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Abstract In the present study, various experiments were performed to evaluate the
biological activities, such as the antioxidant, anti-inflammation, and antimicrobial
activities of sword bean (Canavalia ensiformis) fermentation filtrate by Zactobacillus
plantarum (L. plantarum) and Lactobacillus brevis (L. brevis). Total polyphenol
(TPC) and flavonoid contents (TFC) of sword bean were significantly decreased
after fermentation regardless of Zactobacillus sp. (p<0.05). The DPPH radical
scavenging activity of sword beans also decreased after fermentation. However,
nitric oxide (NO) radical scavenging activity conspicuous increased after fermentation
(p<0.001) in a treated concentration-dependent manner, and the effect for Z. brevis
was higher than for L. p/antarum. In addition, the sword bean fermentation filtrate
showed a strong inhibitory effect against Pseudomonas aeruginosa, Staphylococcus
sp.,
groups (data not shown). These findings suggest that the sword bean fermentation
filtrate may be used effectively in various industries due to its high anti-
inflammatory and antimicrobial activities.

and Zscherichia coli. Cell cytotoxicity was not exhibited in all experimental
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{Chung 5, 2014; Faheina-Martins &, 2012; Kim
S, 2013a). 18y AFF da] o3t Ay 7ol &
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Aol 9zt A2 715430l AgtEle] AHChoi &, 2021).
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2.1. &F8 & &=F BEY HEX
2 Ao AREH FAFE2 20224 5¥€° (R)FFsY
A Eo A W (Fsh o2 Aujjste] EEsst A 1+
shom, 4T WAL 2roA HitstHA] Ao AREstS
o Had AXE Yol AFT 28T SAGS 11(w/w)
HEE2 3t 29rE 14(w/v)Y H&E EHdSHFTE
A7kt 1 ¢EA7](HR-S-2000, IIshin Autoclave Co.,

o|-gsto] HolHtt. L. plantarum
(KCTC 13093) ¥ L. brevisKCTC 13094 HEAY
AlE|(Korean Culture Center of Microorganisms,
Daejeon, Korea)olAd] Q4334 2H, 37C MRS BiA]of|A]
24A17Ht} & 33] AldjElet AS B4 #FE AR
et o|& AFF By} S 2= 5%/v) HlEE
FEsto] 3537 wRstylon, da ¢ dHRE Fo A
59 0.45 #mA membrane filter (Millipore Co.,
Bedford, MA, USA)Z ojZsto] &g &7 ]85
ek,

Daejeon, Korea)E

E]“ﬂl"‘ 3HFL Folin-Ciocalteau's J H(Singleton
J} Rossi, 1965)& 7t Hysto] 245130 & A= 50
Lo 2 N Folin-Ciocalteau’s A|9F& 25 uL A7l 3,
20% Na,COs 150 plE F71= 7fekal ALo04 1587 1
2|51t} o]% ELISA plate reader(VersaMax, Molecular
Devices Corporation, Sunnyvale, CA, USA)E ©|-8-5}c]
725 nmolA EB =5 4519 Tannic acid(Sigma-
Aldrich Chemical Co., St. Louis, MO, USA)E Ar85
of #F AYAE AHdstglon, o& ol&sto] AFT I
BHO FE s TFFE pg/mLE AlAtsto] eI
FEH ol SFFS DavisH(1947)S ¥gsto] 243}
At Zad 20 xLo} diethylene glycol 200 pLE &3
3t & 1 N NaOHE 20 pL #A7Ioto] 40T 24204
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IAIZE &9t BEEAIF T o] A E 420 nmollA FF=E 5
3,3]- Fom, quercetm(Sigma—Aldrich Chemical Co.)
ARgStol #E AFAS At AR TRl

%—%aﬂ&o]z FFS pg/mLZ AAksto] YERH AT

W

2.3 gt 24 55

25 da o] ikl €42 DPPH 22 &4 24
O = Blois®(1958)°] wet St BHSHTE ©
&5to] 100%, 50%, 25%, 12.5%9] =& A|XsH Wad
£ AEZE 51¥eH, A& 100 gLl 200 ¢M9 1,
diphenyl-Z—picrylhydrazyl(DPPH) 2M(Sigma-Aldrich
Chemical Co.) 400 pLE 211 &35t th2 204 10
E7F dhgAIZl & ELISA plate reader(VersaMax,
Molecular Devices Co.)& °©]&35}% 525 nmoA S¥=
£ S74s53ith. DPPH #Htjd &4 842 ti2aa 49
9] F3% Ao|E Bluste] YER It

2] g AL nitric oxide(NO) &HA
a4 ot tAMEQ] RAW 264.7 AEe= St
H]E—T——%(Korea Cell Line Bank, Seoul, Korea)ollAl

Hofdtol AR8519 o™, dulbeco modified eagle’s
medium(DMEM, Welgene, Gyeongsan, Korea)°ll 10%
fetal bovine serum(FBS, Welgene)@} 1% penicillin-
streptomycin(Welgene)& 7Fst] 37C, 5% CO;
incubatorol A viFotct. B3t RAW 264.7 A|ZE
1x10* cell/well D= 96 well plateol] B33 3 244]
7t B9 SPASIAZ|AL starvations 8 serum-free
medium & BHIFQI o] AE 4AI7F B Hige &
1 pg/mL 5=9] lipopolysaccharides(LPS)(Sigma-Aldrich
Chemical Co.)2} A|EE A5t 18A)7F w5l o,
Ae N griess reagent(Sigma-Aldrich Chemical Co.)
9t 1:1(v/v) HIEZR 4lo]A 1587 BESAIZ] & 540 nmO]
A FFEE ST NO &aA &2 tixaty A8+
o] = AolE H|sto] YERfglch

FAS AARI iINOSeE COX2°] tigh Hd H=g Bl
571 98l RT-qPCRE &5t o, v :
RNAE 1 pg/mL9 LPS} ¥ra S A 2|5t RAW 264.7

O
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MZZEE GeneJET RNA purification Kit(Thermo
Fisher Scientific, Waltham, MA, USA)E o]&sl &
Sttt ©]& reverse transcription system(Promega
Co., Medison, W1, USA)S o]&3dlo] cDNAE A5t
o|A& A5t gPCRE A5ttt ojnf AMEH qPCR
<2 Tapman Universal PCR Master Mix(Applied
Biosystems, Foster City, CA, USA)o|glow, GAPDH
(Mm99999915_g1), iNOS(Mm00440502_m1), COX2
(Mm03294838_g1) probeZ} AR&-E At

2.5, g7 24 5
=g dhg ool g FAL tAT A (paper disk)
ol g3slo] 24t FF TS S| Y5f Akg

=%0
T 2 ol

22074), Ex=A1HStaphylococcus intermedius KCTC
3344, Staphylococcus haemolyticus KCTC 3341,
Staphylococcus epidermidis KCTC 3958), W&t
(Bscherichia coli KCTC 2571), A%(Candida albicans
KCTC 7729)= AEALAE(Korean Culture Center
of Microorganisms)olAl Y5k oH, 2447k vljFet
T 7} gtof| g w0l gstal &HH paper diskol
27 4 Fads s FHAFT #9 HgRAd
et 24A17F wiFstelon, nAEe] AR = FE
(clear zone, mm)9] diameterE &£743}o] 42 et

3l

JI

ol fjo

T+ Pseudomonas aeruginosa KCTC

26 ,(775 E/(‘/ xI-I

A5F A aNo] N 542 3-(4,5-dimethylthiazol-
2-yD)-2,5-diphenyltetrazolium bromide(MTT)H<S <F
7t Hgsto] A3ttt RAW 264.7 ME(Korea Cell
Line Bank)E 1x10* cell/well @EZ 96 well plated]
S &, 24407 BRF FESHA 7| A& 2.5, 5, 10 pL
E 7K & 487 HiFsioith HiF ¥, CellTiter
96®AQueous One Solution Cell Proliferation Assay
kit(Promega Co.)& AH&sto] S5t

2.7. &A=/

AT dado FEvs % St ols A P4t
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st 9 FAF, I, AE B4 AP 33] o|g9] HiEoR
PR o, A= Yyt HEEHXHmean+standard

deviation)& YEFH I o]AE EHE FARAS AA
5} o™, SPSS(Ver. 26.0, SPSS Inc, chicago, IL, USA)
B mga9e AMLste] YPulR] BAREA(one-way
ANOVA)Z& AA|St & Duncan’s multiple range test2

$914(p<0.001, p¢0.01, p<0.05)& AZ3HAch
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dFe S A= Table 13 2. 453 ¥R
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ko] vl foFo=z S{Iﬂ'(p(O 05). Lactobacillus
& Fz0] X0 /Rh_]-oqo] = ulg 3 Uo SRS HYlo
™, o] %
T= YzHEct %%E}EiO]E o ‘_I._E} AR da ol
H 38 Z}—Er% waEch %Q@Qi 2 e Bl
(p€0.05). FEZYH= =
Za'ctobaci/]us & 4379 —’—Oﬂ el 0] DEdg & 92
glefo] 245 A 4 .
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o A, Qo ¥a AHY FAasiylon, o= g
3R] Zhgasfoll oJet Aolztal B 5tk Yang &
(2022)2 BHUF grf 24t HaE| FEHE TFHS
7% A da ARl wet S AlelE H3lem, Ahn
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Table 1. Total polyphenol and flavonoid contents of sword bean fermentation filtrate fermented by L. plantarum and L. brevis

Control” L. plantarum? L. brevis’
Total polyphenol contents (ug TAE?/mL) 1,102.99+7.26%%7 990.99:6.87° 965.09+15.15°
Total flavonoid contents (ug QE®/mL) 323.2045.29° 264.53+6.43° 283.20431.75°

1;Control, no inoculation of Lactobacillus sp.
2
)

@

L. brevis, sword bean fermentation filtrate fermented by L. brevis.
'TAE, tannic acid equivalents.

9QE, quercetin equivalents.

OAIl values are meanSD (n=3).

N

L. plantarum, sword bean fermentation filtrate fermented by L. plantarum.

Means with different letters in the row are significantly different by Duncan’s multiple range test (p¢0.05).

https://www.ekosfop.or.kr
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100
2 80 mControl mL. plantarum = L. brevis
-2 [
g S 60 c oz .
I 8’ b
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0
100% 50% 25% 12.5%
Concentration
Fig. 1. DPPH radical scavenging activity of sword bean

fermentation filtrate fermented by L. plantarum and L. brevis.
Control, no inoculation of Lactobacillus sp., L. plantarum,
sword bean fermentation filtrate fermented by L. plantarum;
L. brevis, sword bean fermentation filtrate fermented by L.
brevis. Tests were performed with different concentrations
(100%, 50%, 25%, 12.5%; diluted in fermentation filtrate).
All values are mean+SD (n=3). Means with different letters
in the same concentration are significantly different by
Duncan’s multiple range test (p<0.05).

3} G99l zjol= QA oH, . plantarumel
B} [ brevis©l o5t HaHo] Aks} a7t
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e & 95 -4
AE K Wyszynska & 2022) olo] wha} AjI:oj
= T A5 daAS Agste] JA =

39S FrbetR o, 11 A= Fig. 2
PSE A23t 41} NO9J 44l controloﬂ H| s
oF 3.4H] F7Fsto] G350l AeH A ERlstlon, Al
ARt AgTolA NO Aol Fodor Wolx|=
A3E BEHp<0.001). #F5 HFoHA &2 2
L. plantarum R [. brevis #5F= LA TaH9
relative fold @t 242 2.764%}F 1.747 4 1.891% L.
plantarum= WEF HHHY] NO JAEC] 7P %o
o, 3 7F FY9A Zpol= fIATHp)0.05). &, AFT
g3 F NOY "g‘éo] @'57]'9& H, #39] 7 194

eissella sp. SH-13}
L. casei &N O w2 S Ao, Weissella
sp. SH-1Et} L. caseis &3St HaFEZE0A NO 34
Vo] o $4oi8E SIsiel Bl T Aol 3

= 58013 Lee 5(2022) TSt FHF Akt TEE

45 |
30

a0 |
\

25 |

20 |

15 |

10 |

05 | .

00

Control* Positive control Control L. plantarum L. brevis

Relative fold change

LPS (1 pg/mL, 18 h)

Fig. 2. NO-inhibitory activity of sword bean fermentation filtrate
fermented by L. plantarum and L. brevis. Control’, basal levels
of inflammation; Positive control, LPS-induced RAW 264.7
cells; Control, no inoculation of Lactobacillus sp.; L. plantarum,
sword bean fermentation filtrate fermented by L. plantarum; L.
brevis, sword bean fermentation filtrate fermented by L.
brevis. Samples were treated with 5 ul volume of filtrate. All
values are meantSD (n=3). Significant when compared to
positive control at "~ p¢0.001.
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QI8 A5 wi7isks NO2 el Aastas gl
t¥om, Park 5(20182)9 AfolAZE fARERD L
plantarum®l] 99 FEUF L5 ES JIF &
ekl Harsto] 2 AT Anket AX|5kgich
NO9| 842 77 INOS®H COX20 o ==
QIAQl NO9J A4S Z243sH= INOSeF COX29] %
42 FES oY BFleE Fasithal ofAAL v
(Park &, 2018b). oJo] mat AFF THFAo] iNOSL}
COX29] QA4 2 Are Z4sigon AT Fig 3
off eti]lct. iINOS2| 73-(Fig. 3(A)), LPS A ¥ &
5] F7ksto] dFol fEE AL gIsilon, 42 HE
BFA] FL 272 positive control¥ 2121 Z}o]7}
fou, #Z FFT a9 A= fYHo=
iNOS7} 48 AS 2IsHATHp0.01). L. plantarum
o o3 TaH LHH iNOS HdF2 437.40+89.20,

|0

[e)

of

lo ofN

2,

>

1400

1000

-]
o
[=]

1200 [

|In

Control* Positive control Control L. plantarum L. brevis

-]
o
=]

Relative mRNA expression
(iNOS/GAPDH)
H
o
=]

N
=]
=]

o

LPS (1 ug/mL, 18 h)

~_~
(o2)
~

20
1.8

16
14 ¢
1.2
1.0
08 |

0.6 r
Control* Positive control Control L. plantarum L. brevis

04 r
02
0.0

Relative mRNA expression
(COX2/GAPDH)

LPS (1 ug/mL, 18 h)

Fig. 3. The mRNA expression levels of iNOS (A) and COX2 (B)
of sword bean fermentation filtrate fermented by L. plantarum
and L. brevis. Control’, basal levels of inflammation; Positive
control, LPS-induced RAW 264.7 cells; Control, no inoculation
of Lactobacillus sp.; L. plantarum, sword bean fermentation
filtrate fermented by L. plantarum; L. brevis, sword bean
fermentation filtrate fermented by /. brevis. Samples were
treated with 5 uL volume of filtrate. All values are meanSD
(n=3). Significant when compared to positive control at
“p<0.01, ""p¢0.001.
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L brevisd| o ra® WHEHO iNOS HHFS
403.81+£99.512 [. previsol 9J3f &a% @godo] /
plantarumel] 93] aE daNET} 22 S LY
Atk COX29] A-HFig. 3(B), ¥ HEMA F2 2+
I 72 FES Ead BE positive controlETE 5914
oz o WAFE B OoH(p0.05), E3] L. brevisol
olsf| i H Wado] 7P W COX29 HaHS 7o
. ol=et A},
2 1Nos-<a} COX2 H*oﬂ kS 4% 53l NO9J
= A& wdEY, oz FAS AAEHA

& o9 disc —rH«l
RE&A] Hﬂ(clear zone)?| A7|(mm)E w3t Ax}, B 2

7 A5Fo) vlsf ¥R AT AsAsie 2717F f-9st
| =2 A 02 ERIEglon, ojzfet AutE WA ¥ ot

/o] F7FIE= & & AU 18y 8 Candida
albicans(C. albicans)®| tgt & &4Jo] gl Ao |
of ol WE AolE HYN, Hewt, AT,
ESE ZF o] OE s A6 77t ZoE B
of Ao Ao)7} Q= AR HIY 53] AHRF Had
2 Pseudomonas aeruginosa(P. aeruginosa) &, =&
ol 3t Az EAJo| L. plantarumC.E LA Tado]
30.0£0.0 mm, L. brevis® YA Tado] 26.0+£0.0
mmO=Z 7P 4519, P aeruginosa® 18 239
S Zatol &ot= Ho =, o AARE= HYdo] Is

A9k HYo| A5t Ao = tE 53 T 2-E5to]
713] @99l 8 ¥lo] Hrk(Seo, 2007). YW o= 7}
Zgo] o]t =stoll Qs IR, T vt
Z 2802 Qg AUty 7t 59 W&ol 71 A
of 9171 wWZol B 523 Aletolth. Lee 5(2020)2 &
A oAl ed9] It B ST AA, P aeruginosa
of tigt I &= 10 mg9 x4 14 mmY clear
zone< 0I5ttty B 5kt ESE Choi $(2019)2
Ao ot AL A 23, P aeruginosa®ll HsHo
5 mg¥ 10 mge] F& FAE AH2gt 21 clear zonef)

X
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Table 2. Antimicrobial activity of sword bean fermentation filtrate fermented by L. plantarum and L. brevis

Diameter of inhibition zone (mm)

Control” L. plantarun? L. brevis’
Pseudomonas aeruginosa 8.00.0%Y 30.040.0° 26.0£0.0°
Staphylococcus intermedius 8.0+0.0° 21.020.0° 20.0£0.0°
Staphylococcus heamolyticus 8.0+0.0° 22.0£0.0° 20.0£0.0°
Staphylococcus epidermidis 8.0£0.0° 18.0£0.0° 16.0£0.0°
Escherichia coli 0157:H7 8.0:0.0° 9.0:0.0° 9.0:0.0°
Candida albicans -9 - -
UControl, no inoculation of Lactobacillus sp.
2}, plantarum, sword bean fermentation filtrate fermented by L. plantarum.
9. brevis, sword bean fermentation filtrate fermented by L. brevis.
YAl values are meanzSD (n=3).
9Means with different letters in the row are significantly different by Duncan’s multiple range test (p<0.05).
No effect.
277k A2 11 mm, 15 mmE 2SI Buste] & @ P THO) B B dAUS A7k 35 BaT
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