh g AF T

oS wFs 3] 91e 80T A5 7] (deep freezer,
Ilsin BioBase Co., Ltd., Dongducheon, Korea)llx 24 A]7F
FAANZ & FHAAZXI] (freeze dryer, llsin BioBase Co.,
Ltd., Dongducheon, Korea)ollx] 72 A7k 5ot 54 AZRAX]
A& Ffste] A EE ARE-EIIT
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4. FEZ2 A
52 Az ¥R B7) IS A1g3e] B FHRS Az}



St - OfcHl - OfE -

= Z it
Atk & FE2E Alxe vt Ak 2 #aE Seoll 890 Inc, VT, USA)ZE 732 mollX F3=E 433t

S5 100 ml & &3+ T ultrasonication (Power Sonic 420,

Hwashin Co., Seoul, Korea) 2 1 A7} 2 2 3] W& & 8. & Y= =2 54

gk ¥ Whatman No. 2 9ZA| & o]&38to] A &, o3} Z Hsd EE g S8 Hsd EZ2< phos-
A5 200 ml 2 “d-83}¢ rotary vacuum evaporator (BUCHI,  phomolybdic acid®} WFg-3le] HAS Uehll= Y& o] &3t

Flawil, Switzerland)2S ©]&3}o] 50C o]3lollA 7533t
T, ol e FEEZ 835l B HFe BAE AER

At

=z~

gated 8 mbe] SR
3,000 rpmellA] 15 #-7F AA4lEe] st

19| pHE AE 2 g& 3

Fa5e 7

Aol TIs AEE 3,000 rpmol]

A 15 B QARYE & AR 0.1 mlol 09 mle] R

g 7Kk 1.0 MZ 83 T, 0.1 N NaOHZ pH 8.3

g & w7k AR AR AH]E NaOH &M
]

6. DPPH radical 2 &4 &3
2,2-Diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical |
gk Blois & (1958)°] o3k WS W st St
7} FedE 24 3 AR 02 mlo] 02mMe] DPPH £
0.8 mb & 7tate] Sk F Aol 30 #7F WHAIR &
microplate reader (Biotek Syergy Mx, Biotek Instruments
Inc., VT, USA)E o] &3] 517 mmolld §3=E 4319
AL, 2 AN EE 3 3] W SAske] Hdgks T-eklth. DPPH
radical 252 A5 9] H7lel FH7E Alolo] &3

wo] zjol2 olzje} o] WMEg LERIIT.

=

AT (%)

= [I -(NER7MS) T3] F985)] < 100

7. ABTS 2iC|Z &M & =3
2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
2A8Y 4L 74mM ABTSS} 2.6 mM potassium per-
sulfates E¢aote] A2 oA 24 Al F9F WA SR
radicale FgA171 T A Ao ABTS 89S 732 nmoj|
A EF=7F 0.70+£0.03°] = =% phosphate buffer saline
(PBS, pH 7.4)% 3]43to] ALg-sI3ith SAE &4 950 4
o FZE 50 ME Tlele] oiolA 10 B7F ¥ReAR &
microplate reader (Biotek Syergy Mx, Biotek Instruments
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Folin-Denis 'H-< &-83to] SAATH (Kim et al., 1993).
7] 9 FZE AEE 02 Ml E AT FHla FRHSF

1.8 mE 718k 2 mb 2 9= & 0.2 ml 9] Folin-Ciocalteu's
phenol reagent (Sigma-Aldirch Co., St. Louis, MO, USA)
g #7tste] 3 w7 Ao wA AT 70ToA =2l
Na,CO; 3189 04 mb & 7}ete] S8l S/HT 1.4 ml
S Uik 3 A2ox 1 A7 A3} % microplate reader

(Biotek Syergy Mx, Biotek Instruments Inc., VT, USA)=

=

725 oA EFLE =AY EFEHEZE gallic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)Z ARg&le] ¥

FHE T8 Pt

9. & ZeI¥L0|c kI A
7] A FE2E AE 0.1 mE Fslo] FHo| ¥, S/
2 04 ml 2} 5% NaNO, 0.03 ml = FH7iate] # &3s &
5 87 Aeo] MBI 10% AICL 0.03 ml S H7kske]
Tl Aol 5 27 WA 5, 1 M NaOH 894%
02 m¢ H7istach 1 B3 2ol vAIl & S/SE
1

324 M E F71eE & 2 &35l microplate reader (Biotek
Syergy Mx, Biotek Instruments Inc., VT, USA)Z 510 nm o]

A FHEE 43599 EFEHZE quercetin (Sigma-
Aldrich Co., St. Louis, MO, USA)S Al&3te] F&4S

ol AFsisich

10. s7elg &M

F2d #42> HPLC (Waters 2414, Waters Co., Miliford,
MA, USA)E ol&ale] ®AsIginh wa 7] o FE2&55
g A sle] 045um PVDF membrane filter (Waters Co.,
Miliford, MA, USAYE A% AL Aoz 33,
column YMC-PACK Polyamine I (5 pm, 4.6 mm x 250
mm, YMC Co., Ltd., Kyoto, Japan)S AF&-3}%1.2™, mobile
phase=acetonitrile : water T (75:25, v/v), flow rate=
1.0 m¢/min, detector= ELSD signal (Waters 2414, Waters

Co., Miliford, MA, USA)E A}&-3le] E24313

11. FE22| 82 24
g 7] Y9 FEE AR AE-2 HPLC (Waters

2998, Waters Co., Miliford, MA, USAYE ©]-83}] ¥}
Atk L' g7 4 FEFES 348t 02m PVDF
membrane filter (Waters Co., Miliford, MA, USA)S <=}
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Columne ACQUITY HPLC BEH CI18 (1.7 #m, 2.1mm x
50 mm, Waters Co., Miliford, MA, USA), mobile phase =
A& solvent A= 0.5%2] acetic acidE

sl ARESI O™ solvent BE| 7

Ko =Rk

1

E8Hl waters &3
4% acetonitrileE AME-3F5
3, flow rate & column z¥z} 0.5 mé/min, 30C, 7
Z 3L 280mm 2 detector= Photodiode array detector
ELSD signal (Waters 204, Waters Co., Miliford, MA,

USA)E AR&-8to] ZHE3I3H
HPLCOIA YERd peak area®] 3 3] WH:E
T2 G peak areartol®] AFAAAE

=2

s
2k

N

BEhE
= NS

¢

SIEIL o
AL T

k-2 A

e Zste] ARSI (Jang er al, 2016).
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12. SAIXE

2 AP A= 3 3] vk AR AAE F Bt
AxFE eI ZF AdA el gk FARA2 SPSS
25.0 program (Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA)S ©]&3le] ANOVAES AA
3k % Duncan’s Multiple Range Test (DMRTHS AR5}
o 7} Aef7ke freld ApelE HASEH (p < 0.05).
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1. 2g 2| Aol Olekeld 5 Higt

s 37] (Astragalus membranaceus Bunge) 99 pHE
thZ77F pH 6.28918] WISl L. plantarum 287-2] pH7F
6.152 7P W& ke JERITH LdebE o g KAkt wldel
Zo] AL-EE MRSHIAIS] pH7F 62-6.6 Atolel AL 18
gt o1& A pHE R ikt g Algel ARgEsic
(Table 1). ¥ A7 &5 AF g3t 7] I Ul A4
o] HslE Rlske Ao, 475 HED MNEe T 45
o] Aol 7Fsd x7lolofof sk Aol 71& HAo|th (Bae
et al., 2004).

e 7] 99

MEE R Tl 371Ee

HAF, L

Table 1. Changes in pH and total acidity of fermented A.
membranaceus Bunge leaves.

brevis® W&ZF AT ATt 0.40%= 7P B e B
Atk AR=e] F7he fARE wgel o8] APE f714k )
AEe] f71= w8l Al PAske A2 gol St 3 8
oM EA To] Aol (Kim and Bae, 1999) #+t2] A5
= Asirld Rk ofu), Fhetoll oF o WHA ¥ FEE
o] Aol ddE Ao ZhErt

=

FE29|
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DPPH %! ABTS
%°] DPPH itz &A%e] A= vt 2
) 422%00 vls) wrg 3] ¢leo] At L brevis
51.02%, mesenteroides 64.33%, L. plantarum 50.78%=
Z718IR 0, L. mesenteroides = Wast AgTo] 7}
> 298 UERHQIT (Table 2). ZlslE gafo] Z71
Farst 5ol gl vlEldor Fretal _H;_II_E]
DO (Imai et al., 1994; Halliwell et al, 1995), & <
M= Wy 3] Adojxie] DPPH E4do] =& A& g9l
T UATE ol2fdt A= Kim 5 (2016)°0] Hirgh vie}
7ol Akt g WraEo] ksl &ido] Eolx]7] wo]
g FHE T T3 Jun 5 (2014)9] ATl oS
E9] Lactobacillus sakeig ©]&3 WaE A ti2TEY =4

Ugitke g} $Age wan.

SHAla} B
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DPPH &tZd &A &5 felgitzde] AAEE ¥
£ o]&3ithH, ABTS Stz AT ol grjzdo] A
AEe A Ol%o}i T SR BUZ AT gl ¥
a7t I& Fog AlgEo] Ay NPy wa ] o

o] ABTS &}tz £A%° Ade o3 Lok iz
68.44%°l Wlall W& 7] 1o AAT} Lo brevis 75.66%, L
mesenteroides 87.08%, L. plantarum 79.55%%Z EF 715}
O™, L mesenteroidesZ W Ado] 7Pt = &4
< eI (Table 2).

olglgt A¥= DPPH vzt &7 SAollA wash &7
o] wEalA] 2 7] o o] ST dakeke 9
shuh, DPPH itz &4 @43 vlaste] Al A F8o] thi
F2 07 e ol#dt AT Aole S A

—

Table 2. Antioxidant activity of hot water extracts from fermented
A. membranaceus Bunge leaves.

Components Contents (%)
Sample — Sample
pH Total acidity (%) DPPH ABTS
Control 6.28+0.01¢ 0.24+0.01° Control 42.20+0.60¢ 68.44+0.749
Lactobacillus brevis 6.37+0.03" 0.40+0.017 Lactobacillus brevis 51.02%0.79" 75.66=0.80°
Leuconostoc mesenteroides  6.48+0.02° 0.36+0.03° Leuconostoc mesenteroides ~ 64.33+1.33° 87.08+0.80*
Lactobacillus plantarum 6.15+0.01¢ 0.37+0.02° Lactobacillus plantarum 50.78+0.95° 79.55+0.67°

Values are means =+ SD (n = 3). "Means with different superscript in
the same column are significantly different at 5% by Duncan’s
Multiple Range Tests (DMRT, p < 0.05).
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Values are means = SD (n = 3). "Means with different superscript in
the same column are significantly different at 5% by Duncan’s
Multiple Range Tests (DMRT, p < 0.05).



B} - OICH - OlB! - izt - 2|X|S - 2UBM - BiAI

ol AFRHET) Jeong 5 (1994)] ¢l5td DPPHE A-fef]
A& ABTS= °ok°l—‘L Brizg 2rlske Mol A= Aol

el 715 vk Esle] ARHET} e ng B A
A S x}om e BT sk o] ol B AT
Az} AT,
3. 7@l & Bl oy vl

HzFAAE 451 ngnt o] F AL HAXY L

mesenteroides= W& 3+ ’é‘?ﬁ%‘ﬂ]’ﬂ% 6.46 mg/ml 2 Z7}51
ot} L brevis?t L. plantarums= 2F2F 6.11 mg/ml, 6.10 mg/mé
o= fAKE AdHpte b]"ﬂ"’ﬁ?iq' (Table 3). ] ZAZ= Kim
T (2016)°] e kit HEe] T3 AFollA] ZE]HEe
ghgo] izl Hls) dEElAM F7HItky Bagh Aot
FAFSIATE

wagh AgFoA F wlEe] o] 7k d3= DPPH
gz aAs 589 Aot AR o T s o
°] DPPH 2tz &5 4ol ATt F78= ATt Lee
(200> DPPH Ht]ZH 274%S % Zajs|ze] g
Ho| Hrha BVE0H, Song B (2011 fakF WHE
oJsted DPPH 2tz &Aso] S71g Ao| #led 3%
Eo] St g3l 71Qle Aoz FE T st vl Qo)

é i ol

OII

4. TE20| & ZIBL0|E o2 gzt Hg)

oM ] & ZetH ol 3RS 4,08 mgmle =z e}
WL, L. mesenteroidess W3 A= 539 mgmd =
7Fd =T} Lo brevis 9 L. plantarums= 212} 5.29 mg/md,
5.13 mgmt &2 ZA3gHe YeERSIT) (Table 3).

ZEfR ol Tt el dFoiH, diyog &
iz o] S7te ksl Fo] AejEide] vjglHoR &
7hehetal BAE|S Qlvk (Imai ef al., 1994; Halliwell er al.,
1995). W&ol €]k YEHghs l%611 Y st F £
g o =2o] 31EF H3lol| J3 o, Lactobaczllus
paracasei, L. rhamnosus 5= O]B-O]'Oq A A F
Yol T Fehiieol=rt S7kshs Aol HAEAth (Kim
et al., 2019; Park ef al, 2019). ]9} Zro] Wast 7] <

Table 3. Total phnolic and flavonoid content in extract from
fermented A. membranaceus Bunge leaves.

Contents (mg/mk)
Sample -
Total polyphenols  Total flavonoids
Control 4.51+0.10¢ 4.08+0.02¢
Lactobacillus brevis 6.11+0.06" 5.29-+0.02"
Leuconostoc mesenteroides 6.46+0.05° 5.39+0.02?
Lactobacillus plantarum 6.10+0.14¢ 5.13+0.01¢

Values are means = SD (n = 3). "Means with different superscript in
the same column are significantly different at 5% by Duncan’s
Multiple Range Tests (DMRT, p < 0.05).

o % Zess 2 F Sehuiols ko] FrlRke L
brevis, L. mesenteroides®} L. plantarum®] A4S 53
AEALS Bl o] FoARE AR wAdtsigitt

5. FE=29| Trap:} st2t U5}

thZ7+2] 79 fructose 117.55 mg/100g, glucose 21.99 mg/
100g, sucrose 9.87 mg/100g®] AZFH Tt L. brevis, L.
mesenteroides, L. plantarums WEg A8e] F2ld &3F
L % 4S9 Y L mesenteroides® WA SE AEH LS
fructose®} glucose”} ZHzF 117.55 mg/100g, 4.59 mg/100gS-2
7P e ks JeRIL, glucoses TRl HlE|] 4.8
vl ASIATE L brevis® WR S AEE sucrose’l 2.06
mg/100ge 2 71 W& S HAT (Table 4).

o] Axle Ao g wast| wlel glucosedt AA|F ¢l
freldel ghgel dAs] Fasisled], R 3’4'7‘4 ol A
ol o8l FHR7E FUHLoE AREEHN] WEQ] AR AR
o} (Kim ef al., 1999).

‘?z g 97| %191 ojaZEhd AT TS S & 4
HolXe 7] Yol EAlste olaFehE AHER] calycosin-7-

o-B-d-glucoside, ononin, calycosin, formononetine HPLCZ
242 B3 FAskc,

Table 4. The free sugar content of fermented A. membranaceus Bunge leaves.

Components (mg/100 g)
Sample
Fructose Glucose Sucrose
Control 117.55+9.14% 21.99+0.80* 9.87+0.17¢
Lactobacillus brevis 109.24+5.30° 16.24+2.29¢ 2.06+0.58°
Leuconostoc mesenteroides 69.60+8.97° 4.59+0.57¢ 5.38+0.47°
Lactobacillus plantarum 110.77+5.77% 18.98+0.70° 5.30=0.37°

Values are means = SD (n = 3). "Means with different superscript in the same column are significantly different at 5% by Duncan’s Multiple

Range Tests (DMRT, p < 0.05).
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Table 5. The isoflavonoid compounds of hot-water extracts from fermented A. membranaceus Bunge leaves.
Contents (mg/100 g, dry weight)

Sample - - - - -
Calycosin-7-O-B-d-glucoside Ononin Calycosin Formononetin

Control 71.90+7.21° 0.97+0.10° 5.41+0.54¢ 0.86=0.09¢
Lactobacillus brevis 66.78+6.68" 1.26%0.13° 5.51+0.55° 0.92+0.09"

Leuconostoc mesenteroides 61.53+6.15¢ 1.22+0.12¢ 9.93+0.99° 5.41+0.54%

Lactobacillus plantarum 59.89+5.99° 1.27+0.13° 7.60+0.76 1.05+0.10

Values are means + SD (n = 3). "Means with different superscript in the same column are significantly different at 5% by Duncan’s Multiple

Range Tests (DMRT, p < 0.05).

A A3 279 calycosin-7-0-B-d-glucoside, ononin,
calycosin, formononetin> Z}z} 71.89 mg/100g, 0.97 mg/100g,
541 mg/100g, 0.86 mg/100gC & YeRpNIct wa 7] A<
calycosin?t formononetin thz-ol| Hla] BF F7F sS
™, L. mesenteroidesZ &3t Ad o] zHzF 9.93 mg/100g,
541 mg/100g-2 74 =4 718k H. E3F ononine RE
AdFAAN AR S7FIAY. 1A calycosin-7-0-p-d-
glucoside> EE Adro] ZH7} 66.78 mg/100g, 61.53 mg/
100g, 59.89 mg/100g>-2 7+431 T} (Table 5).

°]& Chien 5 (2006)°] E3l ule} 7o) fAkto] ]%h
v o] Bl A st e o Jehd ZO=E, Pyo &
(2005)] H19} 7o) o] fakte] B-glucosidease®] &3}
e Aol As Ao FHHAUTH

o] ¥7]oll= calycosin 2 formononetin®] BIEA S Eo]
FHretaL =t ol2lgh WA P e ¢
o-B-D-glucoside 3! formononetin 7-0-p-D-glucoside”} <]
4R Zgo=z Qs vimgA FE < calycosin Z
formononetin® = A gk=]o] JhFo] Fr1gk ZoF AlRHT
Im 5 (2010)%] FEAELE olgate] wigA Feje] 7]
S aglyconFEIE M8k A47 F Lee 5 (2013)9]

At R E FE A 7dstEe] vigAl /3420 nodakenin
aglyconl nodakenitine® 2 A7 B9} FALSISIT
olzigt &7]e] A2l isoflavonoid 4§42l calycosin
formononetine ksl dHF G5 @ WAEZ &4 59
thekst e &%) BaEo] et (Du e al, 2012),
WA FeE EAlstd AW F, ©1&E A8t 5 wHIS

=R o=

=

AEE2] calycosin 7-

o
o
=

=

<)

AEA™ME: PJ 01357002)2] Aol 23] o]Foixl Ao|H
ole] ZIAI=HYT
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