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Abstract

A novel L. harbinensis VF was isolated from fermented vinegar and identified through biochemical characteristics
and 16S rRNA sequencing analysis. Characteristics of probiotics were studied for acid and bile salt tolerances,
hemolytic activity, antibiotic resistance, antimicrobial activity, cell surface hydrophobicity, and aggregation. The sur-
vival rates of the isolate were maintained at 68.9% and 95.6% after 3 h incubation at pH 2.0 and 2.5 and were over
74% at bile salt concentrations of 0.3% and 0.5%. The hemolytic activity was confirmed to be y-hemolysis. The
isolate showed broad antibiotics-resistance in over 12 antibiotics except for trimethoprim/sulfamethoxazole, compared
to L. plantarum (KCTC 3108), used as control, and previously reported L. harbinensis. Antimicrobial activity was
confirmed against pathogens, B. cereus, E. coli O157:H7, L. monocytogenes, and S. typhimurium, except S. aureus,
and it was attributed to produced organic acids (low pH). The hydrophobicity for xylene and chloroform were
16.7% and 20.4%, respectively, lower than those of L. plantarum (41.2% & 49.9%). The auto-aggregation and co-
aggregation with pathogens were 83.8% and 49.2-87.6% at 24 h incubation, respectively, higher than those of L.
plantarum. From this study, L. harbinensis VF is likely to be used as a probiotic strain and is a strong candidate

for commercial application.
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A A2l L. perolens= 16S tRNA 9714
A] o]-g3ate] FFaE L WolFoA Fof nAE
QJEJ 7] %= &+ th(Back et al., 1999).

L. harbinensise S 55 std¥le] A5 AAdtgaE
ol “Suan cai”l|A] 20053l & HIE ©]F(Miyamoto
et al,, 2005) $-2lvel €521 242 (Jin et al., 2008), &
g2 FA AstelE vIAE 2 (Lacerda et al, 2011;
Sagdic et al., 2014; Sekwati-Monang et al., 2012), 333°]

75

HUF‘IEPL
oOEFE

S Fo33l= G f-(Delavenne et al,, 2013; Delavenne

2015), EFLE AL Z]R|(Wu et al., 2014a, 2014b),
Kefir ¥ & 2] & (Angelescu et al., 2019; Laureys & Vuyst,
2014; Talib et al., 2019), ¥ =T/ A &F(Colombo et al.,
2018), FE o] &3 W& A F(Zheng et al,, 2020) FolA
zﬂ-&};& o= EJ_FE](H 9—1:}

Ao T FAFE AN W pH R BFAS B
WS XY™ -gAde] ¥l GRAS (generally regarded
as safe)= TRE O] ZEHO] QYT A o] &I 7} -

et al.,
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Aoz 4#A QUrhHIll et al, 2014). 2} EF
TS Z2uO|QE AR o] &317] A E A ol
A4, A7) Wellx o] A, Al HasE ) &

b 7153wl el tigh 71290 Fitel o
o] #oF P thFijan, 2014). ThH-E A2 o
= Z2ufo| QA= A fEl e fA

St

o ¥ rlo

—

P

3T
= il Ao iFEel ey &
ghate] As IR AF(Kim et al., 2019;
Kim et al., 2016; Seo et al., 2020)°14 2@ & &)
FrAbto A& Z2uto] QElX )50l QUThal B 9}
A qE o} A 7EA] AF ARl S8 m] 53 Aol

E AFM = AT DEAER] A 2ERE & BT
AR L. harbinensis®l] ste] 16S rRNA €714 E &
A3 Asteld EAE st F
3, Al tigk WAg, St 843, A AAlE 2
5 AT 715 S A Z2uto| oYX A2 A4
7HsdS glstarat skt

= e P - R e T 1
&
ox
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HE o e

ot 22 L BHeF

AE Aol &A1 Adsdolr H LR (Morus alba
L) o] &3l Ax3 1T LarxeA A AdHe] =
2 #75 T dF YR RE H AAdT
£ o] &3 AL 3% CaCOF 2% (Viv) eSS &
3t 24k EE€ GY (glucose-yeast extract) ¥ Tl #]

(5% Glucose; 1% Yeast extract)ol]l =23le] 25°CollA 5
ZF B et & colony FHol| T o] SIE FFE 17}
Attt Adst #55 GY FIH|R oA &AM Gy
o2 Al wigste] @Y 475 FHEAT R +5
£ MRS (De Man, Rogosa and Sharpe agar) (BD Difco™,
NJ, USA) iz o] &gy oz JF3 o5 37°C
A 24X17F v Fete] fAktS SEE T g fAE
& MRS AR S o]-g-ske] 37°ColA] 16A17F Wl 3 o]
% A4 HE-2](Combi-514R, Hanil Scientific Inc., Gyeonggi-
do, Korea)sl] FFAIZ] FHE 20% glycerol3} 1:1 H]&
2 Zgs ¢ -80°CollA BTt #E s fFAETot
HwE 98t tEZQ] A= Fdl Aoz 43% L
plantarum (KCTC 3108) (LP)S AEAQAE 2HE EF
ol ALE-stA T,

M2 ISHY 3 Sl S
we) g

okt Gram @4 § 28 W A (BX60,
Olympus, Japan)S ©]-8-3t] YJejhd] 54 &

™ 49F 9] &shE(Y) o8 s ARA U
API® 50 CH test kit (bioMérirux, France)E ©]&3le] =
AbsST.

16S rRNA &7 |MY 24M

23 F2te] 16S rRNA G714 EE EAEF)
(Dagjeon, Korea)ol] 2] =2|3sle] 413} Th Genomic DNA
extraction kit (iNtRON Biotech., Korea)& ©]-83] DNA
& FZ3}3 universal primer?l 27F (5-AGA GTT TGA
TCC TGG CTC AG-3', forward), 1492R (5-GGC TAC
CTT GTT ACG ACT T3/, reverse)S AH&3}e] Solg™
EF-Taqg DNA Polymerase (Solgent Co., Ltd. Deajeon, Korea)
£ ©]&3}o] PCR (polymerase chain reactionyS 433 3151 T}
PCR Z271& 95°CellA 127 & WA -, 45°ColA 127k
primer A3, 72°CollA 1& 30%7F DNA 2o 2 303
HhE -5 AT S¥%E DNAE A7]195 § &l
H DNAE QIAquick Gel Extraction kit (QIAGEN GmbH,
Hilden, Germany)S ©]-83}] A3} t}. 16S rRNA 7]
2]d-& BigDye® Terminator v3.1 Cycle Sequencing Kits}
ABI Prism 3730XL DNA Analyzer (Applied Biosystems,
CA, USA)E AMg3le] ZAA 33 GenBank (http:/www.
ncbi.nlm.nih.gov/) A5 9} v 2s}e] FA4 3T},

LHARS, LHEHSA &
AU E G FARSE A 2 FFAbl dig AEES 8
A3H7] flal 2 E FAFES MRS AA IR E o83k
37°COlA] 24417F gt 5 1537F 4,000 pm o2 U4
2]3Fo] phosphate-buffered saline (PBS, pH 7.0) &9
g3te] 10° CFU/mLe] H%=% F#Rlstdth Wikd=t Ui
F4e Z47F pHE 20, 2.5, 3.0, 5.0, 6.022 %43 PBS
buffer®} bile salt (Sigma, MO, USA)E 0%, 0.3%, 0.5%
7kt MRS Aol fFabtS 1% (viv) &3k Hl
&gk o] ZH7}t 03417 B 0-6417F AHTE A5k A
&L AEET A E fE AR g LPE o
ZAO 7 o] g5 o FUS oA 3Nk AYS R

R R = =T

Yo =g kel 2ol st B2l
Survival rate (%) = (Log CFU + Log CFU,..,) x 100

J

U

23 Akt 23848 5% sheep blood (MBeell, Seoul,
Korea)& 713t MRS HAAE ARE-3te] Eelstdth.
223 §AFS AP AH o 7 makste] 37°Co)| 4] 48-72

SN Z=d Al

GAA A 3t A4S agar-disc diffusion WHOZ 13
Zo] dFsl= FAAE -3 antibiotic-disc (Liofilchem,
Antibiotic disc, Italy): amikacin (AK, 30 pg), ampicillin
(AMP, 10 pg), cephalothin (KF, 30 pg), penicillin (P, 10
IU), chloramphenicol (CI, 30 pg), ciprofloxacin (CIP, 5 pg),

erythromycin (E, 15 pg), gentamicin (CN, 10 pg), kanamycin
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(K, 30 pg), streptomycin (S, 10 pg), tetracycline (TE, 30
pg), sulfamethoxazole with trimethoprim (SXT, 25 pg),
vancomycin (VA, 30 ug)S AHESIA T £33 FAdS
MRS HAA S o] &3te] 37°Coll A 24A17F v Fek &
10° CFU/mL7} ¥ =5 343t MRS FhufAlo] =23
th, 22 919l antibiotic-discE S¥¥ 3L 37°CellA] 24A17F
Hjek 3 7+ Aol thet A eke] = 7]= vernier caliper
(CD-15APX, Mitutoyo Co., Kanazawa, Japan)Z =743}
FAA et g At AE fH fAe
22X iz LPS o]&ste] $dd o= 3ukE A9
< W33

tO |

= —

ASES fFidsls VA ER I8 3 B. cereus (KCTC
1013), E. coli O157:H7 (ATCC 43895), S. typhimurium
(KCTC 2515), S. aureus (KCTC 1621), L. monocytogenes
(KCTC 3569), 5% thgt 2732 paper-disc method
£ o] &3t EElgk fAHFS MRS HAMIA|E o] 83}
of 37°ColA 24 B 48A17F wjkEt F AAEE st Al
S A dS 43 A5 A (Pure-supernatant: PS) Al 52
AR L™ PSE 95°ColA 52 FRALT Fed
(Heat-treated supernatant: HS), PS2] pHE 7.0£03°.% Z
3} 2] 8k A5 9 (Neutralized-supernatant: NS), NSE 95°C
oA 5EZF FHAES 45 H(Neutralized & heat-treated
supernatant: TS)S A Z5te] &AL AT 559
H&]n] A 2L nutrient (BD Difco™) QAR E o] &3}
30°Col A 24A17F v Fst & B. cereus (10° CFU/mL), E.
coli O157:H7 (10° CFU/mL), ZL213L S #yphimurium, S.
aureus, L. monocytogenes (10° CFU/mL)E 4|3} nutrient
Hyh Ao =23 ¥ 8§ mm & A2 paper-disc (Advantec,
Tokyo, Japan)E Y X|3l2L zHzhe] Al&E 60 uL¥ £33}
of 30°CellA 12 % 24X 7F Wl F, s el A5
A ghe] A71E vemier caliper2 SA3IATE A& #
Frato 24 2wl LPE o]§ste] e HoR 3
HHE A S X8 stiTh

oo
]
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2~ (Hydrophobicity) & Aggregation

g5l 4o] thek HE EWH 44X (BATH, bacterial
adhesion to hydrocarbon)Z} aggregation -2 7]& WY
(Collado et al., 2008) <7+ W3t #8319t #a)gt
FArES hETQl LPS MRS AAHIA| & o] &3 37°C
ol Al 24A17F v Fg & AlEElste] 34g #AE PBS
SN0 7 AF 3L UV-Visible spectrophotometer (Optizen
POP, Mecasys Co., Daejeon, Korea)S ©]€3}] 600 nmol|
] OD (Optical density)E 0.62.2 ZA 3 AGHYS FH|
stTh Y AN (A0)S chloroform & xylene (Sigma,
MO, USA)Z z+zt 1:1 ¥ &2 &3 th3 vortex mixer

£ o]&3t oF 307 #ESIA 7L A=A 30, 60,

1208 &< BA S o] = FEAZ(A)S 8T

N(A0)F F2| e 8 AF(A)S 600 nmelA OD
o

| wet gl sk ME B

ol

2 32135}7] 918 auto-aggregation
3} co-aggregation A 71¥ ®¥(Collado et al., 2008)
< oF7 WEgste] HastAh s fAak ozl
LP= MRS HARA| S o]&-Fof 37°Col A 2447k v Ft
& YAt 34 #AE PBS §9 02 AlFsIA
spectrophotometerg ©]-8-3t%] 600 nmoll4] OD7} 1.00] =
L5 243 dgdE FHlskith F0g dEA(BO)yS
4mL FH3atod 1027+ 218eE 7 1.5-2407F =0l x|t
T A54B)° ODE S48t tha A4 ol @} auto-
aggregations AFE3IA T W21l LPE o83t FL 3
o2 3nke A3S K&ttt

12

et

Auto-aggregation (%) =[1 — (B +B0)] x 100

Tk A5ES fFidsle 559 AsrAES nutrient A

HjZ] & o]&-3te] 37°ColA] 24417k vl ket & YA EE] 5t

3|43k Al PBS &Y= AH S spectrophotometer

£ o] &3] 600 nmellA] OD7} 1.00] HEE 233 Jet

ol & ZFH]3}3 T}, auto-aggregation 2 32} FU 3l

fraktat ffsin| =] dgN S F 4mLo]
St 3027 XEHsE 5 AF A7 Z 3

°
o
ok
i

ol =2 7T

R
(CO)TF B T 1524170 B¢t A2oA w3

4
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12 12

< ARtein

Co-aggregation (%) =[1 - (C+ C0)] x 100

SAEA

APAFE AL 3 U olgos AgHon 4
Ase @ EEAdz Adsgn. SANE
statistical package for the social sciences (SPSS ver. 23.0,
IBM SPSS, Armonk, NY, USA)E o] &3l om zt Het
2] felAd Zo]l= ANOVA, Duncan’s multiple range test
2 AR AR S A, p<0.05 FEolA Fre8s 13

s
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Table 1. Biochemical characteristics of Lactobacillus harbinensis VF isolated from fermented vinegar and related strains

Classification KACC 92345P  DSM 16991 SBT 10904 KACC 12409 K.V93.INp  AB 196123
Glycerol - + + - _ _
Erythritol - - - _ - _
D-arabinose - + + W B W
L-arabinose + + + + + +
D-ribose - - - _ - _
D-xylose + - + + - +
L-xylose - - — _ _ _
D-lyxose - — _ _ _ _
D-adonitol - — _ _ _ _
D-arabitol - — _ _ _ _
L-arabitol - — _ _ _ _
Xylitol - - - - - _
Methyl-B-D-xylopyranoside - - + _ _ _
D-Galactose + + + + + +
D-Glucose + + + + + +
D-Fructose + + + T + +
D-Mannose + + + + + +
L-Sorbose - - - — - _
L-Rhamnose - - - - — —
D-Tagatose w + + w - w
D-Fucose - - - - — —
L-Fucose - - + W - W
Dulcitol - - - — — _
Inositol - - - — — _
D-mannitol + - - — - _
D-sorbitol w — _ _ _ _
Amygdalin + + + + + +
Arbutin + + + + + +
Esculin + + + + + T
Salicin + + + + + +
o-Methyl-D-mannopyranoside - - — _ _ _
a-Methyl-D-glucopyranoside + + + + _ +
N-acetyl-glucosamine + + + + + +
Gluconate w w w + + +
2-Keto-gluconate - W W _ _ _
5-Keto-gluconate - + + _ _ _
Cellobiose + + + + + "
Maltose + + + + + n
D-lactose + + + _ + _
Melibiose + + + + + n
Sucrose + + + + + +
Gentiobiose w + + + + +
Trehalose + + + + + +
D-Turanose + + + W _ w
Melezitose + + + + _ T
Raffinose + + + + + +
Starch - - + W — W
Inulin w - - _ _ _
Glycogen - _ _ _ _ _
Growth at 10°C (MRS broth) - - - T _ +
Growth at 15°C - + +

Growth at 20°C + + + +

Growth at 45°C - - — _ _ _
Growth at pH 3 (MRS broth) + + +
Growth at pH 4-8 + + +
Salt tolerance at 3% NaCl + + +
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o] JHIE AYIL o™ API KitE ©]-&ste] &<l
%2 Lactobacillus brevis®| ATt §-2]43L 90.7% 2
shokth BEldh fAkES 16S tRNA 714 E w49

2} L. harbinensis DSM 16991} 99.9% Y X|sl= AL
SR1=o] L harbinensisZ #F ERIEUTE 71E] B
H L. harbinensis®] BEA 543 Asletz EAS vl
3k ZA3K(Table 1), 16S rRNA Q714 Dol 99.9% U x)3H
DSM 16991 (Miyamoto et al, 2005)3= glycerol, D-
arabinose, D-xylose, D-mannitol, D-sorbitol, 5-keto-gluconate,
inulin®l] W8t o]§Fo] & Ao= AU} Egh L
harbinensis= H.31F DSM 16991 ©]£]ol] 4%, SBT 10904
(Miyamoto et al., 2005), KACC12409 (Wu et al., 2014b),
K.V9.3.INp (Delavenne et al., 2013), AB 196123 (Wu et
al, 2014a)°] Aslers 548 wlwgh 43, & AtolA
228t L. harbinensis= D-mannitolZ} D-sorbitol®l] T &+
o]0 2 Ao Z ZIE o Lactobacillus harbinensis
VF (LH)E B335t 5857t Aot2del 7]&ta}3l
THKACC 92345P).

i

ROHE B

Acid tolerance(LHAH)

frako] Z2uto] o gz A o] g3hE Vel 7] fI8)A
Atz fARgE B pHEF EEAtel A AES 4 9
Z1E& FE3took dda 48 A U g fakd
LHS} 23] LPE o= pHel digh yids =
AbeH A3E Table 20 3ttt =20 LP= pH
2.5 o]l A =EE = Al7be] Z7tgel uhet AEEo] v
ol ow pH 2.0 2.5904] 3A1ZF =& o|ste] 7}zh
18.1% 9 65.4%=2 P& AEgo] et 28y pH
3.0 oldelA = A1 mEEH O 95% o]/do] AES=
Ao R I} FAIFANA E2ld L. plantarum MLES
£ pH 2.0 =&% 75 dslo] =& Fase A
02 B S H(Colombo et al., 2018) ©]& 3t A
A% FZFA 23 L plantarum 4552 A=
pH 25914 4A17F =28 o] F AEEC] 0-85%= /N +F

oo

Fo] Aol 7|5tk TE YATH(Tokath et al., 2015).
da| o] rofe] Kefir MZoNA £2I% L. plantarum (D/T)y<
pH 20X = AESHA] XalAAIRE pH 33 494 = Zh7}
85% E 92% ol’de] AJEEo] Holal & WHA(Talib et
al., 2019) Frlole] Braga (BR9)S} water Kefir (CR1)el
A B2E L plantarum®] 73-9-9l= pH 2.5914 A7+ =
Z5%o)E AEE] 91-100%= K% A THAngelescu et
al, 2019). ¥ AFoA #2]3 LHE H5 a2 xeA
L ste] 7|2A o2 e pHoell thek o] =& AL
ASERNSH pH 2.0914 3A17F =2 HAUS o AEE0]
68.9%°1A.2™ pH 2.5 o]l = 95.6% o’ =& A
E&o] 1At Frfyole] water Kefir grain (CR12)
oA EZE L harbinensise pH 2.59141 127} =& =
A5 AEE0] 40% WL E KIS (Angelescu et al.,
2019) ZdlolAlole] Kefir AZANA El¥ L. harbinensis
(A= pH 204 = AE=s8HA] 23RN pH 33 40014 7t
7} 64% 2 92% W9l AEEo] BRI EATKTalib et al.,
2019). T=9 AF FHolAM E2lg L harbinensis M1
pH 3914 3AIZF =58 o] & AEE] 30% TR F
&% Zo2 B IEUTH(Zheng et al., 2020). o|HH {4
o] WA e #58] 5o E AdHAT B A
oA E2lg LHe 71 &% L. harbinensis®| ¥}
Wikgel e 202 I AU

Bile salt tolerance(LHEEA)

E2)8 f4ktel LHYF tix2¢] LP= 954t &
EA| ko] S7ske| met &g o] Fadshs Aol &
HAom LHS LPE 0.5% EFAtlA 6217 =&d
AZEEo] 247} 58.8%S} 74.2%= B2l A tH(Table 3). LH
o] GF At thEk WAL 0.3% FFA I =EA7lo] &
7kl wel thZT2 AFEE LPETE AEE0] Yol &
W 0.5% HEAlE LPEY 28 AESS Holi 9l
AT ol st AL HWFAHQ FASFABAA EE S L

plantarum= 0.3% Bile saltol| A 4A17F =249 o] F AES

O fa 1
b o o

Table 2.Survival rate of L. harbinensis VF (LH) and L. plantarum (LP) under acidic condition from 1 to 3 h in PBS buffer

log CFU/mL at incubation time

Strain pH
Oh 1h 2h 3h

2.0 9.35+0.05¢ 4.07+0.03¢ 2.29+0.12° 1.69+0.09*
2.5 9.38+0.05¢ 8.90+0.03¢ 7.13+0.10° 6.13+0.03*

LP 3.0 9.39+0.03¢ 9.22+0.03° 9.13+0.03" 8.99+0.01°
4.0 9.38+0.07° 9.31+£0.01° 9.18+0.01° 9.124+0.02°
6.5 9.39+0.02° 9.33+0.03" 9.21+0.02* 9.22+0.06*
2.0 9.26+0.02¢ 8.38+0.17° 7.54+0.04° 6.38+0.01*
2.5 9.23+0.09" 9.29+0.28" 9.18+0.05" 8.82+0.08°

LH 3.0 9.29+0.04° 9.24+0.01% 9.19£0.02% 9.144+0.03*
4.0 9.31£0.05 9.29+0.03 9.23+0.03 9.23+0.01
6.5 9.32+0.01° 9.30+0.02* 9.19+0.04° 9.26+0.03°
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Table 3.Survival rate of L. harbinensis VF (LH) and L. plantarum (LP) in MRS medium containing 0.3 & 0.5% bile salt from 1

to 6 h in MRS broth

log CFU/mL at incubation time

Strain Bile salt
Oh 1.5h 3h 4.5h 6h
0.0% 9.31£0.02° 9.40+0.05° 9.29+0.03° 9.31£0.03° 9.31+0.02°
LP 0.3% 9.31+0.02¢ 9.23+0.04¢ 8.93+0.02°¢ 8.70+0.03° 8.24+0.10°
0.5% 9.31+£0.02¢ 8.78+0.04¢ 7.64+0.02¢ 6.27+0.07° 5.45+0.11°
0.0% 9.25+0.02¢ 9.33+0.04¢ 9.45+0.03° 9.55+0.03% 9.56+0.03%
LH 0.3% 9.25+0.02¢ 9.11+0.03¢ 8.49+0.01°¢ 7.90+0.03° 7.24+0.04°
0.5% 9.25+0.02¢ 8.76+0.06¢ 7.73£0.08¢ 7.44+0.08° 6.86+0.07°

o] 45-99%% H.3¥l WA (Tokath et al., 2015) 2o Ao}
9] Kefir AAZolA B2 ¥ L plantarum (D)= 03% 2
0.5% HHFANA 3A17F =Ed o] F 247} 73% B 85%
Wele] fAke A& go] B EJTHTalib et al., 2019). B3
Fulyole] Braga (BR9)9} water Kefir (CR1)OIA E2] &
L. plantarume 0.8% 2 2.0% GFAt 3A17F =&% o|F
AEEo] 61-66%= HIEATHAngelescu et al., 2019).
Fulyole] water Kefir grainol| A 2| ¥ L. harbinensis

(CRI2)= 0.8% F 2.0% EH&2te] 3A17F =29 o]F A
o] 77t 49% 2 45%= HILE A THAngelescu et al.,

2019). =24 0]/\101-9/] Kefir AZNA E2E L. harbinensis
(A)E 03% 2 0.5% FFANA 3A17F =23 olF 70%

FE HEEE Hol YJUTKTalib et al, 2019). 3+H
FAFANA B2 S L. harbinensis MSI33 MSIV2+E= 0.5%
Aol 47 B A9o] AE K] Thh gk
WA 3.0% FEAIM S HOE Zel7t fle JleRE By

F 9 tHColombo et al.,, 2018). ¥ oA £t LHE=
03% 2 05% GEAtoll A 3A7F =EE o] F AEEO|
91.8% % 83.6% FxolAeH 6A17F =EH
78.2% ‘;‘ T AEEo] FRlF o] 7|E] dzl

74.2%
L. harbinensis®l| vlsle] ©F4tel disht WA= ¢

5
ol
o)

gl

Table 4. Antibiotic susceptibility of L. harbinensis VF (LH) and L.

o= Il

Hemolysis(2&4

2824 E& 5% sheep bloodE 3 7}3H MRS 3 IujA] &
o]-§-3f —v*ﬂd LHS}F thx7-21 LPell thete] FHoi 724
27 A #Z3 A3} B y-hemolysis® F¢lE o] £3A
o thgk ek el SR AT

Antibiotic resistance(&HiX| LiA)

AutA © 2 Lactobacilluse TFF3E 3R o tf sk WA
S AY Je Aoz gEA 7] "ol (Danielsen &
Wind, 2003) +2]&F LHeF thz7Q1 LPol st 1359
A S Y3 ZFFAE ZASIATHTable 4). LPE

ciprofloxacin, kanamycin, streptomycin, vancomycin®l| o]

sk do] gl o™ amikacin gentamycin®l] et 7
He wo Aowm solHrd. dhW LHE %01 37

sulfamethoxazole} trimethoprim®] E3Hd A& T 3t
do] gl Aoz F25% o™ amikacin, gentamicin,
kanamycin, vancomycin®| et Aol =2 oz I
A=At o] H gt At Tl o] Ao} Kefir Al S oA F2]E
L. harbinensis$t L. plantarum®] ampicillin, tetracycline,

plantarum (LP)

D+£SD (mm)
Antibiotics
LH LP
AK (Amikacin) 5.29+0.41° 2.51£0.13*
AMP (Ampicillin) 41.8+0.44 35.0+1.14"
KF (Cephalothin) 23.8+0.52" 20.7+0.39°
P (Penicillin) 37.5+0.96 24.8+1.16*
CI (Chloramphenicol) 31.9+0.47¢ 23.9+0.36
CIP (Ciprofloxacin) 23.4+0.30" -
E (Erythromycin) 32.4+0.77¢ 25.3+0.29¢
CN (Gentamicin) 3.35+0.23% 4.42+0.16°
K (Kanamycin) 6.35+0.29° -
S (Streptomycin) 11.4+0.24¢ -
TE (Tetracycline) 36.1+1.14" 13.4+0.26"
SXT (Sulfamethoxazole with Trimethoprim) - 10.6+0.27°
VA (Vancomycin) 2.43£0.73% -
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3 tH(Talib et al.,
L. harbinensis M1= vancomycmoﬂ EHf?} Ade
™ kanamycin¥} streptomycin®l] T 7HpEAdo] e
™ gentamycin, tetracycline, chloramphenicol, ampicillin,
erythromycind] tg =& 743 o2 AES Ho|
3 At (Zheng et al., 2020). FE QAEA HiH
L. harbinensis~= vancomycin, streptomycin, kanamycin,
trimethoprim/sulfamethoxazole®l] ™3t ZrAdo] we wid
erythromycin, tetracycline, ampicillin, chloramphenicol®l] T
gk ol dRlgh 2o g HiEo] B A7 Ae} vy
H= 43S HolA tk(Delavenne et al., 2013). F XA
288 L plantarum3} L. sake= gentamycin®} streptomycin
o ‘:H??} g o] e dtH erythromycin® penicillin®l]
?'z} 4 dYg AoR BIEZE SFATHLee et
2011) Lactobacillus species7} A'd &AA ] ot
HO]‘Jr S N Ao EAOE olsEH & A
oA E2$t LHe= 71 &R L. harbinensis®l H] 3}
FAEAo thgh FHAT S AU e Ao &

A=At
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Antimicrobial activity(Shr&Hd)

223 AELH)Z I 27(LP)S MRS A M)A o] A
24 L 48AIZF viFeE & Al st HAE AAT
SA(PS), pHE F4 XJI’J(NS)WM 7FEA 2 (HS), L] AL
=3t 2 HEA (TS AR E o] 83t 2F5S oF7]s)
= Y u|AE 55 et SFEAHS =43 A3, PSo
A9t S aureuss AL g 452 v E g FFE
Aol 3+ 1&4 A TH(Table 5). &84 54l AH8E PS &
Nl pHE 3.6-3.80.2 frikto] 5ol wpet A= f
714k «]?l g o= AUt ol g A=

o] 83 QAHE Wgox Aete| e & L. harbinensis
K.V9.3.INpE ©|&3le] Ak} tlEo] A= /744
olate] gdo]l B S Eole WS AN A+Aze}
- AFeFA th(Delavenne et al.,, 2013). 523+ L. harbinensis M1

mlru ~N

o 1o y

Table 5. Antimicrobial activities of L. harbinensis VF (LH) and L.

2)zoll M B3t Lactobacillus harbinensis VFS] ZZn[o] Q€2 &4 161

o] PSOA 8. yyphimurium, E. coli O-157, L. monocytogenes
of thet te/do] SR oY S aureusoll A= g
dol FRIHA eethe 2ot dAsHATHZheng et al.,
2020). 3t a3 FNA FE|g L harbinensis CR12:=
B. cereus, L. monocytogenes, E. colio] |3t &dH8/Jo] B
ATA e} AAFAA T S aureusol| TS FaedS o}
2 A= HolT UATHAngelescu et al., 2019). 7 XA
B2 L plantarum™} L. sake= E. coli®} S. typhimurium®l)
gt a&Aide] gl WHH L monocytogenesSt B. cereus
01]*1*‘5 Fegdo] de AR BHAE7|E s THLee et

, 2011). B AFolA Xst L harbinensis VFQ] Skt

242 Aol wt AR T f712HE2 pH)ell

71Q18h= Ao 2 FRIE AT
Cell surface hydrophobicity(_’.\_—T—M)

AEe] A HAALS AlE THo AT X 95k
P AL dow AlxgHe] g DI Aol
ATk LA A K Tulumoglu et al., 2013). ZZH}o] 9 E
22 AREEE A AW FER ol a7 E7] ool
iAo 2 =2 cell surface hydrophobicity®} aggregation
sHol T2 Zo7 d#A AtKLi & So, 2021). T3+ &
sk @)l gk Al 89 A5 Al2eta) FH
A8] okt whgoll o3k Aol ol2idk A TY o
F Ee -2 g8 FF99] aggregationol] FTFS

42 A A tH(Collado et al., 2008). Cell surface
hydrophobicityE xylene3} chloroform< ©]-§-3fo] &7 gk
Az, F2¢k LHE 270 LPo| H|3sked hydrophilicdt
7o g golEUTHTable 6). TEHO|QE AT AR
Lactobacillus 759 W3l xyleneg ©|&3ld FAHE
hydrophobicity= 13.5-67.1%°10 2.1 ©] ZF L. plantarum
Lp-115E 442%% HIHo] ol Aol HFASIATH
(Collado et al., 2008). Lactobacillus 205 ™3} xylene
& o]&3le] B E hydrophobicity’= L. casei 94 (16.9%),
L. plantarum 130 (26.7%), L. 196 (35.8%), L.
plantarum 12 (45.5%)2 A|2)3PA HE 62.6% oo =

casei

plantarum (LP) against pathogens

Pathogen
Strain Culture B. cereus E. coli S. typhimurium S. aureus L. monocytogenes
time (10% (10 (10% (109 (10%

12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h
LH 24 h + + + + ++ + - - ++ ++
48 h ++ ++ ++ ++ ++ + - - ++ ++

Lp 24 h - - + + ++ + - - +++ +++
48 h ++ ++ - - ++ + - - ++ ++

The degree of growth inhibition, expressed (—) represents inhibition zone <8 mm with no clear halo, (+) represents inhibition zone between 8-12 mm,
(++) represents inhibition zone between 12-16 mm, (+++) represents inhibition zone > 16 mm.
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Table 6. Cell surface hydrophobicity of L. harbinensis VF (LH) and L. plantarum (LP) for xylene and chloroform at room

temperature
Hydrophobicity (%
Strain Hydrocarbon - yerop - ty (%) -
30 min 60 min 120 min
Lp Xylene 40.7+0.42° 44.8+1.09° 41.240.84"
Chloroform 60.8+0.17° 57.7+0.08" 49.9£0.17*
LH Xylene 7.25+1.01° 11.7+0.46° 16.7+0.92¢
Chloroform 6.61+0.92* 14.4+0.64° 20.4+0.73°

RIEOH(Tuo et al, 2013), L. plantarum 45 (KLB213,
KLB234, KLB270, KLB296)° t&te] chloroforms ©]-&
ste] 233 hydrophobicity’= 2}2} 90. o, 95.6%. 541%
84.4%2 HIFUTHLI & So, 2021). 3t L. plantarum
(MLE5/MSI2)3} L. harbinensis (MSI3/MSIV2)ell 3}
xyleneg ©]&3}e] E1E hydrophobicity= 22} 97.2-99.5
2} 98.8-96.6%°] 2121 (Collado et al., 2008) XA £
2 et 12%F2] L plantarum®}; L. sake 14 10%5°] n-
hexadecaneS ©]8-3+ hydrophobicity= 100%% 2 R34
ATH(Lee et al., 2011). E@}’“é(%ﬂ%uﬁ)% o] &3t =
A== hydrophobicity= 59 Lactobacillus speciesg} 3t

Hehe Ao 949 540 He A F5e)
E4olm] MEEWS] o] LS F T JYE Uk O

= AE o

Auto-aggregation & co-aggregation

H2]8 LHeF =<1 LPol thalh auto-aggregationS Al
7k 73l wet A& 0w Frkete] 2447 o] Fof| Zbz}
83.8%%} 64.0%= SVt en 559 AF5 f2 fla)r]
A&} co-aggregation Al 2tz 39.0-73.5% H 49.2-
87.6% F=2Z 3l EtHTable 7). Ylair] &3} LHE
co-aggregation 24A|7F o]l B cereus (87.6%), S. aureus
(74.1%), L. monocytogenes (70.5%), E. coli (67.6%), S.

typhimurium (49.2%) ol ow 2+ LPEY =2

7ol gl ). old s A= L. plantarum Lp-1159]
auto-aggregation®] “F-(20°C)ell A1 5.7%(2A17Hel A 44.5%
(4r17hE AlZHE el wet S7Hevhe A3 S aureus
off tigt co-aggregationo] 24A17F o] o) 747%2 F7tgh
g 2329t FAFSFSI tHCollado et al, 2008). i}
Lactobacillus 2059 3 auto-aggregation 37°Coll A 5
]7¥ o] %ol 242-41.4% TFEOE HiH AGHTE B
F0 2 FOlFATKTuo et al., 2013). =3+ L harbinensis
(MSB/MSIVZ) (71.1-78.7%)7} L. plantarum (MLE5/MSI2)
(86.9-91.7%) H.T} auto-aggregation®] T} W& ZAilol=
ko] 7} QAT L. monocytogenes2F2] co-aggregation®l| A &
L. harbinensis (64.0-64.3%)7} L. plantarum (57.8-62.8%)
Bt oA =8 AFAoE dx3AtHColombo et al.,
2018). +2] ¢ LHS Y& hydrophobicity®2 <13} auto-
W2 AR} A S EHJAAIRE 2447 o] Foll =
oo M EZ2] co-aggregation

aggregation®l| A1
LPo} fFAMEE &

N B F2E B
o ok
A4 =
A e A2 RE A ATl =2 fAHe &
gslo] A3lets S 16S rRNA 97149 48 #H)
Al5+e] L. harbinensis VF (KACC 92345P)E &a]-5A4 3}
ATt B Ao e EHE L harbinensis VFo| T}

Table 7. Auto-aggregation of L. harbinensis VF (LH) and L. plantarum (LP) and co-aggregation between pathogens according to

incubation time

Auto-aggregation

Co-aggregation (%)

Strain Time o
(%) B. cereus E. coli S. typhimurium S. aureus L. monocytogenes

1.5 8.54+0.93" 14.3+1.60° 4.85+0.34" 3.09+£1.21° 6.87+0.67° 5.5340.58"

3.0 13.9+0.76" 18.9£0.98" 7.94+1.15° 5.57+0.10" 15.3+1.56" 11.1£0.71°

LP 5.0 18.240.65¢ 26.0+0.88¢ 9.96+0.37¢ 7.36+0.61° 23.542.04¢ 15.8+0.45¢
6.5 20.0+1.13¢ 28.4+0.96° 10.6+0.80¢ 8.44+0.01¢ 26.8+0.97¢ 17.7+0.82¢

24.0 64.0+0.09° 71.3£0.05¢ 53.6+0.05° 39.0+0.20° 73.5+0.05° 62.6:0.06°

1.5 6.72+1.39° 8.92+1.90° 6.37+0.43" 2.28+0.20° 8.13+0.07* 7.20+0.44°

3.0 9.44+0.57° 11.140.44° 9.89+1.22° 4.04+1.06 15.4+0.86° 11.0£0.66"

LH 5.0 15.7+0.89¢ 22.441.15¢ 16.4+0.41¢ 10.240.42¢ 24.0+1.06¢ 19.3+1.26¢
6.5 17.5+0.35¢ 25.6+1.03¢ 12.5+0.33¢ 9.90+1.31¢ 26.9+1.69¢ 21.8+1.03¢

24.0 83.840.10° 87.6+0.11¢ 67.6+0.10° 49.2+0.05¢ 74.1+0.11° 70.5+0.12¢
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Wik, e, 8874, A= tig Wi, -84,
2737} aggregation®] OH% she ZRulo|QE A EAS
BrrstAdh B2 L harbinensis VF= pH 2.03} 2.59]
3AE mEE ol AEEo] A7t 68.9%2) 95.6%0°11°-H
03% B 0.5% FF2lA 347 mEHole AEso] 7
7} 91.8% 2 83.6%=E 71E0| WIE L. harbinensisol] ¥l
sto] w2 WA WEHSAES AU AdTH 5 -
hemolysis® &1=o] & thgt P E FR AT
E—ﬂlﬂ L. harbinensis VF= trimethoprim/sulfamethoxazole
£ A9e 12%9 FAEL tigk WS AYL sl
N2F2 AFEE L plantarum (KCTC 3108)2F 7|0 B
IE L harbinensis 2t} A EH | tste] FHE 9 Ul
S AU AT 229 L harbinensis VF= S, aureus
E AlLIgt B cereus, E. coli O15T:H7, L. monocytogenes,
S. yphimurium, 452 A= U YA E g 3
#&/go] 1= olefgh Ft&/d-S uj gl EA)
st= f714kel 71QlskE Aeg SRl £ 9 L
harbinensis VFO 03} xylene} chloroforms ©]-8-3}<]
=73t hydrophobicity= 1A]7F ¥H&-3F o] & 22 11.7%
2 144%2 NZF L plantarum (44.8% & 57.7%)°l
H|gte] W 23S AYaL AU 2219 L. harbinensis
VF2] auto-aggregation 522 24A|7F o] ¥ 83.8%F Uj
Z79 L. plantarum (64.0%)2.tF =3kom Q3o A E}
9] co-aggregation> B. cereus (87.6%), S. aureus (74.1%),
L. monocytogenes (70.5%), E. coli (67.6%), S. typhimurium
(49.2%) wolew =+ L. plantarumB vt = 733
o] SIHUTH & AFAAENEH YIAZENH 2T
L. harbinensis VF= ZZ2H[O|QE A HF2ZA &8 715
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