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The aim of this study was to investigate the potential of lactic acid bacteria (LAB) strains as probiotics.
Two strains were isolated from healthy chicken cecum and their acid and bile tolerance, residual organic
acids, antibacterial activity against pathogenic bacteria, and immunomodulation activity were measured.
Identification of the isolated strains was performed using the API 50CHL system and phylogenetic analysis
using 16S rDNA sequencing. The isolates were determined to be Lactobacillus sakei strains. The acid toler-
ance of strains L.2 and L8 was high enough that 75% of the inoculum survived in pH 2 for 2 h. The bile toler-
ance of both strains was observed at a 1% Oxgall concentration in MRS broth. The production of organic
acids (lactic acid and acetic acid) and pH changes during growth were monitored and the maximum con-
centrations were obtained after 48 h of incubation. Culture supernatants of the two LAB strains showed
strong antibacterial activity against pathogenic bacteria. The heat-killed LAB cells also induced high levels
of immune cell proliferation compared with the control, and stimulated IL-6 and TNF-o. production in
mouse macrophages. Therefore, L. sakei strains L2 and L8 can be considered suitable probiotic bacteria.
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ol& HAES Tt [7], AdA=ZA BT Q7] s =
AR AFs BA7tA] =gk, 39 FYWE AAA R
star, YA, FEAS AVl o). wrakA AL AA =
2R E FUWSA 4 aa, FF)ol tiEt WA 3
NSREPAEA s, 999 S5, HY4 AdFA
A5, B2 AYof gt

2} A E (macrophagey= HE2 Q] AFHAMNZZA, A
Woll Wk vpolelAt o B0 ot BAZg-2 o,
oy 2 QIAE YHAAA AW b2 HY7|H=L A
A7l 9L st 8% 12 WA ot} B3 4]
AEE FUE HEa10] ARG AN el 32 AN
2;1/\1 T %;\—L_:,LE_ Eo]__]‘l -]H tch;q]‘?- X]—E“Eﬂ- 2\ o]
T E 3 F L= effector cell2 A 9] 7% £=3H3HTH1T. o]
e AN EZO B SHSHH HEEAHY NEE 4
4= Stk ALl E74Q1(Cytokine)y> A4 2] WO A A& A ofs}
I ATt A ELAE AHEEE dEHldE AHy HY
(innate immunity) ¥ 4% WY (adaptive immunity) &
FolA HAAA 9 FHATE 5taL, 4 Alo| BRI |
d, 2875, 2435, Nz T 9 4%, FAY B4
= FEska R0 Yol tisfiA AAY HAHAE Al
S AT e AT AR FEY cytokineS
IL-1, IL-6, IL-8 (CXCLS), IL-12, TNF-o. (tumor necrosis
factor-a)7} ¢lom, £3] IL-61} TNF-o0= ®Y7]59 $4
gt H =7} "t Renshaws AN Z2RE Eo== IL-6
I} TNF-a.] o] A= "Y7]59 @45 AstE Uet
e Aoz EYrH20].

Kim [12]2 7159 B3N ALE Lactobacilluse THE
S AbEI} Bacillusol] H)3ke] @424 AT} amylase, lipase
%1"\3 o] &435itt B 134G 2, Chesson [24]T} Barrow

1= A9 23p7| ol A QT FAET =AY T A
JWli"ﬂ Fapste 5ol ik Hushgict.

2 AolA= a%E 59 ““7‘*01]/\1 fregt TAF-?F(Lactm
Acid Bacteria)2 £23}9 7l& Ao = Lol
SalmonellaS v]ZE35to] B YA lﬂ E(Antlbmtlc Res1stant
Bacteria)o]l gt 3t EIE AL o] ATFAR o8
s17] 913l 7124 < Aol tigk WA 715l sl
Al st

e Y o
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A2l &g

FAHFY EE)E Yol AE 5 WA 1g F=
HE&ES 10go] BHFE 7He $ A3, 4N 1ml
£ F3) 10° 10, 10" B &2 GAE 343kt 7 54 Y
< 0.1 ml® #3}o MRS (Difco, USA) - LA x| o] &=
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T 5 G718 2 A, 3T°CHA] 4847k ljoFsto] Ztzte)
Hj )| A colonyS A3 514 t).

A9 FH4

weE A2} $4L A8 FHA, e, Askey

e ZAEIRO, 163 1DNA $737 Q71428 24819
o} FEEH e EAL I3 EN 3 FAu|AHo R ARG o
o, A3, 43sad EA FA= API 50 CHL 7]E
(biomerieux, France)E ©]-83}o] 37°Col|A] 48A17t vlj%F &=
AAst B F5e @7192RAE 99 165 rDNA
sequencing2 A AT 452 genomic DNAE Wizard
genomic DNA purification kit (Promega, WI, USA)E ©¢]
£3lo] 2&3}19 1, forward primer= EGE1 (5-AGAGTT
TGATCCTGGCTCAG-3'), reverse primer+ EGE2 (5'-
CTACGGCTACCTTGTTACGA-3)E o] &3l S35}t
PCR 433 ZAL denaturation (94°C, 60%), annealing
(56°C, 60%), elongation (72°C, 60%) A S 403 ¥H& 3t
%, 72°Col A 1027t fA5k¢ith PCR Z3=-2 BigDye
Terminator Cycle Sequencing kit (Applied Biosystems,
CA, USA)2} PRISM 3730XL analyser (Applied Biosystems)
£ 53] 245921, Genbank? databaseo] 2% tf=

S3h 45AE v, BAsen.

J[rn

%’-H‘?l! W= ‘H“”"“ AE
Al@w3E MRS HjZ|of|A] 37°C 48Xt Hj
z‘; M Ao 2 pH 2, 302 ZAE A 2-& HAu)
1x 10" CFU/ml7} § =2 3)4s4t}. 37°Co A 3A|7F
o —;— 2F AFY SZM(sodium phosphate buffer,
0.1M, pH 6.2) 0.2 ZAS A4 02 3|4A7|1 MRS ¥
THfR] oA BteE ST AFAY WA FAbe
1% (w/v) pepsin®] Z3+8 pH 2, 302 2 ¥ MRS A&
o]-&-3to] Al
WEEA A= MRS Hj A o] A 37°C 48A| 7t vl 9F3t A
3 43 1ml& 0%, 0.3%2} 1.0% (wiv)2] oxgallo] EH
MRS HAEHA] 9 mlo] HEtaL, 24Xt & YA +E S4
3tk Ads= MRS 3 ) 7| o A 4847t F-¢F 37°Co]|
v et SAsH4ict.

=z
o
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o

'og-i]-i':l =

3F&A-& Clinical and Laboratory Standards Institute
(CLSI; formerly NCCLS)9] tjA= AP (NCCLS M2-A7,
2000)°l &3t E4skict. EelE f4ES 100 ml9] MRS
HA A o] HF ko] 37°C, 48A17F v FshaL, 1 HfFA S
8,000 x gof| A AHET F #AE AAA dFHL
0.5 N NaOHE AME3le] pHE 7.092 A3 d2+3} pH



G4 =742 Mueller Hinton XA 8 o] Z+ &
9l =% 7} 1.5x% 10° CFU/ml7} HEE dd A
3] T HEE ol &3to
IA A EE O] o2 '3}711 E:‘?SWEP s i Sl
BAIR 60 WAE HiA] ghof] &2 ThEo] ¥l 37°C 327
oAl 18-24A17F v st A E UEtl= 54 A
o 47 @mmyg =939

A Y+ 2 2= Methicillin-resistant S. qureus (MRSA)
ATCC 33592, Staphylococcus aureus ATCC (American
Type Culture Collection) 29213, Vancomycin-resistant
E. faecalis (VRE) ATCC 52199, Bacillus cereus clinical
isolation, FEscherichia coli ATCC 25922, Salmonella
typhimurium ATCC 13311, Salmonella enteritidis ATCC
13076, Salmonella gallinarum KVCC (Korean Veterinary
Culture Collection) BA0700722, Salmonella pullorum

KVCC BA0002509% o]-§-35itt.

A=) A7 mE pH W3, It {714 24

MRS HA| wjx]o] FAtdte HE T Al Ao 0E
pH W3}, gt o] wste} wjfr|7t 5 AAbE = {7149
WIS 0, 12, 24, 36, 48A|7k) Sk

pH ¥3t= 12417t vhe} s fl & F sk #A4 AA &+
pH meter (Horiba, Japan)E& ©]-&3}o A3} ).

v F 717 F AR /714 BAE] 98 HPLCE
AHE-SFATE A4 o AHE-E HPLC system< A5 10 ml
2 %3} filter paper] 913t &, 0.45 um membrane
filter (Agela Technologies Inc., NY, USA)Z 3t ¢ o3}
AT A8 & 87)4F &5 B A& HPLC (Waters Co.,
MA, USA)Z BA35}9 21, ODS column (Reversed-Phase
C18 columns, Prevail Organic Acid, 4.6 X 150 nm, 3 pm,
Alltech Grace Co., USA)S AF&-31ith o] 540 2 0.25 mM
phosphate bufferS AFE35}l0] 1 ml/min®] §& X ANA &
g AASAT, 210 nmol X FHEE S

<

e 371 &%

HY SX a3g gotr 7] 3 o 4 A 2 (macrophage)
o] B4 53} o 44| (macrophage) 2H B #H| B = Alo]E
7F9l interleukin-6 (IL-6)Z} tumor necrosis factor-o
(INF-0)2] A& &34t A FE2 ICR mouseE &
sofeol A Tl 179 ol A8 Bl HSAIT F
Aot B3 ARE A8 AHIES AL, S
Aol Al LEL 20-24°C, A EEL 45.0-55.0%, REL
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200-300 Lux® 12A]7F J¢F7)71 "2 8 243190, &
E4YE ndistn FE&Y YS9 52 (Approval No.
KUTACUC-2013-195)& o] 2a5t9t.

A Y] AFEAE 100 m19] MRS YA 8l ] o] HE3}o
37°C, 48A|ZF vl Fskar, 1 v FAE 8,000 xgofl Al A4 &
2%t T d& #AE PBS (sodium phosphate buffered
saline, pH 7.4)2 23] A|A3 & FAU 3)43}+o] 80°C, 155
ZF 7FE3HaL 8,000 xgol A 1087 A4 E 2] g o5 PBSO
3] Msto] Aqirh.

AN S5 532 Conrad [5]9] B #Fsto] o]
23519t ICR mouse(65F %, female)o] 3% thioglycollate
w2 2 mlE F7o] FALL, 29 & f =8 57 W o4
A|ZE RPMI 1640-FBS medium< ©]-&3}o] 343511 33]
A Fstact. 34 HANEZE 1.0 x 10° cells/ml7} H=E
Y WA E o]&sto] AZFE 2HT F, flat-bottomed
96-well tissue culture plate®] 200 ul& £33}t o] &
5% COy incubatoro] A B} (37°C, 2A]71)3}4] macrophage
monolayerE FAA|7]3, AS5HLE AT & ZF wello
RPMI 1640 medium= 180 wlE £3311l, LAB29} LAB8
9] At AE 20 ulE 7t 37°C, 5% COq incubatoro]]
A 147 wjokslsict. vieF & WST-1(2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
monosodium salt reagent) assayS A|3s}o] thAA|EZL] &

Hro =A43tdnt MZ o 84 FL2 Prists] 9
lipopolysaccharide (LPS, Sigma Co., USA) 10 ug/mlS 9F
A Y RARZ ARG oW, PBSE 24 W& A& (control)
2 Ag s,

QAR AE BES o §3hol AN A AT A
#H E Ao E7FQl IL-63F TNF-0.9] 9] 742 IL-69
TNF-o. ELISA kit (BD Opt EIA, BD Biosciences, USA)
5 olgahgon, ARY QAT tet AEL WS
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ofx gttt

2o pHe tist WAS A A3t LAB 29} LAB 82
pH 3 27 A 95% o] =2 AEE o pH 2
z2A0M e 42 81%<} 5% HEES dt} LAB 179

7<% pH 29} pH 3014 71%, 53%= & ¢ F2 2L B
itk 2919 AL 8] 99 WALLE Bkl A1
3 AT LAB 25 80% o4 AEste] M) B AERS B
o, LAB 172 50% o4 &S BT} 0.3%%}
1.0% (wiv)9] oxgallo] 3 A4 ) BEALS 27
3 52T 25 o0% 0S| HEEE B
TS AEA= o837 feiAe ¥ A
=) %H}‘H of hin[o], &40 9B B 2-347 S
S AEES Hojof Aok A Y WAt 71L& pH 3
oA 2A|17F T YL 7FEF 4= 9l oM [18], 80% ©]Ato]
H =2 AEgolat T 4= Qlrh[2]. Gilliland 5[8] A&
ol A& Aol 7hAord EE ol g H4 2 oxgallol

10

£

I Control

[ pH2

[ pH 2 + pepsin
8 CIpH3

I pH 3 + pepsin

Log CFU/ml

LAB 2 LAB 8 LAB 17

Fig. 1. Acid tolerance of lactic acid bacteria isolated from
chicken cecum.

10

I Control
[CJ03%
1%

Log CFU/ml

LAB 2 LAB 8 LAB 17

Fig. 2. Bile tolerance of lactic acid bacteria isolated from
chicken cecum.
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0.3% ¥ wiR oA 44T 4 gk Hustgoy, 4
Aze o w2 oxgaHO] o5l iz o A AR 4= glojok
3tct. LAB 29} LAB 8= pH 304 3AI7F & 95% oA} A&
25 B om(Fig. 1), 1.0% (w/v)Q] oxgalle] T-1-5 Hj=] o]
*15 S AEES E@(Fig 2) AR o] & 7S &

AUATH LAB 172 £& W 9545 ERAT it ol
‘%*0} 7 AdS A3ysHA] gt

Wi‘ﬂ

AT FHEA AR 55 FLTHEE 085t
9k M2l MRSA, S. aureus, VRE, B. cereus Z1#-&
A Ml E. coli, S. typhimurium, S. enteritidis, S.
gallinarum, S. pullorum & o2 AsYstHTt. LAB 29}
LAB 89 5% 452 d4d o] EHHE B35t
PSS At om(Table 1), o] 2|3t fAto F+
2 {714k IS A, totA g, vhe g 4] 59 B
7]913kHS]. LAB 29} LAB 89| A5 pHE A2 =
st gy 543 21 FHPU7F FYE A gob LAB
29} LAB 89] g+84 B4 f714HS ¢ 4 %l o

A 7
6 B
z s
44
3 T
0 12 24 36 48
Time (h)
B 16

—8— Acetic acid
—O— Lactic acid

Lactic acid, Acetic acid (%)
o

0 12 24 36 48
Time (h)

Fig. 3. Formation of lactic acid and acetic acid LAB2.
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Fig. 4. Formation of lactic acid and acetic acid LABS.

Table 1. Antibacterial activity of LAB2 and 8.

Inhibition zone

Indicator strain (mm, size of clear zone)

LAB 2 LAB 8
Methicillin-resistant S. aureus (MRSA) 19+1.0 23115
Staphylococcus aureus 16+£0.5 17£0.5
Vancomycin-resistant E. faecalis (VRE) ~ 23+0.5 25+0.25
Bacillus cereus 175+075 18%0.5
Escherichia coli 16+£125 17+£15

Table 2. Antibacterial activity of LAB2 and 8 against Salmonella.
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frAbto] AAsHE RAatal 24 59§74k
gL BustT 9 ou(10, 11], SAHFo] A
Lactobacillus Fol| A BAtste= 24 43 Qo=
4 A< outer membrane?] TEIA 2 2§}
Jo| £ = QA sto] FHEH O AAE FH Al

L2 YEHGTH].
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Alte] 7ol b 3t e, pH, {714 B4

LAB22} 89] Ago] e R@ee 24s7] 98l 1242
Az A5 A2istel SEatel ol gatsict. /AR
WAl = AAHFS Salmonella £ HEH #22 o] ¢
to] 8 A A 27 LAB29F LAB8 2= 4847t vl
et Aatol A 7MY =2 FarES B th(Table 2).

B A2 LAB 29 8& MRS YA (pH 6.4)°] FF
8}al pHO| W3S 6A7H M0 2 43 AaH(Fig. 3A, 3A),
HiFAIZE 54 iR Q] pHE &2 A Belor, F
Z pHE ZH7} 4.133} 43502 2A = QchFig. 3A, 4A).

Aol sl wjFAIT o] et FAbE = {74 &
A3}7] 918 HPLCE AHE-3to] 743k A3, acetic acid 2
t} lactic acid®] AJArgFo] =4 yElythFig. 3B, 4B).
Lactic acid®] ZA¥= LAB 2= X1 14.53%, LAB 82
14.89%7A] B om, & £ Lactobacillus plantarum
ATCC 149179] 7% o] A AFZA LA 11.79%F Ho[4]
LAB 29} 82 11 Bt} &2 A3 Bt fAkto] A8t
£ 714 U pHE 2R3 AW nAE 459 H3E &
= deH19], Zl Aol et AFEe Sk, &
&, QL mtaded ofd Y S5 gAHE HAAIA13], AR
A7 R o &Al 83 282 & 4 St

o

(o e

4] A| 2 (macrophage)= HEA Q] AAAHGA|ZZA, A
Woll A&t RS2l gt B4 28-S st Al uj7i4g
HYo] a3 9T @Fots HIAEZRE gA Th25].
AN ZY] 452 LAB 2%} 89 AAAE o] &5t &4
stelon, W2 PBS)T sty 1 A, /M =
L 2% (1% 108 cellsm)E A2 FES o 22 51%, 49% =

Inhibition zone (mm)

Test strain LAB 2 LAB 8
12h 24 h 36 h 48 h 12 h 24 h 36 h 48 h
Salmonella typhimurium 11£05 175%05 21105 21+1.25 11515 17£075 20x1.5 20105
Salmonella enteritidis 12+1.0 145%£10 135105 19+£0.5 125+1.0 175£1.0 18+£0.25 19+£1.0
Salmonella gallinarum 11+£05 19£0.25 20+05 22+0.25 1M+£15 13+£15 19£0.75 21%0.5
Salmonella pullorum 1551025 28+05 30£1.0 325105 185+1.0 29105 29+025 30%0.25
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. 1 x 10°

160 - -
I 1 1x107
. 1 x 10°

140 A
120
100 + —

80

Macrophage activity
(% of control)

60

40 A

20 A

T T
LAB 2 LAB 8 LPS Control

Sample

Fig. 5. Effects of heat-killed LAB 2 and 8 on the proliferation
of macrophage. *p < 0.05.

2500

" . 1 10°
7
T 3 1x 107
2000 N 1 x 10
=1
= 1500
£
jo2}
£
<@
= 1000
500
0- ==

T
LAB 2 LAB 8 LPS Control

Sample

Fig. 6. Effects of heat-killed LAB 2 and 8 on the production of
IL-6 macrophages. **p < 0.01.

4000 - " . 1 x 10°
e 1 1x 107
B 1 x 10°
3000 A
£
>
=
3
W 2000
P4
=
1000 o
0 T T T T
LAB 2 LAB 8 LPS Control
Sample

Fig. 7. Effects of heat-killed LAB 2 and 8 on the production of
TNF-a macrophages. *p < 0.05, **p < 0.01.
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7h &g B 7H w2 F7tAAE BYloH, ole A
Q2L LPS)0] 43% F7IATE B A Boh 25 ¢ £4
ekt th(Fig. 5).

o 2] A| & (macrophage) | Al £H| == FH5A Ao E7}
012 IL-1, IL-6, IL-8 (CXCLS), IL-12, TNF-a.7} 9l thH[22].
o] & f¥F o2 IL-67 TNF-0.& F47] v¢g gutst=
o Al J&F 54H (23], HAAZ+= o5 Aol E7H
o] WAL T8 379 WolE ARy oE FETH15]. 2 4
Toll A= AN Zo LAB 29} 89 AHAAE ©o]-&8te] T4
Az oA A= o] EHE Ato] 71}l IL-67 TNF-08 &
4okt 1 23}, LAB 29} 8 B 5 SAHRZ(PBS)H H|
asto] Abo| BRI WAE F =54 L(Fig. 6, Fig. 7),
TNF-00] AL AFFAIE 1% 10° cells/m]l SE2 AFL o
FAANRFELPS)ETH E2 Aol EF] S Bt

Probiotics®] A 2E Fuller= “FYn|PE #Ho =&
T FF YT A LB E I HA 320 §-83 2
QA S BARFO BN 329 AFAN ARRES
QA 7l ATE Hol& Aokle vAE o2t st et
(7, % 41 33l vAEY FA8EES BAlAE 5
o] A%FX AWE Hof Salminen F& “GFof 23 ¢
FE FeURE B vAEY TR0 E HYE
e A At B5E ZEAFAT. fANEY] ARl E
A2 T8 49 Aol dojuA Xst= FHE AxE
(cytoplasm), Al ZH (cell wall)Zt AMHE (F-714F, BHE| 2] 2
4l F)ol Z3E T fAE O At Al Aolgle A |
AFX9 Ay} vlsithe o8 £30] glem[14, 16], ¥
Aol eFgl AlFoAl= o HASHA AT 5 e A
o] 9it}. LAB 29} LAB 89 A#Al= HAA|ZE 0|83 &
A5 AN ZANA BPE = A EFIY F7HE B3l
Ho =2 35 2o Probiotics? 7FsAS EuT).

olN ofN o

O OF
|

AZyet 2o WA A B3t Lactobacillus sakei LAB 2
9} LAB 89| A2 o]-§Z dotir] 3l 7124 E4
7 HASAY L A P54t LAB 29 LAB 82 =2 YAH4
I YEEAES 7HA L 9o, 12k tAREEQ 714kl 7]
A% FAEAE BTt Salmonella F& HUPYALE ©]
&sto] A FHES YeEtle AE AEE A3t 4847
o2 yggon, ALHE f714F F A4be] PAFE o2
Lactobacillus #F Rt =4 ZAFEQCH In vitro 222 &
olE HYFXaT = AT A2 FA3; Ato] EFLI 9
A Z712 8Relslgith. o|o Lactobacillus sakei LAB 2
9 LAB 82 #-83 AdAZ WML 5= = 422 A7
"ot
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