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Introduction

Cronobacter sakazakii is an opportunistic pathogen, which has been linked to the contamination of powdered infant
formula, and associated with outbreaks leading to fatalities in neonatal intensive care units. Few studies have explored
the direct interaction between probiotics and C. sakazakii. In this study, the effect of a Lactiplantibacillus plantarum
strain (M17) along with the standard strain Lactobacillus plantarum (ATCC 8014) and the well-characterized probiotic
strain Lactobacillus rhamnosus GG on the adhesion of C. sakazakii to intestinal epithelial cells was analyzed.

Materials and Methods

Acid and bile tolerance of M17 was evaluated in the presence of pepsin and pancreatin. L-arginine hydrolysis was
investigated using an arginine-including medium. Auto-aggregation and co-aggregation assays were performed by
absorbance measurement. Minimum inhibitory concentrations of the antimicrobials recommended by the European
Food Safety Authority were established. Total lactic acid and the ratio of D/L lactate isomers were determined with a
Megazyme enzymatic kit. The ability of the isolate to produce biogenic amines was tested by qualitative and
quantitative monitoring. Hemolysis was assessed phenotypically on MRS agar enriched with sheep blood. The strain
was tested for its capability to adhere to mucin and Caco-2 cells. The antagonistic effects of the strain against C.
sakazakii were further evaluated in vitro on mucin and cultured Caco-2 cells. The LAB strain was added simultaneously
with, before, and after C. sakazakii to Caco-2 cells for competition, exclusion and displacement assays, respectively.
Data analysis was performed in R using one-way analysis of variance, and the experimental groups were compared with
the controls using Tukey’s test. P values <0.05 were considered statistically significant.

Results and Discussion

There was no significant difference in the survival rate of M17 and L. plantarum ATCC 8014 at pH = 4. After 2 h of
incubation at pH = 2.5, the survival rate of L. plantarum ATCC 8014 was estimated to be higher than strain M17, but
this difference was not significant. After 4 hours of incubation at pH = 8, M17 showed a higher survival rate than L.
plantarum ATCC 8014, and this difference was significant after transfer from pH = 4. These results confirm the
appropriate viability of M17 in the gastrointestinal tract. Both M17 and L. plantarum ATCC 8014 developed the color
yellow in the L-arginine hydrolysis assay, which confirms the safety of these strains. The percentage of auto-
aggregation for M17, L. plantarum ATCC 8014, and Lactobacillus rhamnosus LGG was estimated at 24.38, 25.28, and
32 after 6 hours, respectively, and no statistically significant difference between the two isolates were noticed. Given
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the auto-aggregation and co-aggregation parameters of M17, this strain may constitute a defense mechanism against C.
sakazakii. Strain M17 showed resistance to kanamycin and clindamycin antibiotics. With intrinsic resistance, the risk of
transferring resistance genes is not only speculative, but practically impossible. Intrinsic resistance of lactic acid
bacteria may be considered desirable because it ensures their survival when the host is treated with antibiotics. Both D
and L isomers of lactic acid were produced by the studied strains. In humans, D(-)-lactic acidosis is a rare metabolic
complication that has only been reported in individuals with short bowel syndrome). Clinical studies have shown that
the consumption of probiotic bacteria producing D(-)-lactic acid is safe for children and does not cause a long-term
increase in blood D(-)-lactic acid. The reference L. plantarum strain and M17 did not produce biogenic amine
precursors, and had no R-hemolytic activity. Mucin adhesion assay exhibited that M17 has less adhesion (12.10 + 1.14
%) than L. plantarum ATCC 8014 (13.33 + 2.30 %) and LGG (15.93 = 2.06 %) although these differences were not
statistically significant. However, the amount of adhesion for the positive control sample Escherichia coli K12 (25.19 +
4.40 %) was significantly higher than those of the other strains. Compared to the positive control, M17 had a
significantly lower adhesion rate (6.8 + 1.41) to CaCo-2 cells. This value was estimated at 13.77 + 3.53 % for the
reference strain and 21.6 £ 7.54 % for Lactobacillus fermentum PCC (positive control). In antagonistic assays, M17 was
able to reduce the adhesion of C. sakazakii to mucin and CaCo-2 cells in all three methods of exclusion/inhibition,
competition and displacement. Statistical analysis of the results does not show a significant difference between M17 and
LGG. Therefore, the performance of M17 is similar to that of the standard probiotic LGG.

Conclusion

Lactic acid bacteria with acceptable ability to adhere to epithelial cells can be suitable for colonization in the
intestine. They can act as a barrier to fight pathogens through various competitive mechanisms, such as co-aggregation
with pathogens and adhesion. The M17 strain has an acceptable immune profile and probiotic properties because it
shows an acceptable antagonistic activity against C. sakazakii invasion.
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Gis Jate pb WSk slshe b wud w (DPBS)
Fdodee V5 oolisl b oodue (sla waluwlalSY s gl
shw was e X-100 g5 (VIV) ZY Jge L DPBS
ST 3y 32l Gleds gy 51 odlizl b okiws (slaggySL
4 S 0> Sl doyd g & wlS gy MRS
[ oo sl iSL CFU s ) ois adlsl sla oSt lade
(Campana et al., 2017) s )by (oass aslsl sla s xS, CFU

VF) odd Bide dige g ySe V Hlade Lui ilé (VWR)
H-Class  piwsw) UPLC I3l 1 eslazwl b (31,8 Sle a4
S ate (Sl ag il Waters Acquity UPLCTM
Acquity BEH ) ;500 <5 b cyiogil YA+ )3 34335598 4] S
Bub )8 il a5 3 Y0 ) (5505 F/VxV e mm A/Y um L£18
Jels 3y50 (Redruello et al., 2013) Luwg osd ()55 o,
«SisS) gyl oS jl 5 23593 HPLC a5 )3 s ye .5 3
b g0y 5 el oS5 WA L oIkl as ags (Sl
Sy plos b bplSgilos,S i ol p (S lails alSsly)
05t calgol Sl VY Jold) (2 3590 sl S 5 Yo & bogao
BBgp g 10 s 4885 Vo ey (S50 el Y g posigal
(5519 & ascus) Empower jl3le 5 5l oslisl b osel caws 45 cla

(Maller et al., 2020) x5 3JUl

Saiad gas cullad bl

adlllas )90 Sgmgy by Sidgen culled 3905 yolaie 4
Iranian ) cépl Oyge VAFOA skl Glhe ol
als jslae pay (National Standard No. 19459. 2014
5 (ATCC YOANY) ughsl pupSpSohilin] « puphaslss’y
ST i Lo (55 52 (ATCC ANY) 530 ppbalsisY
sl s gy 4 (42 yued> (ShaosS (i3 V) ks (5 (55l
Caslio )yl 5 Lod jd digyly Cijso a4 ey Bud ooy cuisS
L ) oy «g)liSalbe S e bl jl e g (6)liS Ak S
S Bl g3 sla Jsbe ayten 5] ol it lls 32
STy onimdy lis Blad dls dgg 58,5 8wy dj90
sl llaol ol s 1S cunl by g5 jgen g Custe

g 3 (Saisen
G9y 3 omwre 4 8L Jlall (KeSe oy n yolate @
Omwge a5 4 .5 edlitwl (Bengoa et al., 2018)
9 J> PBS jl oslil L yod 3 p 5 Y clale b (15,0 LK)
sSaly a4 Jlal sl gupw g 235 (VY HM) (ygpl 2lid
lSwl, Maxisorp Nunc) s yeol opliel L 4l 45 el
cele 6 Gt 4 by gglate pb 05 3lg o] o (Sldls
¥ oslod o el V8 s g 405SSl oS ol 4o 2 YV slod
P cels ¥ e 4 dioxe (ambsSSl s 0ol )8 oI, il 4>y
» JB Jlail sl = b ud pbgl oS e 40 YV sled
Yoo sloalatwl b cudy coled o dwyp Blis 4 pliel L cul
Cdises 5l i) oo S 0 03ld gutitund Hb 90 PBS il Se
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olel s o3l sl M a5 job e kil L cbSals
Voo dtud g osmelsSl Gl G oloe ogell lp g
& (VA1 CRUMI) M7 Jsbo pmuslymse 31 525 Sen
Celo Y Gae 405 ol a0 VY glod )3 5 1 il b Sals
Jols bl 5 505 42s PBS L 4l 53 acSals 03 435S
g ySao Vv goemme 3 Ll ol Bl i Saly jy 8L a8 W
e dy g dl| (VoA CRUIMI) | STil5Ls 1535, oy ppmnilinsses
plosl S b gy sl ionio e 5 s sl
Vot (STl 5hpig,S” (gmasliwges yidgSua Vee Lol i
ML7 (ypmaslynges b cipnlisS 1 L 5 bll Sty 4 el
Opeilpwge (oyme Sl by ogeil (dly S atad
A 2 S S MIT 5 STl5T 55T, 51 (1)) gl
5 e Jeato clo g 58l 5 0 dians PBS il | ncSals oo
5 Jis a5l A 525 (B )led (010) XoVee g 5 (12934
3 oolizal b 55t e a5 plosl S5 a5 ioxis o

:(Collado et al., 2008b) . apwlxe ¥ Jg0,

(% adherence of pathogen)-(% adherence of pathogen with probiotic)

O
% inhibition = % adherence of pathogen

)
ool Joodi 9 41525

5 4k Sy uilyly 50T 5 plol R i b (gl (gl 3]
e Sogls oy sy (P < +/40) (S5 ogeil o Jis
4505 .cd)S )18 eolawl Dyge (Sdiws yisvaw jd bayless o b
oSy wlivo byl (0 dow iy 4 bgipe glrodly Lo
A5 pbol GraphPad Prism 6 )33le 5 5l eslasl b y5)lsS

=W
S50 93 02l (lulid

ANE poldl osluolsisy 5 MIT alis iy oliee
5158 o823 it Loyl cow atels § jlej alols 5 ATCC
Pls (5153 ol o 1ie o358 eS8y 8,8 J1E Jbj)l 5y50
sl opl (Grodner et al., 2021) syl 5L obj celo £ 4
Sobio S oy daxe b PH 2l 53 Caoglio Jols
MI7 ol Glacs S GaelisSS) 51 il 4l 350 1SSL
23 039y 9 odxe 0y b ATCC ANY 29,3l puplewlsisY
Wl odb 039l VS5

x 100

izl Cuto Jy3S olsis & PCC pgtiand puphlssY dyg0 |
[(Srimahaeak et al., 2021) .

S glos 4 SILSLew il gi g8 (S 31 5 S gla
CaCo-2

bbb 5 cuby Bis Jold (SuS e slagses]
wgw oSl clbsmilivgw a5 plol M17 4w I oolizl
&5 033 g YU > oS yob lon (STl 4iSaig,s s MLT
yod e Y L Caco-2 slaaY 5 bl yg0il (glp 205 4
& PBS b Lo 9 jlond el ¥ ko s M17 ppiliwgus ]
Vol e ol g bed Bls ol g slagSh b ouas
Vol Jobo sbaY s a (STibLe 5liys 5y oo
Okl i 8LsI CO2 70 Ly o8 sl 45 3 YV slos 55 sl
XV gz b g tond PBS b5 0 1Y ln Johas sp0mbs
Sygo 4 okd ) b Jolo wules y3 8 3 (PBS , Z4/0)
CuiS e 4y WAD 38y (Sflsnied Kol Jobee > oy
CRUMI 3l sy camlio cuiS bl 53 5 Jiite ,5T g5l
Ospmilpog (om0 5> gl oldy (g3l (gl 2iad 4l
V5l o )5 )5 MAT 5 STl jisTass, 31 (1) bogbie
S5 02 70 L 5,5 ol 433 TV slod 53 (yombisSl cacl
2 e lB) XYoo g b g ciand PBS L ,L 0 JIY bayY
P Qi Sope a0l 3 sl e a3 ) (PBS
Llud g Jiite ,5T (gols cuiS Lame 4y aind 33, (b
by Gl ad 4sSl CRUIMI 3ylad (sl casbin cosS
$7Sb onl ( Il Ji5leig 5L abule > MIT s (oUlys
TV slod jo celw ¥ s 4 5 8l Caco-2 o Joho &
hato b ol Bl g gtitnd ] ey i 49501 31 5l
TV sl jo cels V) Gl & 5 wdgidl bSaly 4 M17
005 3 sl 5 i BSaly ¢y 505 4983l 31,5 ko
olys & (STibLo ,i5liy oo - plosl s Sl h)led
MI7 wgw 039530 5l dn g S8 5Slgig)S (Stima o gl
25 plosl S5 slez o Glortas g Jits (yge5] dus A dalxs
(Campanacet al., 2017)

et 90 43 (STilsles iSligd g 58 Sassusa 51 (5 S gl
iy g abul> Glee 3 MIT a5 Ul (Db pslate &
Ad odlatwl @y S, L (Collado et al., 2008b) o,
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M17 L. plantarum ATCC 8014
9.0
85 -+ pH25 -« pH25
80 = pH4 8.5- - pH4
£ -+ pH8(25) B -« pH 8 (2.5)
5 3 8.04 * pHB8 (4
E 75 * pH8(4) 5 pH 8 (4)
2 2 7.5
-1 -
7.0 7.04
6.5+ T T T 1 6.5 T T T 1
0 2 4 6 8 0 2 4 6 8
Time (h) Time (h)

Qelw T Sloj duold 45 839, 9 0% by 3 ATCC A+ VE 09, LMy (wsluwliaTy g M1T aylaa yaawlissal 531 65w duwd — Y JSUS
Fig. 1- Effect of incubation of isolate M17 and L. plantarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours

dslw T Sloj dlold 45 839, 9 0ar0 dymd D ATCC A V€ (09 LMy (pwsbwlaSY g M1T sLrwlas Sloddij o> —) Jous
Table 1- Survival percentage of M17 and L. p/antarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours

A g MI7 o0, ldly gl (S (SY ATCC AL og, by LosbuwlsSy
Strain L. plantarum M17 L. plantarum ATCC 8014
pH 2.5 4 8 with 8 with 25 4 8 with 8 with
Y/ ¥ initial pH initial pH 4 Y/ ¥ initial pH initial pH
2.5 ¥ adol pH LA 2.5 4
aJsl pH L A gl pHLA  aJsl pH LA
Y/ Y/ ¥
(cel) oo 2 2 6 2 2 6 6
Time (h)
okjcupe  90.55£1.71 101.7645.22 89.01£6.43 100.91+4.86 95.79+2.67 100.52+2.60 87.86+5.92 88.63+2.32
s abcd a bed abcd abc d cd
(%) sl
Survival
rate

(P < 140) Bl 3 gime AT Cglite (slacudgiy b Cisdy b 55 d9390 slaosls PP zun Jles Blyosl & 85 dw b by iomiw 5Sile ol
The data are represented as the mean + standard deviation with three replicates. a,b,c,d, the data in each row indicate significant
differences with different transcripts (P<0.05)

2 el @b opl () Jgbo) (P < +/+0) 59 Jo gze pH = ¥
Cawl iyleS olSiwd bay) s &y Copd MLT lin Canlio Cogldn
MI7 gl ol oy st 42 35l sdgpae ol
b o)5 5 S5y et b (&S Ghalojl cnl b plsl bl (ol
o S el i 1) el oS jo 8 4 blete (2956
Wgod 93 yo a5 b i adllae ol jd sel Condy @l bl
|y 35 S5y ATCC ANY g iy wslewlaisy o M7 ailis
L};.\ 5 b e L&sd).l’fl.g L}.’.‘ OO L}o.}.l » L;J.ub FUERHAN olis
s £ 55) i LS iy bpyn Sy o]
b IS 30,5 4 blate 26,5 (ATCC YOAYY _ugis/
rosbaolsSY g adllas 3y50 alia (dly Gimgsl 255 wo)
a5 10,5 3y9l el £ 5 an YOIVA o YEIYA i 4 g i

=¥ 53l g ol 45 93 o lp Slo ok Mo yd cn ke

¥ adllas )90 4355 93y 6y (sme gl 3,5 3,91 PH
PH (ol 13 35 (552 iS5 i 5 (P> +/+0) cublis 59 PH =
05j Moy PH = Y/0 15 jauds ddds Vel L (Cdply Oyoo
M17 a3l jiie ATCC ANY g, lidl uslewlsisy o
Gk (P> -[0) 395 Jbiine Sglis cul Jg 135 354l
@dxe 0yud 4 Casglie ygo5l Sl w NAFOR ol Lo 3luskiul
Iranian National ) wsb Vo" 5l e Ll oad (5)led dlass
o SL joas el ¥ 5l L (Standard No. 19459. 2014
slawlasY 51 s YL Sleods; duoyd M1T ailis pH = A
5 ) ey SIS ) &S 5l Lz 1) ATCC AN o i3t
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51 olis LGG g M17 aygu 95 oy csolel 30U (¥Y7) ol s 1,
Ghls M17 ww cplpls (P> +/40) )5 (g bl ls me cglis
LGG »)lubisl dygu b slie il oo g (ingulbos sba Sy

M17 wlis 5 sals dges o 6 (e ©olis (o bl Llsd
o g oiegsl 38 Sbayiell (gwyp (PZe/0) il ey
iSTlaias e 3> M7 g caslio WUl 51 ol g
UGG ppapish stV J Lo {7 Jyiz) edls ,5Ti5Ls
Uik el 353 SUlgr o YL &S 5108 eolawl Cute S ol

il 5351333, U LGG 9 M1T slodsgos sl od g sl 355 20y = Jgi
Table 2- Percentage of auto-aggregation and co-aggregation of M17 and LGG strains with C. sakazakii

Celw T 51 e gl 295

Celw N5l gt (ST Lw J5lgig o574 gl o2

Strain a;gw d i
Auto-aggregation after 6 h (%) Co-aggregation after 6 h (%)
M17 2438 +4.56% 18.09+1.96%
ATCC 8014 20 % phskssy 25.28+4.06 13.22+1.92Y
L. plantarum ATCC 8014
LGG 32.00+1.40¢% 21.71+1.72¢%

P <o) my)ls s ime BB glite slaciudsigy b oy 1o 13 39350 (slaodls W s Hles Gl £ 1SS dw b b ot (1o (poldo
The data are represented as the mean + standard deviation with three replicates. a,b, the data in each row indicate significant
differences with different transcripts (P<0.05).

tog Jlo 2l b s s (2008) EFSA 3g0iy Laugs slecing
395 5l CplellidS g panlablS lacSKSgn 1l > M17
S s Cuoglao

Pl epheslsiSY Sy 035 sy S5 sl i
5 WAR £ +/0) LGG g (cly A/AY £ -/¥) ATCC A-NF
90y bl e 1) 0 £, S VY/OFE AVl M7 wises sy
235 M (op 390 sbdige Ly D SSY sl g4
(¥ Js2)

Sl > @Sl Coglie Dbl slajkas Sloss) 4

B gy ol 5] sl Casod] Bl iy Sl 5 ] 5 oS
e dlse b g o sdg38l (gl (EFSA J 732:1-15) _Sige 5]
European Food Safety ) cosl s sbol gl j3 eslatwl 350
w0l S SSgm Sl (905l sl (2008 Authority
Grealog i)l mlaghy il Oypplolix
ol Sede odlite JSuaellS 5 (Sl 5 ¢ pmnloliils
loase (Sl Casles lp MIC gojl j0lio
¥ odsie 5 end plalell Sgn sl Ve pln > peshesligsY
e 4 Cuns (5508 MIC polis x> po dygw Canl 005 034

Sgu il PMIT g gy 09, osbwlisY S5 S Comluss ()30 comnd - Jgia
Table 3- Antibiotic sensitivity of reference strain L. plantarum and M17
ANTIBIOTIC [MIC (uG/ML)]

g Ot (a0 O ol O ol Cmmntlog i f Ol oSGl JgSidel 5
Strain AMP GEN CAN ERY CLI TET CHL
Jlais! dais 2 16 64 1 2 32 8
*breakpoint
oplolipisY 0.25 <4 64 0.25 1 16 8
paslsdt L.
plantarum
ATCC
14917
M17 0.5 16 128 0.5 4 16 8

ol 04 )] 3,16kl guiile B9 i g, LM yusliwlisSY EFSA 0uds dpogs lao
*Values are according to EFSA recommendations for heterofermentative L. plantarum strains
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M17 g g2 po (sdiged 1y SSE & b Mg SWSY (gl oo € Jou>
Table 4- Lactic acid isomers produced by reference strain and M17

Qg syl S8Y-D S| SSY-L 5 sl S5
Strain D-lactic acid L-lactic acid Total lactic acid
A gL ) pes . oL ) pes oL &) pes
M17 53.70 7.80+0.64 46.30 6.73+0.34 14.54 £ 0.99
ATCCANY 236 pusbksS™Y 1669 0334002 8311 1644029 1974031
L. plantarum ATCC 8014
LGG 12.07 1.67+1.06 87.93 12.30+0.44 13.99 £ 0.51

Jolo b (FIA £1/Y P) (g ta8 (St si0p (g)bsne JS3
G ly e oyl P < +/-0) cub CaCo-2 sla
dgei g (WIW £ YIOY %) g2pe pg)lidl upluolssy
J32) 23,5 3,0 (VVIF & VIO¥ 2) PCC ppiiayd oplolisisy
¢

9 MI7 Somgn slage (Stme (SHBL (o0
wgw Oly 5l Gl ol ale g By Wbl By, 4w LGG
Jobe & (STl 5lsig,S” St (22 )3 adlllae 3)90 (sl
EAYL (SH)b5b o LGG waw (Y Jaia) 25 CaCo-2 sla
O peS 2lbrl ey L MIT agu g ob (L Bl (29, L)
ol @l bl U Jl ol b sl |y LS5k s
W3 es i laSy (SH)1jL by b digw 93 O )1 (e
51kl Sgngp b i M7 5,Skes oo, ol 5 (P > +/-0)
15l LGG

9 MI7 Sompn sbage (Stme SHL (o0
90 sagw Ul ol Al 5 b Glee By 4w > LGG
by e @ (STl ,505ig)5 (Shima al8 > adlas
gw (S me Sglds gl olel JIUT (A Jgi) ol ioles
3y ol 1P > +1+0) 133 oi it LGG 5,lsktl 4500 5 M17
3o LGG 3,5kl Sgugys b altio M17 3 Slas

S apl (gl buy Sojsn clowl Mg
SSgngn lpe @ (e sladgpl ki 5 Cus (gl Cools
D Cate né) e &5 3h ol Uit ol @l e sl
35) KUHB o0l upluolksisy oyl o9o)] gl
Mg) CECT YIVY gy uslwlsSY 5 (bt 018
oslitl Cuto J,mS s 4 adlas oyl 5 45 (el oS
Lo 1> MI7 dgpl g g0 )l uphaolsSY &905 sy
Y JS.8) 253,55 35 1y S o] sl s st

cll 8 an o o M17 ises EFSA eyl bl gillas
55 plblis] e J S Liges & Jlo > widg Silgenly
Sl ol |y Sdgan cold ATCC YOAYY usi,s/

MI7 490 &5 5,5 406 38 (pwge & Jlail (Sse oy 2
skl & G (FAYINe £ AN ) (8 Sty
+ ¥/-52) LGG o (FVY/YY £ Y/¥+ 2) ATCC ANF oyl
Poisme AN ) (o)lol Llsd 5l a8 winym oyls (AV0/AY
S dged 3 (St olie Jb cnl b (P> +/00) dgs
GMis] o)Ll Blod 1 45 155,5 3)5 (YONNA £F/F- D) ot
D Jos) (P < +/40) 3yl ladygus plo b (5> o

@ Sl (Shme (ow)p EFSA el Ll 1 S0 (S
3 U5 905 ol 5l odel Cuwd 4 gl el CaCO-2 (sl Jobu
A Cute JyuS b duslie (o cdllas cpl )d 0dd awyy dlgil &S

O 4 8230 Srdigns g MIT &g (5 ks b2 )3 -0 Jou>
Table 5- Mucin adhesion of M17 and reference strains

ATCC (o5, ldly Lposbewlisisy o biipi!
Strain 49w M17 8014 E. coli
L. plantarum ATCC 8014 K12
(F) e ¢ Sz 1210+ 1.14° 13.3342.30" 2519
Mucin adhesion ' ' ' ' 4.40°

CaCo-2 ladghw 4 g2 0 S 419w 9 MIT dygu (F iy 20 -1 Jgi>
Table 6- Caco-2 adhesion of M17 and reference strains

ATCC 8014 09,ldy wsbwlsSY 050,58 wslwlsSy

Strain a gw
L. plantarum ATCC 8014 L. fermentum PCC

M17

(%) CaCo-2 adhesion (sls Jsko 4 (St 6.8+ 1.41° 13.77£353%® 2167542
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Table 7- Reduction of C. sakazakii adhesion to CaCo-2 cells under the influence of M17 and LGG strains

o¥9)
S5k Exclusion s “"'3"9_)_ _ bl
Antagonism Competition Displacement
method
ab +4.60% b

agu M17 19.10+4.55 1701 9.86+5.22
Strain a +7.412 +5.70%®

LGG 25.61+£5.45 2349 1571

LGG g MI7 slaaygw 553G Covi oo 4 (STilw p5pi5,5 (S Sy (1015 20y A Jgut
Table 8- Reduction of C. sakazakii adhesion to mucin under the influence of M17 and LGG strains

SHy3L o, Sk s, sbuls
Antagonism method INHIBITION COMPETITION DISPLACEMENT
Strain & M17 14.72+7.06 ° 17.31+3.90° 12.44+4.81°
e LGG 2447+281% 35654 6.23° 1753+ 432"
" KUHB Gin s ooslabasSY

Iyeiphans
Py
i hine

e
Lyere 5

m
oo

M17 it

adlllae 3,90 (SBASS ;5 Sfom (Sl Mg oy - S
oa 48,5 5 > o 358 oy & (0mehs o3 4J55) CECT VWYY gy puplealis Y g (st 0335 4d55) KUHB (oinphl pophelsis slogs S
.l
Fig. 2- Production of biogenic amines in the studied species
Lactobacillus parabucheneri KUH8 (histamine producer) and L. brevis CECT 4121 (tyramine producer) were used as positive

controls
Sk 039y 4y 053 B djlu o 3B |y b STgmg o odlsS cw S
4 Coglio il ST 1) 38 Llsd o Hgd s ol )3 iy o PH &S ls sl odns ) g 4 08 1L b Ssmgy
2 b SSamgn (Splie cllad 5 il sl s ey Ko o wiley o) celw ¥ Y e 4 g 23l ol <Y+ b il
Sohio sl (Singhal et al., 2010) cusl S5,L o3, 155 4 B LU Wl wus ) es 4 (Shah and Liong, 2005)
Wt )l See 51 (S e (29)See w5 Il Sl VU7V B Slgi o g8l yto (slocSos olia ol )3 45 cdmdjlgs 5l

Ad yalS 1) A Cee pu cwsl (See 4 (Fontana et al., 2013) Lulyd cpl 3 ol 055 (Barrett et al., 2009) wislay 6.5 il
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SIS sl sl Sh B Sesmss] Casslio
Srdpdeh «Ban 3929 pis | W)le 55 ) lapuslSe 5 cul
‘295 Sl iy 9 Suisndl iledldy oS
a6yl sl SaSY S0 cuoglis (Radulovi¢ et al., 2012)
SIS cilie Slllas by loeljsSid 5 oy pSilSsind o
oSGl 4y cwglie 4 )31 .(Byakika et al., 2020) cuol i
slodgpl > exd ()l L] Caglie nyp @l
Cod Lo aalllas 3590 il Lol el olie Lito b Luploaslaisy
ol 1) Sldlas plo @dlae ool zols s  whas WSOl 5 4
P Sgm bl Caaglie 035l gond odimy lis &S AS e
3o S eolatwl 3l b g U &S cwl G ole el
Cood bl 5 Sllgs €3l Jbo L5 bKgm
Sl B a8 o) 599 oo SIS (Pesavento et al., 2014)
Bl (Koo S 51 4 palio (slocs Sl dpul S5
ool & Jsl a4 pB oS wsl (Sogw Sl Cueglis sl ;
(D Cuwglio b o Jl> op! b (Mathur and Singh, 2005) ausb
Wb gleS 5 ot ol g e & Cangliio glag Jliml s
Jie olsie & (Radulovi¢ et al., 2012) cul Koo e Mas
A bpuslwlsSY Caglie &S ede g
Hummel et al., ) col 515 CransloblS a5le olaas 5655 giel
5 omelellS 4 Sl sl (SSY caglis (2007
Mathara et al., ) cul oids (5,155 55,505 mlie ;5 e lalails”
S 51 4 addllas oyl 3 0nd ) cbdsses s (2008
2 58 S8kl 5 e el cmaleginy] Wile b S
(Abushelaibi et al., 2017) cusl sus [5))55 cpuiiy Slalllao
S Dl g0 Sgngn Sy )Seo )3 (Sigm (B Cunglie
“ondi ) g S oo e ) 3 sl 15 A8l gllas (S
ooy €8 Glhjee & Sloj (> 1) 039y (SUgngySee (b Jols
(Bacha et al., 2010) Ll o bais ol S5gm 51 L
Wlg oo SESY gl Gyl i 2l St slaaiss
DL Seousl) bglsee sl SSY-(-)D el SzSY-(+)L
40w .(Cekola et al., 2015) uius’ Wy apl 5l oS 5 b olsY
D) 1y del SISV L 9 D jogil 93 2 Mg (ol adlllas )90
& ol b Sdglio dlygy o SSY=(-)D josuml (bl p
Cuol 0ad 5155 obeS 035y podiw 4 Mie )3l 5 laid
O3S 13 e ploul b wlilllas (Ewaschuk et al., 2005)
~(F)D oS Mg SSgngn oSl Bpas & a3 LS
(D wae SYeb el el 5 cwl Gt o sl SSY

1- efflux

SaSY dl oL 3l Sy b ol b (LU et al., 2020)
S oS WS e Mg ohio cbSe bV
oilS 1y Ll G o 3 5 038 Sdg)hem |y zgd30 (sglyiuo
» Lo cble 4S5k (Liong and Shah, 2005) ias .
adls ol > (Jose et al., 2015) cusl Z+/¥ o0 andjlg>
Sohio BSe Y gl @lo cuiS lase 3 MLT wlis
O Slered adllas piin zols b adl pl b olis cuoglds
Abushelaibi et ; Jose et al., 2015;Bassyouni et al., 2012)
(al., 2017

S ) i 4 3B 15 Canl (3900 blig slp o)
o5l Wayks pas cplply (Aristoy and Toldra, 2012)
Olgie 4 odlitul 3j50 wte ladgw lp Ol e S
porde (nl ool cul oad Sl by sl Sgngn
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