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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 the auto-aggregation and co-
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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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Caco-2 sa ¥ s ogb Las pH VY £ /¥ b ad adlsl jlog
b wad s (DPBS) Dulbecco clawd 8l (Sod Jole
S puphaolgSTY g Kigh Bl Juate pé 2L Sk sla ol
o5y (VIV) 73 Jslbre L DPBS il Lo V I edlatsl b odpnns
UP9) 51 ealawwl L odiom> (gl g Sl slaay Sus s X-100
Loy Gygo 4 @l g oms MRS BT (g) ol (byled
Loyd) oad ALl slag Sl jlde 4y Cud ol slags ST
M5 ol (e a8Ls! gl xSL CFU [ asums slas 8L CFU
G PCC p4iio)8 yugluwlsisy 45w 3| (Campana et al., 2017)
.(Srimahaeak et al., 2021) .5 ool oo S lgis

slad slos a3 (Slsle yisligd g 55 (Sassua ) 5 ;S ol
CaCo-2
o3l b obuls o culsy wiis Joli SuiS o cslo g0l
9 MI7 a5 2L ySL slaggrailige 4 ploxl MIT 490
WA A b 03 rosgr Y g3 &S jobo led STl Lo ji5Tgig S
Il e VL Caco2 slaa¥ S Bls yge)l lp
&ty PBS b g g jled cel V Gde &y M17 (ygumibawgus
ol Juo Vel yo pl 40 Mg BBl odiwe e sl iSLL LA
Glod p el ¥l Jobo sV S5 4 STl Lo 557,573
Jobe cyombioSSl LY .05 48l CO2 70 b o), 5 b 45,5 YV
(PBS 3 Z4+/0) X=V++ g5 b g ctws PBSL L0 JIY b
Jsloee > Jbpw g0 4 0ad ) o Jobo cules ) i 3
2 5 Jatie 5T sglo S o 4y 505 38 (Si5lgeed (S
Sl Bad asssl CFUMI 3les (dly conbio cutS Laslyis
() bl Gpmilg (om0 > sks «old) (90
O9eloSSl asloo ¥l g 2i8)S 1S MLT 5 STils s yiSThgig s
Lok JIY baY <6 CO2 70 L ol ko s )3 YV clos 5
O D505 30 (PBS 53 Z+/0) X=Ve o 95 b g eituns PBS
b 4 6ad (33) Gl ) by ©)g0 4 0ad 5 sl Jshe
oled (ly canlio cutS Lalpd 3 g e HBT gols cuiS

gl Wad ooy S sl a9 4 (48> (S lihwsS (5>
Obb 3l e 9 IS ABRe S caslio Ll g Lo )3 dig)ly &9 4
ol Glas dls dgvs 5 5 beul (g liSalbe,S ci
W) )18 oy 2y90 b IS SLE > (Sg3 slasle Sg)a
&S Cuwl by £95 g 5 Cute yiiSTg oaimd Lis CBlad dla g5

ol gllaols ool Hlas Sl

(ruge 43 (Sasun
9y S omege 4 St Jlal (SSe qw)p polate
Cpwge paie S5 4 .05 ool (Bengoa et al., 2018)
5 J> PBS jl oslizal b i) 3 o8 ¥ clale b (S4,0] doSw)
SlocSaly & JLail Gl g 5 255 (+/7Y M) (gl il
@l Suly Maxisorp Nunc) s el o pliel L Gl 48 el
2 cels G e 4l elaie s 13,8 3)ls ol )3 (Sl
¥ slod o el Vw5 435501 01,8 5l a0 VY gled
Glod > el ¥ Cde 4 dime aali STl b 00l 41,8 515 5l
b JB el gl e b s plool o] )5 ol a0 YY
g Sae Vool odlail b culy ccules ) wday Blas 4 o) plia]
CuiS (658 sladiges g o S§ .0 00l gutiiun Jb 50 PBS
438> 0 o 4 2T Bl ax > Ve 3 g Voo XQ 40 odd ol
5 031 guiins PBS Jglomo b )l 9 o LSUis ¢y g ¢jgats il
o3litul b o 5 2355 > PBS Jslows 2 (oo ) 13 (555 <y
» b ysh cble OD =00+ nM )5 5 (5 ptegbsiSenl (s,
3 s sSee Voo Grps 03,5 oalald (25 oy S5 sy V-
Celo ¥ Gae 4 e 35 S bSaly 4 555 p» Jole
Lok s bsaly b (o)l8 4SSl o5 sle 45,0 YV gled
CxSL L A odld g PBS Jolowo iy Sio Voo 5l ooliul
Yl ySuo Cumygd Ngd Bl Culy Wl 00,5 Iy Jlasl &5 o
iy ocSaly > gl 2 e & e L, X100 (505 ol §
SHSLL 00,8 4SSl ol )8 ol dajd VY 2 adda Ve do dy g M
25 b Sely el 1lgSie so bigd Al end Jate (gla
wgw 545 ool cuiS BT MRS el (go) 9 5 38, PBS
CutS glalase b o3litel Coute J S leie 4 K12 U5 Lus s/
O 9 DD 00l cusS oS e dayd ¥ p0 el FA e

L85 Oyge SIS h)led

Caco-2 slad gl 4o (Saiscua

Glee JWb gl sl & MI7 wly Siwe gl
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0525 93 5l oy Jeate slacs Bl g oAb aiud PBS L
2 st by Jite (e o b ads (Fe1) X\
A5 dgolone ¥ Jgo,8 jloalatul b ()39l sloe 203 g ploxil )15 4w

:(Collado et al., 2008b)

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

% adherence of pathogen B

% inhibition =

)
Solol Jualosi g 4329

54,k Sy uilly 5T s ol R i b gyl (sl
e SRl sy sl (P < +1-0) (S5 oseil o] J> &y
225 28)5 )15 oliul 3)90 (St Giovie ) bylas o )
UlsS ol aylitio Lol 1 30 g (sliy 4 bgyyo (slmodls il o
A5 plosl GraphPad Prism 6 158l 5 5 ealawl b

=W
S99 0ol lulid

ATCC ANE pg LM osleaobisisY s MAT dylas (gl o)5eo
390 o)leS olKwd wlde ylyd cod aiele £ oy aols yo
5 4y il 3 )lsS oSz 3 lié a3 oS > 18,5 1E ;)
Jols 905l oyl (Grodner et al., 2021) 5> 5l loj ceelus
5 Sshie LS (pmy dae ol PH ply p Coglie
s M7 alir (glac ySl (ygumlisSl 31 il dad D92 031,54
S5 53 0395 9 00 005 L ATCC AN 109, L puglewliy sy
Wl 025 03] )

M17
8.5
« pH25
- pH4
8.0
= » pH 8 (4)
§ 35 p (4)
70
6.5+ Y T T 1
2 4 6 8
Time (h)

el 3 M7 ayge Uls i) el s 453l CFU/MI
5 ] Caco2 (sloJobo & (6351 ol (STi5Tr 135033,
Sl b eSSl oS le as 3 YV gloy o el ¥ o 4
g 03953 bSaly & M17 (Juate 8 (slagjoily Sdo g guitants
o A5 9SSl oS il dayd VY slod jo celo ) e
b plol b Sl 5led o 503 3 b Jsbe 5 cdiend acSals
PSS (St o Ol plyie 4 (STiblo 5T9is)5 oe
2 5 St yge5l s b dpsls MIT7 45 (9381 5l ans g Ji3

(Campana et al., 2017) . pbx! S5 )l 5o iomiuw

e 90 43 (S5l Ji5Li 43 5,5 (Sass 5 5 58 ol
) g abulr ole 1> MIT a5 Ul (b)) pslate &
Sals . odlaiwl @l s S0 b (Collado et al., 2008b) s,
D15 ole] s o3l gt MB a4 psb oled bl L sl
3 g ySee Voo ot g (igmslisSl 1 e olee el ol
6l lacSaly 4 (V-A)-Y CFUMMI) M17 ol ypamilissus
Saly b 46S5] el ) o 4y 31,5 8le a2 YV glod 43 9
Saly 3 3l &S 15 Lol luebl 5 505 4 PBS Ll o s
Ogeilowgw Jidg S Vv ggorme ) il aaile (Bl b
Celo )V Sde 4y 5 Bl (VA CRUIMI 5Tl isTgig s
Voo Lol e plsl Sl 8 b, cmlomls Lyiomius (s i s
& ol \ o & STl 55T, gl il S
1 s M7 pgiliasgen by 3mslisSSl 51 b g cadls] Sl
(V) bglso (ygpmiliugu (5520 53 Saly «uB) (y05] &y
L Sl o)lge ooled j3 8, )5 M7 o STi5Lo o5Taig 5

L. plantarum ATCC 8014

8.0
- pHZ5

8.5 . pH4
i - pH 8 (2.5)
E 8.0 - pH 8 (4)
=4

7.5
g

7.0

6.5+ T T T 1

0 2 4 6 ]
Time (h)

Gielw T Sloj dlold 43639, g 0uro a3 ATCC A+ VE 09, Lidly LpwslawliniSy g MIT dglan (yaammwlioSSl 51 g5l dmd =Y JSUS
Fig. 1. Effect of incubation of isolate M17 and L. plantarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours
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Gelw T Sloj dold 43639, 9 0ur0 0w D ATCC A+ V€ 09, Uiy LpwsbuwlsSY g M1T sraslan Sloosij duoyd —) Jouaa
Table 1- Survival percentage of M17 and L. plantarum ATCC 8014 in simulated gastric and intestinal juice for 6 hours

dogw ML7 o9, ld posbawls (S (Y ATCC ANE 0,0y posbuwlssSy
Strain L. plantarum M17 L. plantarum ATCC 8014
pH 2.5 4 8 with initial 2.5 4 8 with 8 with
pH2.5 initial pH 4 initial pH initial pH
ol PHLA v Ly lpH LA 25 4
Y/ adgpHULA  adglpH LA
Yo ¥
Time .b; 2 2 6 2 2 6 6
(h)
odjcupe  90.55+1.71 101.76+5.22 89.01+6.43 100.91+4.86 95.79+2.67 100.52+2.60 87.86+5.92 88.63+2.32
7 . abcd a bed abed abc d cd
(%) sl
Survival
rate

(P < o) Wyl o i W] caglite (glacudgioy b ciudy ya 0 35390 (slaodls AP yizun Lao ol £ 1S5 ds b L yioxin (pSibie ¢p3lie
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)

9 M17 wlis dges 95 yo a5 5 Lis aulllas ol )3 odal Cows
o woly ol 1y 5y) Koy ATCC ANF g liidl poslelsisyY
S5y oialejl ol 2 dlioe s 1Sl cnl g el 2 sl
VOAVY yoglsl posSpSphslio] (5 ySL) cuto 38 igas & bgyye
b S5 job 4 Jlate (2l (ATCC

rosbalsSY g adllas 3y50 lix ly Glagsl 595 a0
5148 05,5 5yl el £ 5l aw YOIVA g YEIYA G5 4 o LM
3959 M17 s g dali diged oy ()b sxe Solas (g)bl Llsd
iegsl wh g Giagsl 33 lajiell (g (P>1/00) cusly
Cudls ST Lo yi5Tgia o e y3 MAT &g i 3 blgs 51 L
S Olsie 4 LG (pupusisl posholyisY 31 Lo (Y Jyio)
A s 1y il 595 aUlg VL & 023, soliul ko
e gl 5| i LGG 9 M7 dygu 95 oy cslel LT (1Y7)
S Sy s M17 gw cplpls (P> +/+0) 3)lu )bl
Lol LGG 5 jlubi] g b dsliio yimngul ob g ingiilogs

=¥ 0 sl g bl 45 90 b (gl Glo o Mo pd iy
¥ 3 adlllas )90 465 93 w6y (dme Cogld5 13,5 541, PH
PH (ol ) 58 Sy o> 9 (P> +/+0) el dgp9 pH =
ML7 sy | yie ATCC ANY 29,3l yuplwlsSY Glo
3yl8kiwl o (P> +/+0) 295 )l xe ciglis oyl Jg 13,5 3yl
u»)lo.w i codno o).u.u LY w5l.o..o U?“’)T )I = AR AR u‘).sl L5L°
Iranian National Standard No. ) usb Vo7 5l 268" L5 o
Gl PH=A xSt jeas celo ¥ 5l w (19459. 2014
poplidl osleoksSY J1 g3V Sleoksy oy MIT7
PH =¥ 5l Jsl 51w S pl o ol ol |) ATCC A NY
Caglio p sl @l cpl () Jois) (P < +/+0) 340 o sime
ol (5165 0l&id byl yid 4y s MLT il Canlio
MI7 slir sl o)yt pskito 4 53)1= 1 dgriem (taloj]
PO 0,5 5 5y i b S Silol ol 0 plosl ol (s
@ led o SuSE yaul i 1) eal o S 508 4 ilate

T 55353, G LGG 5 MIT lbaygun ol o gl 355 0,3 =Y Jga
Table 2- Percentage of auto-aggregation and co-aggregation of M17 and LGG strains with C. sakazakii

el 51 e gl 295

sl N5 gy FTiB L S 5lgig 5 gl o2

Strain 4 gw d ]
Auto-aggregation after 6 h (%) Co-aggregation after 6 h (%)
M17 2438 +£4.562 18.09+1.96¢2
ATCC 8014 25,3 el 25.28 +4.06 13.22+1.92°
L. plantarum ATCC 8014
LGG 32.00+1.40¢% 21.71+1.72¢%

(P < 100) 3l s e 3B glite (slacubigioy b (ygtw yn 53 d93ge (slaosh PP i jlas CBlysul £ ST d b la iomie Sl ¢plie
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).
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EFSA ssaip, b (olgidn Mis & Cous (5y2a85 MIC
loSsn 5l il 5 ML7 dype b ol b 3l ol (2008)
Sy L Ceoglio 35 3l punloliidS 5 s LIS

ANY gy Dl uplewlisis™Y gy 005 )55 S8V il oo
ly 9 WAL £ /D) LGG 45w sly MAY £ +/¥Y ATCC
Saol £95 93 5B ASb g0 yid )d £ S VF/OFE <AVl M1T &g
(F J5i) 3555 455 (oo 2350 (slotiges o L 9 D SsY

Sl @byl Coglie Gl slajlre Gluyiy

Bl gy ol 5l ol cuoal Bl jla Sllges o Gl )0 S50
23 Slga b g b o933l (¢l (EFSA J 732:1-15)  Sigm il
European Food Safety ) cusl sad dbol ply )3 eslatwl 5)g0
e o0l S SSgm 3l (905l lp (2008 Authority
MIC (9051 polie guls .09 o ool JSuibel JS g ¢ plSoll 5
Ve 2l 3 slligiSY (slasge (Seise 5l Sl
p3lie 23 1o dygar ol 05 03,91 ¥ Jgan )3 0l ialejl Kgw

Signi gl plp P MIT g @ g0 09, lidly pupbearlisSY G5 5 Comlis (50 comed Y Jg>
Table 3- Antibiotic sensitivity of reference strain L. plantarum and M17
ANTIBIOTIC [MIC (uG/ML)]

wgw Ot (0! Ot ol O bl Camilog iz ! OmlolilS SOl JeSel S
Strain AMP GEN CAN ERY CLI TET CHL
Jlais abais 2 16 64 1 2 32 8
*breakpoint
oslslssY 0.25 <4 64 0.25 1 16 8
ol L.
plantarum
ATCC
14917
M17 0.5 16 128 0.5 4 16 8

ol 0 1)) 316kl guiile by gt o, i yusliwlsSYEFSA ouds apogs pdldo #
*Values are according to EFSA recommendations for heterofermentative L. plantarum strains

M17 g g po sLAiged (5l SSE &y 0 wdgi SESY sbaww! Jlude -£ Joua
Table 4- Lactic acid isomers produced by reference strain and M17

Q9w ! S5Y-D S| SESY-L S5 sl S5y
Strain D-lactic acid L-lactic acid Total lactic acid
. gL pes L gL 2 pes oL 2 pes
M17 53.70 7.80+0.64 46.30 6.73+0.34 14.54 + 0.99
ATCCANY o)l pushelsTY 1609 0334002 8311 1644029 1974031
L. plantarum ATCC 8014
LGG 1207 167+1.06 87.93 12.30+0.44 13.99 + 0.51

s 136 x>0 9 M17 diges EFSA iayl bl 3illas
5P pllis] Sa JiS Kges o Jlo 3 idg Slgenlty
S s 1y (Sidgen cullid ATCC YOAYY ugt)s/

ML7 a9 o5 3,5 408 35 (pwge & JLail (SS90 (o)
skl & s (YN £ VN P) (8 Stipy
£ ¥/:52) LGG o (AVWIYY £ Y/¥+2) ATCC ANF p,l5),
D395 I3 sime AW ] ()bl Llsd 51 4 s ya ool (£ V0/AY
) Cute JS iged 3 (St i o Jb onl L (P> +/-0)
b sy sime B! g)lol Llod 5l a8 053,5 3,91 0 (YO/VA /¥
D Jodz) (P < +/+0) 2 baaygus b

Copols S8V dl (5oL by S slocss! g
el Ssmon olpie & hie gladlgnl kS Cuns (asllae
0905l gls b Cute o8y e oS b Ll sy oyl ol e
35 35) KUHB copphl ushalsisY losssl
0dS AJy) CECT ¥yvy oy UU}L.WL},J/Y 9 (umL.a.w&s
Wged W ool Cote J S ol 4 dalllas opl 45 &S (u,..pl)...:
Ol a8 oo )> M1T gl g a2 jo 2g) LMl pushanlssY
¥ J58) 03,85 55 |y S el sl
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by Y LS5,155k by LGG dgus (¥ Jgis) 55 CaCo-2
(P> efe0) sy o Ui sl (SH)I5L hay b drgw 93
b e LGG 3,1kl SiSpmgys b aolite M1T 3,Skes o5 ! 5
LGG y M17 Sgmgn slodigmw (Stismer (S9,15k (o)
adllas )50 gladgu SUlG ol wls g <o) Gles B9y dw
2 pialed 1) cpwge & (ST ,i5T1aig,5" (Saims (als )
Q9w s M17 d90 (0 ()3 sime S5 bt gylal LT (A Jgia)
M17 5,Slac cgy cpl 1 (P> +/+0) am3pab i LGG 3Ll
silo LGG 5)linl Sifgurgys b olite

@ 8L (St ooy p EFSA ol Sl 51 S0 (S
3 Ui 905 cpl 5l edel Cawd 4 guls .ol CaCO-2 (sl Jobu
4 Cute JyuS b duslio > cadllas pl )3 0dd Ly dgpl oS
Jsko b (FIA £ VEY P) (gyia8 (S s0)d (g)ine S
Ggad glp lade pl (P < +[e0) cusb CaCo-2 sl
Ggai g (WY £ YOV ®) qaye pg it uslulssY
J9a) 3,5 354l (VV/E £ VIOF?) PCC ppita)s uslawlsisy
i
LGG s M17 Signg slodgu (Sdismer (S35)135L (o)
dy50 Sldrgw olgi Jl Ui ol ale 5 o) (Blo ) aw
Slodsko & Tl TS S inlS > adles

Crwgo 4 82 50 Srdigw 9 M7 digaw (Sdipusr 2o )d -0 Joi
Table 5- Mucin adhesion of M17 and reference strains

Strain age M17 ATCC 8014 05, iy  posbawlisiSy A L
i L. plantarum ATCC 8014 E. coli K12
7y - ..
(%) Opege & (St 1210+ 1.14 13.33+£2.30° 25.19 + 4.402

Mucin adhesion

CaCo-2 gladghw 4 22 0 S asgm 9 MI7 g (Tt 2003 -1 Jos>
Table 6- Caco-2 adhesion of M17 and reference strains

Strain & gw M17

ATCC 8014 09, Lidly (poplewlislSy  o5iio p8 poghanlisisy

L. plantarum ATCC 8014 L. fermentum PCC

(%) CaCo-2 adhesion s Jobs 4 Sxws 6.8+1.41°0

13.77 £3.53 216+754¢2

LGG g M17 sl gu 5l co CaCo-2 gl ohw a3 (576l 25lgig o5 St Lidl muopd - Jgao
Table 7- Reduction of C. sakazakii adhesion to CaCo-2 cells under the influence of M17 and LGG strains

oY
Sk Exclusion s C"*B_)_ _ el
Antagonism Competition  Displacement
method
ab
M17 19.10 +4.55® 460 9.86 +5.22°
&g 17.21
Strain a +7.412 +5.70%®
LGG 25.61+5.45 2342 1571

LGG g M17 slaasgus U COT g &1 (STl 555035 Sy (305 203 A Jgoo
Table 8- Reduction of C. sakazakii adhesion to mucin under the influence of M17 and LGG strains

S 105L ey Sk i, bl
Antagonism method Inhibition Competition Displacement
M17 1472+7.06° 17.31+3.90° 1244+4.81°
Strain
LGG 2447+281% 3565+6.232 17.53+4.32°
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CECT ¥VY) Gus i o sl 53SY

ATCC A+ YYF g S o sl 58Y

M17

.

addlho 390 SIS ;> Swijon S el Mg oy Y S
odd 485 5l 53 e J )8 lgie 4y (el oS ) CECT Y gy puphiaolisiSY 5 (ol 0038 0)5) KUHB (opo bl osleolissY slos Sk

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

Bassyouni et al., 2012; Jose et al., ) 3)s lyeen adlas
.(Abushelaibi et al., 2017 2015,;

St ] it o 3B 15 ol (y908 Pl sl o)
S o5l Waykn pas oyl pls (Aristoy & Toldra, 2012)
Ssmgn olye 4 ool 3)90 wps sladygus (gl S Hlxe
)90 dgw cpotde cpl bl sl oad Sty obliy
2 Sgngn olys 4 ol gy (lie Gl Sl o adlllas
Cladigw bwgi 1) 5, 215 el ;500 Oladllae il Sid s
Ruiz-Moyano et al., ) w8 o)55 g, lidl  wslawlssy
osbolsiSY LUl pas 3| (S ldlas 5 b ol L (2009
.(Papamanoli et al., 2003) w54 s3] jdg,0n 5> 29, L

A5 58 3> ol gl S (sl Jobo e @ gl 355
bl & Liaadl ags (Grady etal., 2011) sizws (LS (53
g 9 JWbal ladshe @ ey (295w cladsle
Collado et al., Del Re et al., 2000) 54 0 bgyo Jobro
Uil 095 Caolh ddlle dyge wlis adlas ul 45 (2007
podi ol 4 e oUlg oy L a8 ol i 363l awlie
gl 355 ol oS 9 313 8 o sy 13 Canglin 5 035
Del ) ol osims b8 (sly adol 6, Sye Gialosl bpo

o PH & ol il sdae jl o 4 136 31 bS50 5

Liong, ) wiles o5 el ¥ JIY o g g il (ol <Y+ U wilgs
@ndjlgd 3l youe 4 B Wb gl w5 med 4 .(Shah & 2005
0155 el YU 2+ /Y b Wlgs oo g0l yio (sloSas palio ] 55 a8
o bylyd opl o aile ous; (Barrett et al., 2009) wle
2 b Sl o) 4 055 B35l g0 2B 1) K59 05155
Ol S o &) Canglio 55l ST 1y 365 1158 5 L9 sitne ]
Cunl Sl 039) )3 L STamg (Sdglie cllad 5 )yl (gl s
Lo algl bl g9lyre sses (Singhal et al., 2010)
Fontana et al., ) siws bpwslE)ls,See 51 (S dade 05,500
(Liuetal., 2020) x> 2l |y 13y cas s Casl ySan (2013
SlaSes gla¥g)um SV sl glag Sl (S Jb ol
03,5 Jgyn | Z9350 oy laSel & A8 (o Mg (g3l
(Liong & Shah, 2005) sa> e (ialS |, sl cuemw 4o g
Jose et al., ) cusl 4+ d9as amdjles 3 Lo clalé Silo
7N Gols mle cuiS hs ;> M17 alis adllas ) 5 (2015
otin ol b sl oyl s ol Cuglie g5lio glacSes
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b ployd €08 (lijre o Gloj (> 1) 039) (SUismgSen (xbo
.(Bacha et al., 2010) ule o bats conl S50

sl S5V el (s SL g Sl Sk slasisS
DL Syl bglo ctpul SSV—()D gl SSV-(+)L
40w (Cekola et al., 2015) uus’ WJgs oyl 51 oS 5 b olsY
) 1y deel SV L 9 D jogial 93 p0 Mg ol adllae 3590
S sl b Sgplie dlygy So SY=(-)D jgduml ludl )
Cusl odd 5155 oligS 039y pyliw 4 Miw o8l > ladd
O35S 3 e pbsl b wlallles (Ewaschuk et al., 2005)
~(F)D xS Mg SSgmgn Sl Sk Bpae & wad e Ui
(D e SYsb il el s canl Jhd L sl SaSY
osMs .(Papagaroufalis et al., 2014) >4 o3 (95 dpuol SSY
Slge J b el SSV-()D oxiSuly slagg Sl ol
I 1l g ssals 5 G5 ol wcsle aile i s i
Span pladl g dadye ite @Me (y9d Sgngn sl oS
(Vitetta et al., 2017) w9 50

Eollaol S slacdplio | (S & Sojsn slag!
Sly olre Clgis 4 Bl Wgd o Cgue SSgngn o SL
(Pereira et al., 2001) Lo sl Sigugy (sladygw lss!
g 0 (Seifse Soime] g Jrilty gua o o L Lo adllas
3B 55 38 32g 0ad ilefl gl bk (N Y
syl S lyis & & ag) Dl uplewlsTY 90 o gl
& Pianpumepong, 2010) cuwl o (ololis ogally Sigumgy
olalie ol Gl (NS ')y cubd e (Noomhorm
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