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Selection and immunomodulatory evaluation of lactic acid bacteria suitable
for use as canine probiotics
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Abstract : This study was conducted to isolate lactic acid bacteria (LAB) from dog intestine and identify potential
probiotic strains for canine use. One hundred and one LAB were isolated from feces of 20 healthy dogs. Acid, bile,
and heat resistance along with adherence to Caco-2 cells and antimicrobial activity against pathogens were examined.
To analyze immunomodulative effects, the production of nitric oxide (NO), TNF-a, and IL-1p was measured using
RAW 264.7 macrophages. Additionally, RAW BLUE cells were used to evaluate nuclear factor-xB (NF-kB) generation.
Ultimately, three strains were selected as canine probiotics and identified as Lactobacillus reuteri L10, Enterococcus
faecium S33, and Bifidobacterium longum B3 by 16S rRNA sequence analysis. The L10 and S33 strains showed
tolerance to pH 2.5 for 2h, 1.0% Oxgall for 2h, and 60°C for 5 min. These strains also had strong antimicrobial
activity against Escherichia coli KCTC 1682, Salmonella Enteritidis KCCM 12021, Staphylococcus aureus KCTC 1621,
and Listeria monocytogenes KCTC 3569. All three strains exerted better immunomodulatory effects than Lactobacillus
rhamnosus GG (LGG), a well-known commercial immunomodulatory strain, based on NO, NF-kB, IL-1p, and TNF-o
production. These results suggested that the three selected strains could serve as canine probiotics.
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A+#A| (probioticsy= URHA O =2 3o {oJgh 28-S 38t
= W= AA e ndEe AR Aodn [13]. ¢

Hhx o 2 AFAE nAEZE ikt (lactic acid bacteria)yS
o] AREElaL dedl, I2FolA Lactobacillus, Enterococcus,
Bifidobacterium 5°] H3EAQ #F2 dHAY. ikt
FEo] A= (intestinal microflora) AENA 73 X}
BAG Alste] Aol F8gk JES ke fs o= &
HR e, dukd oz Ao\ Lactobacillus, Enterococcus
59] EA3 7|4 (facultative anaerobic) F-AHFo], A&
Bifidobacterium3} 72 A’d37]/J(strict anaerobic) Akt
o] $¥Fo= B¥ 3} [20].
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AdAL] AW 78 T3= IA 19 7IFHe=E, 1)
d EHY AS B3 AEEE [33], 2) HMAAe] FEHE
A G AA 3], 3) 5o 2EAE [34], 4 Al
o] 4 A 9 4] oA Zgoltt [4, 31]. o] 2
= AdAls vl E, #7134, oAt Fo 48 ¥ 5
WA, BlERD B] 93, 4l HYws F7F 85 16
= Z4, )M E(macrophage)e] A3 W7
T okt 28] HAEI Y [30].
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Aol H A -8 a4 A sk E4E 7
WA 71, nitric oxide(NO)®F 22 X SA=4ES #H]
Stth, XS tumor necrosis factor-o TNF-a), interleukin-
1B(IL-1PB), interferon-o/P, interleukin-6(IL-6), interleukin-12
(IL-12), interleukin-18(IL-18)3} 72 cytokineS HH|3}¢]
HAA M|Z7F FEA Sl E FoEH HANSS X
A3t [9, 21, 23].

AA AAHCE I AAAE FAtT ol ek A
= tE AEE Hlsl FE5 Adejolx|Rt, bdstar 3y
AE A F Udoe= Y 21843 AE dsEe F
9] Ao "gFo] Hap 2 ARNIETE FUtelaL
[31]. =AM E o}z 7§ As#A| 7ol gt A=
GAlOIA|RE, AtAlel] thet A4S TS ol Zo= o
st} 7He] MHFES FE, AR, AL
Qlol wet Wsteln, F Solds 23tsp|
Ag AT N e FFE ARSSe Flol 7 o]
AR BFatal, sHolM= EX7F B ot
R fEHe] AL A= AR T

mEba 2 AFE Y] AFH FAoIHE A
AL 52121 Lactobacillus, Enterococcus, Bifidobacterium
& #7E wEstal, AdATE Z5eolof & 54 Ak} g
A, A9 A5S T8l N AFA=E AREsh el 7HE A
Gt FARES A Hrlske AS Aol B oR i

&
Mo
-3
=

T oz

xH_..E.. ol died

< oH
2\ =2
28 A 2 RS NAAEe ALgse 0%

& ERA-47R) T, olRAAR-IER) i, A
A(1~6A) erk=lel @Al 20012l friket BElE oA =
2 A3t 32 Pomeranian, Maltese, Shih Tzu, 3

T4 52 MRSt

ZdolA] o] Al e v fE i rectal swabS 5
gl }FHE F, SA O,-free COE XS A7 5l
A9l BBL brain heart infusion(BHI) broth(Becton, Dickinson
and Company, USA)l Yo A7z WA 24ksls
Lactobacillus 28] ¥|x]21 LBSS} MRS, Enterococcus X
e wi=|¢] TATAC, Bifidobacterium A8} wjx]21 BS$} H]
e wjxjel BL wjR|o] ¥FE diluent A(KH,PO, 4.5g,
Na,HPO, 6.0 g, L-cystein - HCI - H,O 0.5g, Tween 80 0.5¢g,
Agar 1.0 /1,000 mL DW)E ARg-ste] zbzh 108 oA 3
Asle] @AY =EE WA= Oifree COE X3HE
steel wool jarolA] 37°C, 48A17F vl FatATt [18, 20, 25].

Ad gl vlde] mRjollA fAkRFe] AP A [k A
sto BL mediumel] AIltHEE F, 37°C, 48A1%F wiSFaRitt.
ke Fege Mitsuoka HHA 238l Lactobacillus, Entero-
coccus, Bifidobacterium®-Z %], 35ttt E2E 54F

& &7] AeollA BL mediumol] AJthste] 37°Col| ®A3}
W, T Agel ARSI (18, 20, 25].

MIHE FF2 =22

e 2 uEsd 43

Wik fAks Adtslr] $lstked BElE Lactobacillus,
Enterococcus 2 Bifidobacteriums L-cysteine(Junsei Chemical,
Japan)©] 0.05% 3 7}9 BHI broth(pH 7.0)0ll HE3lo]
37°CollA 24A17F vlFSIITE. Lactobacillus, Enterococcus,
Bifidobacterium2 pH 259+ pH 3.59] BHI brothell 1%
HESHL, 37°CollA 247 B4t visiAT). o % #e] A
TAFE gl flsted wiYstTE BL mediumol] =23}
of wjeket -, AET H5E WM #FE WS [25].

Wi 458 W8E S SR 03%, 0.5%,
1.0% Oxgall(pH 7.0; Difco, USA)°] #7F&l BHI brothel
FARt W gAS 198 HESkaL 2407 5<% wjgs &, BL
mediumol] =38l vjfste] AES 45 WEEE 45
2 s 25, 27].

ey 43

Wi # WeEEd #4F SolA Add fakts L-
cysteine(Junsei Chemical)®] 0.05% % 7}¥ BHI broth(pH
7.0 HE, WiF F, wFAS 50°C, 60°C, 70°Cel 22t 5
E7F =EA71 & BL mediumol] =23le] 37°Col|lA] 484
ZF g & o] IFE de HE = A

o} [5, 25].

Had JAE AAL

Wt AAES AR f18te] Flemming 5 [12]0]
o5l AFE agar spot assays WH3I ARSI Agar
spot assay®] WUHO 2= Escherichia coli KCTC 1682,
Salmonella Enteritidis KCCM 12021, Staphylococcus aureus
KCTC 1621, Listeria monocytogenes KCTC 35694 2]
4ERE ARSIt 7 W3t -2kt BBL BHI broth
(Becton, Dickinson and Company)ellA] 37°C, 24A|7F vk
sl JFAog ARgsilnh. widE frakt2 WA BHI
agar®ll 2 pL 3E3] spoto] FAEESF 30°C, 244]7F wiF
STk 2 & fakto] wikE BHI agardll, 7mLe BHI
agar(0.7%)°} 3 HWHUFS pouringdte] 30°Collx] 24417
HIFSFAATE. Spot = FAE We] Agke] dort
3mm oY 75 HWdd IA o] de A= Frtsf

Act [8, 12].
Zd 734F A

FARES L-cysteineS 0.05%(w/v)E 718F MRS broth
(Difco) 5 mLoll HE3t] F71H 02 37°C, 24417F v sl
t}h. Caco-2 cell(E=A225-23), tI$H1=1)2 20% inactivated
fecal calf serum(Gibco-BRL, USA)3} 0.2% penicillin/strep-
tomycin(10,000 U/mL, Gibco-BRL)S 37}t DMEM(Gibco-
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BRL)*1A CO, incubator(95% air, 5% CO,)& A}-&3}4
37°CollA] w3kt Caco-2 cell monolayer’t EAE 4-
well chamber slide®] §-2F#(0.5mL; 1.0 x 10°CFU/mL in
PBS)S HE3IAL, 571¢] Caco-2 cell & H#&3F f4kt
o HagS AASAT. Lactococeus lactis NIAI 527
(Meiji, Japan)¥ Lactobacillus acidophilus KCTC 3111<
747 g 2 5 2T FFE AR, 3 248 3
Feez WGt [17, 25].

AT & 759 A9 =4}

A3 g

S| 223 0 2 HE] B2 murine macrophage Al
¥9l RAW 264.7 cell® 10% fetal bovine serumz}, 100
unit/mLe] streptomycin®} penicillin®] 7}E DMEM HIX]|
£ AR83lY 37°C, 5% CO, ZAA w3t NO %
cytokine A/l PIA= FES Lotn 7] fste] ARE-IATh
InvivoGen(USA)2] RAW BLUE cell> nuclear factor-xB
(NF-kBY2 &2A43l7] 93t AEE 99 RAW 264.7 cell
I sdgh 2 wigslAaL, 4~55] At ¥ Zeocin
(InvivoGen) SYAE 28] & AR5} T} Negative control
welloll== PBSE 371813, positive control welloll= PBS9}:
LPS(Sigma, USA)E 100 == 500 ng/mLE F718I9T} [1, 8]

NO 343

NO9| 5%+ Griess reagent system(Promega, USA)
S ARESl ST} 96-well plated] B 50 uLE
231 Griess reagent I(NED solution)s} Griess reagent Il
(Sulfanilamide solutionys FF2E E313F §, A4 10
B2+ W-g-3kal 308 ©Julell microplate reader(Tecan, Austria)
& o]8sted 540 nmellAl SA3I%ATE NO2| FEe obdAt
UJEF9 FFT4(0~100 pM)yS o]-&3k] AXkalT) [8].

IL-18%} TNF-o &%

RAW 264.7 cells 5.0 x 10°cell/mLE HE3F & HET}T
=™ 1.0 x 10'CFU/ML $E= BHe fFAktS E3tsto
48A17F HEGAIZL Fof] mikelS Blreitt. IL-1B9F TNEF-
a A4HEe ELISA kit(eBioscience, USA)E ©]&3f =4
SF3th. Sandwich ELISA W'HS ARSSIoH, 229 e
A zARe] Aol mEk KePsidet. $4 AlE+= microplate
reader(Tecan)S ©]-831%] 450 nm Il 33 vkE =43}
Aok [1, 8.

NF-xB &3

f2F7F NF-xB pathwayE EA3HA|71=A] ER1s17]
#3l] secreted alkaline phosphatase reporter gene®] <F4g
2O =2 transfection®l RAW BLUE cells(InvivoGen)S A&
slaAch. NF-kB Aol pX= F3FS dotrr] $lstd RAW
BLUE cells& 96 well plate®] 7} welld 5.0 x 10°cell/mL
7t HEE EFate] 2417 eFYslet 5, |22 DMEM HY

A2 ZASAT. 1.0 x 10°CFU/ML T2 @ ikt
100 L= #7¥ske], HF 1.0 x 10'CFU/ML =2 w3t
Ak 48A17F wiF T, wige) 20 uLét QUANTI-Blue
(InvivoGen) 200 pLE 37°CollA] 1587F QFAellA WA F T
RE AEE 33 HHEo g 620 nm 3gollA SH3IT [1].

zE Muzo| 53
% XM FFE 16s tRNA sequencing £4(SolGent,
Koreays 53l 5743ttt

of

SHXE|

Aol BAREAL SPSS for Windows(ver. 12.0; SPSS,
USAYS ARSIt el A2 (ANOVA)S 2
I FFHAE Ao, AR HAS 218 Duncan test

(» <0.05)5 AT
2 1

Fie| 22|

< 20v2] ZHe] ERelM ZEE ikt F 10) &5
dom, aFolNA Enterococcus & dF7F 470 SF
(46.5%)= 71 wo| B2EU M, Lactobacillus & dF%
45 FF(44.6%)7F F=EAT. ey BAAENAE FARE
Q1 Bifidobacterium & o YN F58.9%)2 A A
2= THTable 1).

22 2F2 §Y

W

Mol BHozRE HeE F 10U 55 udeE o
A3 AlES A8 A3} Table 19149k 70 Enterococcus
47 #F F 300 E5(68.1%)7F pH 2.5, 2A17FlA Wt
AL eIt 238Y Lactobacillus 4 45 45 5 8
7N F5(17.8%), Bifidobacterium < Y\ 4F 5 N o4
(11.1%)5te] pH 2.5914 WabdS YERITE pH 3.5, 241
Zvoll M= Lactobacillus, Enterococcus, Bifidobacterium <5
M 2 7H7F 12/45(26.7%), 44/47(93.6), 3/9(33.3%)N 4]
Wad AdE vERiSIT

HeEsd

2dE F 000 @3] WEEde SAd A
Bifidobacterium % 1/} #5%0] 1% OxgallolA] APE3H
3, A BE FFE 03%, 0.5%, 1.0% OxgalleA] i
H545 Ui Atk Table 1).

=%
WA WS &5 oA Add fAS dide
2 70°CoA 5E7F WEAdS ERIs A3 Table 19149} 72

©l, Lactobacillus, Enterococcus, Bifidobacterium T+ Z}
Z} 4/8(50%), 19/32(59.4%), 2/4(50%)°] HEAS JeRRS]
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Table 1. The probiotic characteristics of selected lactic acid bacteria from the feces of dogs

Characteristics Lactobacillus Enterococcus Bifidobacterium
Number of isolates (%) 45/101 (44.6) 47/101 (46.5) 9/101 (8.9)
Acid tolerance

pH 2.5,2h 8/45 (17.8) 32/47 (68.1) 1/9 (11.1)

pH 3.5,2h 12/45 (26.7) 44/47 (93.6) 3/9 (33.3)
Bile resistance

0.3%, 2h 45/45 (100.0) 47/47 (100.0) 9/9 (100.0)

0.5%, 2h 45/45 (100.0) 47/47 (100.0) 9/9 (100.0)

1.0%, 2 h 45/45 (100.0) 47/47 (100.0) 8/9 (88.9)
Heat resistance

50°C, 5 min 6/8 (75.0) 31/32 (96.9) 3/4 (75.0)

60°C, 5 min 5/8 (62.5) 28/32 (87.5) 2/4 (50.0)

70°C, 5 min 4/8 (50.0) 19/32 (59.4) 2/4 (50.0)
Antimicrobial activity

Escherichia coli KCTC 1682 7/8 (87.5) 11/12 91.7) 2/4 (50.0)

Salmonella Enteritidis KCCM 12021 8/8 (100.0) 12/12 (100.0) 2/4 (50.0)

Staphylococcus aureus KCTC 1621 6/8 (75.0) 12/12 (100.0) 1/4 (25.0)

Listeria monocytogenes KCTC 3569 6/8 (75.0) 11/12 (91.7) 1/4 (25.0)
Adherence to Caco-2 cell

Negative 5/8 (62.5) 4/12 (33.3) 2/4 (50.0)

Positive 3/8 (37.5) 8/12 (66.7) 2/4 (50.0)

oh. 28y 60°C, 58] v IxE xAdME 2zt 5/
8(62.5%), 28/32(87.5%), 2/4(50%yt AEsh= WEAHS
ERfi2ATt.

YA HAE

WA, WEEA, el 959 fARTE tieR
i

Lactobacillus % 8N @< Salmonella Enteritidis KCCM
120215l thsll 100% 28-S Heplen, vz
HAF 35RO et 75%~87.5%2] =2 IS
ERAIT}. Enterococcus 127Y 4+ Salmonella Enteritidis
KCCM 12021, Staphylococcus aureus KCTC 19164l
el 100% 3tE/ds JERNIAL YrA] 2357 Wedstol o
AT 91.7%°] vt E=& FHEAES VERITE 2
Bifidobacterium < 4 45 4557 WLl Oisl] 25.0%~
50.0%2] ¥lwE v @A nkS YR Ath(Table 1).

& i35 A

Caco-2 celle AFE3H §ARFFS] HAs AxE A3
A3} Table 19142430l Enterococcus 127 45+ % 871
T(66.7%)yF 35S o 7P =& A34E e
Bifidobacterium % 4 5= 50%, Lactobacillus % 87|
o= I #5ute] 725 A4S YR

HYET

®2®  Lactobacillus, Enterococcus, Bifidobacterium 4
7 oA Uik, WeEA, Wed, B oA, 3
Fa5 5ol 7P s A9 #E I oy Adete]
A 120 #FE YR WS TS ST

NO A ZFe] 79 Enterococcus S33dF(6.3 uM/mL),
Lactobacillus L1075(11.6 uM/mL), L315+5(82.8 uM/mL),
Bifidobacterium B3d(5.9 uM/mL)2] NO A o] HAF
2 2t JFH S I Lactobacillus rhamnosus
GG(LGG)2l 2.5 uM/mLETH 21491 F7} Ax= Yeh)
AthFig. 1).

IL-1B &4 A3= Enterococcusd 5o~ S33, S17d4
Fo] Aol WA, LGGHl 2421 7= YeM
A ekt 28y Lactobacillus L10(7.0 pg/mL) <}
Bifidobacterium B3d5+(5.9 pg/mL)= LGGS] 2.4 pg/mL:E

o4 S7F 435 YERIAT

TNF-a. 2843} Enterococcus S33, S17, S45, S36 47}
45 5 LGGY 24.6 pgmLET} foldoz 71 it
Lactobacillus= 47 o5 E5 §92< Z7HE BYoH,
%00 LI0ZF7F 101 pgmLe] 78 =& A3s B
a3 Bifidobacteriumda= B39t B6d-9e] LGGol H]
3 fo149 7 YeERgled, B37F 100.2 pg/mLe] A
e HErIIT

NF-xB 53 84, A24s 4T 121 45 =
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Fig. 1. Nitric oxide (A), IL-1B (B), TNF-a (C) and nuclear factor-xB (D) production by RAW 264.7 and RAW BLUE cells induced
by selected lactic acid bacteria. RAW 264.7 and RAW BLUE cells (5 x 10° cells/mL) were stimulated with probiotic strains or PBS
for 48 h. L100 means LPS at 100 ng/mL. Data are mean + SD values of triplicates. NC; negative control, PBS+L100; positive
control, LGG; Lactobacillus rhamnosus GG, S17-S45; Enterococcus sp., L8-L44; Lactobacillus sp., B1-B9; Bifidobacterium sp.
Different superscript letters (a, b, ¢, d, e, f, and g) indicate statistical differences as determined by ANOVA (p <0.05).

Table 2. Characteristics and Identification of finally selected lactic acid bacteria to use as probiotics for dogs

Characteristics Lactobacillus L10  Enterococcus S33 Bifidobacterium B3
Cell morphology Rod Cocci Y-shape
H resistant pH 2.5,2h + + +
P feststan pH 3.5, 2h + +
0.3%, 2 h + + +
Bile tolerance 0.5%, 2 h + + +
1.0%, 2 h + + +
50°C, 5 min + + +
Heat resistance 60°C, 5 min + + _
70°C, 5 min - + -
Escherichia coli KCTC 1682 + + +
Antimicrobial activi Salmonella Enteritidis KCCM 12021 + + -
ntimicrobial activity Staphylococcus aureus KCTC 1621 + + +
Listeria monocytogenes KCTC 3569 + + -
Adherence to Caco-2 cell + + -
Identification by 16s RNA Lactobacillus reuteri  Enterococcus faecium  Bifidobacterium longum

A 836, B1, B9 3l 455 AL ZE 471 LGG AINE B Lactobacillus 110, Enterococcus S33, Bifido-
o5 vl8] 54 SIS eI bacterium B3°| 3/ 37} AAAZA ] £33 AL
wEtA HAGA S =G 120 &F T 7P 55 S %z FA9 /) AFAE HAEFE AEE A
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AT Adgy 4

= Ak F52 Lactobacillus 110, Enterococcus S33,
Bifidobacterium B3d= 16s tRNA sequence 2] A3}
Lactobacillus reuteri 1.10(99%), Enterococcus faecium S33
(99%), Bifidobacterium longum B3(99%)= 2Vt HF &4
HRom, 2 BHFAZ 5732 Table 20 LERAATE.

|
-

I

2 AFelMe F 20mk] JHe] M fikt 107]
F5 B e, Enterococcus?t 4770 dF(46.5%),
Lactobacillus7t 4571 dF(44.6%)= HHFES X519 oH
Bifidobacterium &2 9 4F2 8.9%° &3t o<k
7o A3= 16S rRNA gene pyrosequencing S AME
sty A7Fe Mol ANAEES B39 S W Bifido-
bacterium & Mo $HFTLE P AEHA Zeve
Handl 5 [14]2] d74d3e}l ARk ok & A= gt
o] Adl oJshd 219l E e E JUAEES &
Agt A3, 135/ fFide] AEFEAew dFE
Lactobacillus, Weissella, Pediococcus < Ali°] +H8FL
P JS RIS AT 2] AR EE FEOIA
= ANEES I8, AR, 2EdA, FH 5 oksk 29l
51

off o3 RIZsHAl Wskelr] wie] AT} A oA &
ol #eRl fFAES TSR AT U= ATA
o7 A AAH R ZHgE v HIuk

AAAE Fofshd 4 919 288 A 7R =
sl ==, AY WA 919 B2 M Aol =&
Rl 'l =EHh w5 A4S K &
AFE AAAS #FE AR flEiAe WA Wakg
I HEFEY 54S ZHFoloF ith [22] ¥ A3 A
Enterococcus 47 &5= pH 2.59014 327 45(68.1%)7}
7Fst W& BAARY, Lactobacillus 457Y 5= 17.8%,
Bifidobacteriume 11.1%%to] WM& yERfo] vz v
< WA #7USs ¢ 5 Aok Strompfova 5 [31]9]
Ao ot RellA g Enterococcus & Al+tol
76~87%7F pH 3.0014 3A1ZF WAH3S Uepileon, 2%
ollX  Enterococcus faecium EF014-T+= =2 WAHd, Ue
8, A W 2 58 B Y] AHAE #5E HA
S Bkl St} fAkFe] 739 2%9] w@EAbel digh v
SRS BAEY JAN [26], B A7 AS EEE
Enterococcus <5, Lactobacillus & 25 1%2] @Al o
3 Wasds Jepih

A e A 1 F 71E o]l Fagh
onz AL #5v #F FAE S8 HEde] 540l
LFET k. FAIENA E2E Lactobacillus®] W84
AT Aah, 60°CoHlM 2A17F, 65°ColA 2587 AYE Aot
RIER O™ [16]. Bifidobacterium < M2 60°C, 527+
WAL A 3109 45 5 /i) dFRte] EAds B
A AR A= ST [28]. & AANM  Entero-

il

i

i

ol mo
Nl

ol
>>‘(_>l

[e]
=

coccus 60°C, S¥H-ollA 87.5%, 70°C, SOl 59.4%7F W
98 HO™, LactobacillusS} Bifidobacteriume *E
#72] 50%7F 70°C, SEollx] WEES Bt
fFakte]l MY dAlsol #gE W2 ATelA Lacto-
bacillus, Enterococcus, Bifidobacterium 2 212 Salmo-
nella Typhimurium, Staphylococcus aureus, Escherichia coli,
Listeria monocytogenes 0l g JAlgo] RIS} [32,
35]. & AgA At WA JAl% A, Enterococcus
o] A% 120 #5 F 10N @57}, Lactobacilluse 871
75 5 IS #5771 471 B 2ol s JAlsS
YEM AT, Bifidobacteriums 4714 HAd E5o] A
Fol e o] ESAIEA &kt ol9f T A=
Enterococcus, Lactobacillus®] *t 273 52 ] Bifidobacterium
o Hsl Hojt Zlew F5Hrh
NO+= L-arginine®] NO synthetase S4ZFEH APAE=
EHE A7 BF EASke BhE SRR, oAllEu
u A Ee] A4S Aslske Aoz dEAT [19, 29]. IL-1B
Ao HFol izl WeRkeS fdshs 271 ¥4 W
a3t i ERARE SFAEY , w3l & 52
At M ENSS FEFITh I UE cytokine}
chemokine®] #H|E =3 W A& S |= &
o} [11, 15]. TNF-o= MF39s S5 28 A 95
e ZE3AY intracellular pathogens JAste] &2
HAAA HellA F et 9FS mzY [10]. o4
cytokine> 2|3 FYJel thal] & W] woj7|He) 7]
slal, FF o S vlole 2 RS2 cytokineo] ©
& X 8E7])% 3} [7]. NF-kBE DNA HALZZo] #ods)
£ o Esbgoln), T3l NF-kBE 954 cytokine -3
7ol o) #odsial 7S wostr] 91§k cytokine AAF
o2 WIS 2He Fa% 98-S s (6] & AF
AXe MollA B2® Lactobacillus, Enterococcus, Bifido-
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