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Abstract

Asparagus cochinchinensis is known to ameliorate respiratory disease. We evaluated the antimicrobial activity of
non-fermented and fermented A. cochinchinensis using lactic acid bacteria and investigated the physicochemical
characteristics of the fermented A.cochinchinensis. Non-fermented A.cochinchinensis showed lower levels of antimi-
crobial activity than the fermented A.cochinchinensis. Ethyl acetate (EtOAc) extracts of the fermented 4. cochinchin-
ensis showed antimicrobial activities against the indicator strains at lower minimum inhibitory concentration (MIC).
The MIC of the EtOAc extract of non-fermented A. cochinchinensis against Escherichia coli, Staphylococcus epi-
dermidis, and Stphylococcus aureus were 100, 75, and 100 mg/ml. In contrast, the MIC of the EtOAc extract of
ACLM was 25 mg/mL against E. coli. The MIC of the EtOAc extract of ACLS was 12.5 mg/mL against S.epi-
dermidis, and the MIC of the EtOAc extract ofACLP was 12.5 mg/mL against S.aureus. The viable cell number,
pH, and acidity of A. cochinchinensis fermented by Lactobacillussakei 383 were similar to those of A. cochinchin-
ensis fermented by Leuconostocmesenteroides 4395, but were different from those of A. cochinchinensis fermented
by Lactobacillus.plantarum KCCM 11322. These results suggested that the fermented 4. cochinchinensis by lactic
acid bacteria may be a good candidate for application to ameliorate respiratory disease.
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al., 2008). &&= monosaccharides, oligosaccharides,
polysaccharides, steroidal saponins, phenolic compounds
o] 71578 A&l FrHel U=rT(Tenji et al,
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Lei et al., 2014), Son et al. (2013)2] X7 o]slH HiE
5ol 5% asparagine, B-sitosterol, quercetin % quercetin
(IUPAC name: 2-(3,4-dihydroxyphenyl)-3,5,7-trihydoxy-4H-
chromen-4-one)2 7J& §+ d4kste} MCF-7, Hep-G2, NCI-
H460, HeLa cell 5] A7k M| Zod|A] Hoju et 28-S
StobAL SHo) Lee et al. (20152)2 AT Oo2HEH FE53H
methylprotodioscin (IUPAC name: 3-O-[o-I-rhamnopyranosyl-
(1—2)-{a-1-rthamnopyranosyl-(1—4)}-p-d-glucopyranosyl]-26-
O-[B-d-glucopyranosyl]-22-methoxy-25(R)-furost-5-ene-3,26-
diol)o] 954 FarelAtel IL-69F IL-8, FUIAHfEHel =}
TNF-a9] 84S et Aslete 5 7= 452 s
713 7= A5 A3 Al 288 st Edolgtal Bist
3L 9tk Lee et al. (2015b)°] oM E HiEE 2 HH
273 dioscin?} methylprotodioscine 7] %= 3] Ao
2319 mucSac mucin 1A FHES A 5= AHE
oq __/\-] _z:“ ;d:@].oﬂ 5]—3_51 7—] oZ vy 9}1\\:]. w3l 3t
ol A /\]—4‘10} E%5°] #7FE phytoformula®] 2]+
in vitro & in vivo ﬁ?oﬂjﬂ H 945 JAl) a3t d
< B FTH(Jung et al., 2014; Jeong et al., 2016).

tﬂ-ﬂ, ZAb2 Generally Recognized As Safe (GRAS)
2, sl dat, daEA, dedEr] 54 He
4 852 /A Aoz Z dHA Jd2m(Olsen et al.,
1995; 2001; Perdigbn et al., 2001; Rafter et
al., 2002; Karovi¢ova et al., 2003) 2]&o| L} 2|4, AFTF

T

Cross et al.,

|2 Ee A8 A FHAEol AsEe 5o 80 =
5 Heltk(Kang & Kim, 2011). o]& ¥EE F3l] &
A 71578 Aol Aol F-E7] £ FHE A=A
v 2 go] Sk 2HE 7RItke A ondth 5
3], EF] A9 ol e A7t v 5 AR
ol A¥S B3 HAEF HaE] g &4 ao sk
#H8HAQl aro]l g asitt o AXIT kA 2 Aol
= AEse Akt dEE 9 587 43S fEske
A ES Aslste o adE AL AlxH ikt T

[e)
AE)(KCCM, Seoul, Korea)oll A H-oF wko} A}A‘lo} E}. a
g TS A 59 387 FES doT|= Staphylo-
coccus aureus KCCM 40881 (Bachert et al., 2002; Davis
et al, 2015), W] &2S Guatiy GHZ Staphylococcus
epidermidis KCCM 35494 (Dunnette et al., 1986)& Al-&
stow I3 A2 THHAES, XL HAS T
o] FAgoA HFEE vAE

Q1 Pseudomonas aeruginosa
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KCCM 11328 (Valderrey et al., 2010), ¥ W Zd5+=
H 8 F9 Escherichia coli KCCM 11234 (Igusa et al.,
2012)& AHEstA Tl wl kel AF8-% WA= Difco (San
Jose, CA, USA) A|FS ARgatom Aol mig 2 &
o438 ZFAol= Z7 Triptic Soy Broth (TSB)$} Muller
Hinton Broth®ll Bacto AgarE 0.8% 37}gF Muller Hinton
Agar (MHAYE 7H7}+ AHE-5H3
s dao) AHgE rAlE
(Kim et al,

- Lactobacillus sakei 383
2011), Leuconostoc meseteroides 4395 (Kim
et al.,, 2011), Lactobacillus plantarum (KCCM 11322)2. =
L. sakei 383, Leu. meseteroides 43952 2 A& Ao £
2548 2 el wae] Bad vEedol
MRS Broth (Difco)S AH&-3F3At}.

Aol AHSE WA= 25 23] At v F Uv-
spectrophotometer (Optizen POP, Mecasys Co., Ltd., Daejeon,
Korea)5 o]&-ate] 557] Ag WA nAES 0.D.gm=
04014 &g vJAYEL 0D, =1.08 =2 A A&
=3

== e
FA 1794 HEs (T sd)e 52 1%
(FD5510S-FD5520S, Tishinbiobase Co., Dongduchon, Korea)
St 4] 71(MF-3100S, Hanil Electric Co., Seoul, Korea)
A2 gt ¥ 50 mesh ©|3t= #AsFete] Aol AHE-sHAT
w23k AEE 37.5¢g% SFHT 250mLE 121°CollA 15
7 Batste] wEel ARt BvE AESS 2R
(L. sakei 383, Leu. meseteroides 4395, L. plantarum
KCCM 11322)F 5%(viv)d HE 3 5 30°CollA] 48A17F
& AA v ksl Aol AFg-stAT
FE=9 M=
Ak BE HEE FEE AZ A s SFS0DW),
W €k (MeOH), ol &F2-(EtOH), ‘=223l X (n-hexane), o1&
oA H| o] E(EtOAc), ol H|Z (Ether)E AH&-391Tth. MeOH}
EtOHFZ2 &1 250 mLE 713t H N &a-242(SHWB-
30/45, Woori Science Instrument Co., Pocheon, Korea)ll
A Z+2F 60°C, 70°C, 110 ipm e 2 24A17F 33] FE315
EtOAc9}t n-hexane &2 &7 250 mLE 7}k 7 B
FZo4 50°C, 110 rpm &2 24417 33] FZ33Th
Ether &2 &1 250 mLE 713+ 5 2204 190 ppm o2
24717k 33] FEEAH FEE A EE2 ¥ (Whatman
No. 25 AH&-8to] Aol & 313 $FAA 94 5%
54 & Aol ARSI & FEES 121°Co A 4587
FE39t 4 2A H2 AxE FE2EL 25 50, 100
mg/mLe] FEE AA At T35 #d Ao nAE
o] gt SHA P AR
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A FE229 g4 agar-well diffusion
method (Irshad et al., 2012)S W3l HASHATE =&
7] A% #A WA mAES aureus KCCM 40881, S.
epidermidis KCCM 35494, E. coli KCCM 11234, P
aeruginosa KCCM 11328)> MHACl 1% HE ¥ d¥3}
Al 4] petri dishell 20 mL #7383tk #A|2H plate= 4
204 §32ZAZ] T pasteur pipette2 ©]-&3t] A7 6 mm
wellS ¥HEo 7} &0 F&5-2 25, 50, 100 mg/mLe] &

Z X3} 7—]’ welloll 70 uL 591 3}3L negative control
< 747t & §vilE FABIATE plates 35°ColA YA

AIZE B E = well =910 FAA == AN 27
(mm)S St FBHS S5t AP 33 v
stal A= W o2 YR AT

oo
it

S|
ot 0%
mn‘. _|

JPI

(MIC)—I =5

T Hold g0 ehte FEES A
H o ﬁ‘j‘f’aﬂﬂ FE2 89 FAAFEFEMinimum Inhibitory
Concentration, MIC)E 73131 th. MICE plate’doll A 8
mm o] AFA S| YEhv= FEE0] TE2 A5t
Fom, mgmLE YEM Y tH(Yoo et al., 2005; Choe et
al,, 2014). A2 33| RbEsiglon Axe J+3 2FH
22 WEpl A

Mg =5

WS F=(L. sakei 383, Leu. meseteroides 4395, L.
plantarum KCCM 11322)& HE s s A5 4
30°Ce] %94 0, 12, 24, 36, 48, 60, 72, 96, 120A] 7k}
t} o]Rolgom NEE BF FHIFE AR
MRS platedl| = 23t 5 w3t colonye] 5 S 3laL
Log CFU/mMLE FA3I3th 2482 33 ksl Aae
W3 EEAAE GER AT

Negative control

™y

LY

|
100 mg/ml /
A\

L L
\ 50 mg/ml

ceE= G - 081 - 1B

A el
FAAZ AEF B¢ 15g7% DW 100mLE ¥ ¥
Wa FF(L sakei 383, Leu. meseteroides 4395,
L. plantarum KCCM 11322)F FHE3IaL 30°Ce] 2=olA]
0, 12, 24, 36, 48, 60, 72, 96, 120A17+ HE A7+ H= 2
w52 pH % A= ®sE 483tk pHE pH meter
(pH-200L, Istek, Seoul, Korea)& ©]-&-3l] =431t}

AeE g JEF 10mLol DWE 10mL 3 7}ste]
b % 0.1 N NaOHE ©]&3ld =4 pH7l 8.3¢] & wi7t
2] A 3FATH AFEE 0.1 N NaOH 42 th2-¢] Aba o
2 o= kst

Acidity (%)

_ mL of 0.1 N NaOH x factor x dilution rate x 0.009 X 100
Weight of sample (mL)

AYe 338 wrEeln Ashe WEd R 548

== % S22 =5
BE AETE FES 105°C Arddzy, 238
A3 3]3 S o] 83ted S SATHAOAC, 1990). 232

3AS DNSHMiller, 1959), 22 phenol-sulfuric
acid¥ (Dubois et al., 1956)2 ©|&35te] =431t}

AFge FAAZE AEF A 4¢ %%# 100 mLE
AL 5 30°CoAA 120 pm e & 241 7F WRESE B 10%
TCA (v/v in water)E 2% H7iste] @wldS HAA7]
T 1597 BRete] oAty ZH2be] o9 0.5 mLo|
3 5- dlmtrosallcyllc amd (DNS) Al ek l SmLE Y3 90°C|

25 mg/ml

N
\ 50 mg/ml

Fig. 1. Antimicrobial activity of ethyl acetate extract of A. cochinchinensis with lactic acid bacteria. A: Antimicrobial activity of ethyl
acetate extract of ACLP, B: Antimicrobial activity of ethyl acetate extract of ACLS.
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F2 AR 02mLel 25% HCI (v/v in water) 1 mLS}t
F 9mLE H7Fete] 95°Cell A 2417 E3F AR A1

o] Z}X](Whatman fliter paper No. 2)Z <33}t 22t
o] ool 0.5mLel 5% phenol 0.5 mLe} X1&H&HAF 25 mLE
7hete] ek & 1587 ¥hgste] 33 EAE 550 nm

AAM FF=E 4390 A4g-2 33 sl or Ax
= o3 EEUAE AT
A2t D

MES doFE22| SreEy

oz g E HAEF9] & FEEE 484 =
A A3 g g HEF2] EtOAc FEFEA 7HE H
ot 84S YeRRTE Zaghloul et al. (2001)2 &
o] 84 =74 Al diethyl ether FFEE T} EtOAc F
EEA Hold FHES HRtha Bystal Sk E

coli= Leu. Mesenteroides 43952 W H HEF(ACLM)
9] EtOAc =%, Saureus= L. plantarum KCCM 11322
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ACLS®] ¥FFZEENAM E coli (100 mg/mL, 8 mm), S.
aureys (10 mg/mL, 6 mm)2] A ZAFgo] AZFHUL
ACLMSO] d4FZFE4AM E coli (100 mg/mL, 7 mm)<|
A 8-A &l gho] LElsttH(data not shown). =3 ACLME] n-
hexane FZE1A E. coli (100 mg/mL, 7 mm)2] A5 3)
Zto] #FAE AT ACLME] ether FEEA P aeruginosa
(50 mg/mL, 7 mm)°] AFA e gko] YpEh} s TR A
-5o] g3 2o E M TtH(data not shown). ] T
T Bkt e R st YA S 2= VleH =2
o] EASo] Yok A0 2 FZ=FTH(Shin et al., 2007).

A A3E BEUE AEF T8 IF(L. sakei 383, Leu.
meseteroides 4395, L. plantarum KCCM 11322)E =2 {9
4 mAE el 7P A sEolA =2 FHEES U
= F2ES MICS SH o ARE-attt

2 248" HEF(ACLP)Y EtOAc FEE, S. epidermidis &) 8 FEE9] AN FH ZAHE HEHe=E
= L. sakei 38322 TaH AFTF(ACLS)Y EtOAcFE  ACLMO| EtOAc FEE-2 E colii ACLSS| EtOAc F&
£l 93l A3 43t inhibition zoneS FAJ3te] o]o%] EAME S epidermidis 712131 ACLP2] EtOAc FEES
= Aol AFE-3}% tH(Table 1). S. aureus®] g MICE 77 S43I9TE MICE FE&
Ad AoA dE A JEF9 FHFE4d-2 MeOH, o] WA vAE YRl ASAsEe] 8mm o]/d<]
EIOHFZ &4 200 mgmLe] F=2 484 =4 Al S HA FER st 583 A3 ACLM®| EtOAc &&=
epidermidis, P. aeruginosa®|*] 8 mm ©]g+e] A 8-A 3| 7} 2 E coli*l~ 25mg/mL, ACLS®] EtOAc FEE2 S
UEl}L EtOAc FEE0AM FU3 T2 =4 A 89  epidermidiso A 12.5 mg/mL, ACLP2] EtOAc FEE& S
mm®] ASA s E-S P H(Jung et al, 2016). AT aureusA 12.5 mg/mLE YEPGTHTable 2). o= A3A
Iy A5 FYEA EtOAc FE=0NX M =2 da8 oA LR ¥ HEF EtOAc FEES] MICTTE.
Table 1. Inhibition zone of ethyl acetate extract of A. cochinchinensis fermented with lactic acid bacteria
Zone of Inhibition
Ethyl acetate extracts
E. coli S. aureus P, aeruginosa S. epidermidis
ACLS Concentration (mg/mL) 100 25 100 25
Diameter (mm) +++ ++ +++ +++
1 *
ACLM C(.)ncentratlon (mg/mL) 25 50 ND 50
Diameter (mm) +++ ++ ND +++
ACLP Concentration (mg/mL) ND 25 ND 25
Diameter (mm) ND -+ ND ++
*ND : Not detected, + : 6 to 8 mm, ++ : 8 to 10 mm, +++ : exceed 10 mm
Table 2. Minimum Inhibitory Concentration of ethyl acetate extracts (Unit : mm)
Respiratory
Extracts microorganism 25 mg/mL 12.5 mg/mL 6.25 mg/mL 3.125 mg/mL 1.5125 mg/mL
ACLM E. coli 11.67+0.58 7.33+0.58 ND* ND ND
ACLS S. epidermidis 10.67+0.58 8.67+0.58 ND ND ND
ACLP S. aureus 9.33£0.58 9.00+0.00 6.67+0.29 ND ND

*ND : Not detected, Mean+SD (n=3)
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colix= 100 mg/mL, S. epidermidis= 75 mg/mL, S. aureus
M= 100mgmLe] F=A ZA4®E ZAung et al,
2016)3 vla] WEE AREF] EOAc FEElN e
Aol zZHasle 22 _4 sharo] =718l AL 7 e A
22z A ¥ A0 ARHL. o) FbE YEER
B ARES £§7) §% plaR @ Fragol A

e

Zash Aol A viE FUteke AES 2ol vk
ACLP+= 48A17W7HA] pHE YA sHA #asta alee 43
o}ﬂl 7kt dA8A= FEE E"iﬁ} ole} 72 A3}
= pHe A3te} 4tz s AFEFY Sk fALS
e 2 Yehtes AL EAE & It
TR S MESS| T8, 3, Sd 2 Y 24
A= Table 3914 HAAX] = A3} Zo] &g diEs9
TE FFHL 8990-91.03% Z3I|EL 0.76-0.87%= UE
9] zpolof] W& Aol A B o' HAlt
10
—— ACLM
9 —@—ACLS
~ 8 ——ACLP
E
E 7
%6 -
S
< 5
H
S 4
E 3
>
1
0 »>-
0 20 40 60 80 100 120

Fermentation time (hr)

Fig. 2. Detection of viable lactic acid bacteria. Data are presented
as MeantSD (n=3).

% - ool - olaly - 2

g A AEEe 9, TUF 984.33426.82, 98.12+
1.13 mg/mLO]C}i‘?’j W HE Folle F32 305 79- 381 21
mg/mL, L2 15.08-71.81

F 7Sk th(Table 4). 53] *@%rgl tﬁ_ﬁ}ﬂ 7%} a
=2 g9 S yeRd ACLMe] 33 3ol

L
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Fig. 3. pH and acidity of A. cochinchinensis fermented with
lactic acid bacteria. *Mean+SD (n=3). A: ACLM, B: ACLS, C:
ACLP.

Table 3. Moisture and crude ash in A. Cochinchinensis

(Unit : %)
Item Moisture Crude Ash
Non fermented 4. Cochinchinensis ~ 90.84+0.18*  0.76+0.04
ACLS 89.90+0.01 0.80+0.10
ACLM 90.77+0.00 0.77+0.06
ACLP 91.03+0.01 0.87+0.06

*Mean+SD (n=3)
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Table 4. Reducing sugar and total sugar in A. Cochinchinensis
(Unit : mg/mL on dry basis)

Item Reducing sugar  Total sugar
Non fermented 4. Cochinchinensis ~ 98.12+1.13*  984.33+£26.82
ACLS 64.87£9.60  343.92+23.67
ACLM 15.08+0.84  305.79+61.28
ACLP 71.81+£1.95  381.21£31.66

*Mean£SD (n=3)

1 A e BRE Q9 $Pt BAYe] it
BAabto] FiEg W JHE o]&H ZOoRE Rt
(Hong et al., 1998; Jang et al., 2004).
2 ¢
557 A% AN E52 Fe ARF F 4R
5557 A A Edd dE Fdagd 54 Ilst
T ATE A BE A ARET QaE 2E
Adse] FH842 FEE HE 2o/t YERRAL EtOAc
FEEAdAM oS g5 i E RS A 5 A9
o} EtOAc FE &4 MICE A As|gto] wha A A

59 MIC7} E. coli= 100 mg/mL, S. epidermidis= 75 mg/
mL, S. aureus1A1E 100 mg/mLe] FEH5E Zo] ACLM
£ E coliolX 25 mg/mL, ACLSE S.epidermidis?| ¥ 12.5
mg/mL, ACLP= S.aureus|A] 12.5 mg/mLE YENSTE o]
Hot AMZRE g HaE Fote] AEFY FaE2A
o] A F7Fstal E57] Age a3t Ae Aol 7Yl
gk 4= 9tk ACLM®} ACLS®] 7% A<, pH, 2=}
H]S2ek 43S e ¥FA ACLPS 12047 & Al =
Aol = avt AR Fa A YA FAEHA
MR A8 A B

pH, A== 717} 4 Crdiies
A= FHE HEIT. dNEE T R I8
< AEs 28 A-FolM 2 Aot gt ST €
T2 2E A dEEel viste] 2a § I glel A &
adto] mAEe] W Fo] AENES F5E F 9
ATt

#Alel 2

B ATE SARAAE 17 887 @ NS 14034
03)2] A|glel] ola) Ry Eom ofo] ZALEYYIT.
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