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Abstract

The aim of this study was to evaluate the probiptioperties of six thermotolerant lactic acid
bacteria isolated from cooked meat products. Tloéebia were typed, by determination of the DNA
sequence of their 16S rRNA coding genes, askmterococcus faeciuriJAML1 strain) and five
Pediococcus pentosace(idAM2-UAM6 strains). Under gastric stress condigothe viability of
the Pediococcidecreased more than five-fold, wher&adaeciumshowed a high resistance (61%
survival). Exposure to small intestine stress didl drastically affect the survival of any of the
strains (less than one-fold decrease), which wete & grow in the presence of 0.3% bile. A
hydrophilic surface profile was observed, with lagraffinity for chloroform than for xylene.
Strains showed high levels of auto-aggregation el as co-aggregation with Gram-positive and
Gram-negative bacterial pathogens. The adherende faeciumUAM1 to human Caco-2 cells
(around 20%) was significantly higher than thataoied with theP. pentosaceustrains (2%-5%)
andLactobacillus acidophilusA-5 (6%). The overall results indicate tHat faeciumUAML1, has
probiotic properties that predict its capability ¢olonize in competition with pathogens in the
intestinal tract. This bacterium deserves furthmestigation for its potential as a component of

functional food.
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1. Introduction

Probiotics are defined as “live microorganisms whiwhen administered in adequate amounts,
confer a health benefit on the host” (FAO & WHOQ2) The majority of probiotics are bacteria,

with lactic acid bacteria (LAB) being the most regentative, and are used for the manufacture of
fermented dairy, meat and vegetable-based fooddidRic strains include members of the genera

Pediococcus, Lactobacillus, BifidobacteriamdEnterococcugBuntinet al.2008).

Enterococcusis a genus used as a probiotic which may imprdwe ricrobial balance of the
intestine, and is ubiquitous in nature. Piepizal (2013) studied the probiotic potential and
antioxidant properties ofEnterococcus duransLAB18s, a strain capable of selenium
bioaccumulation, concluding that these strainsdda@ used as dietary selenium supplementation.
Also, Raoet al. (2013) examined the adhesionkofterococcus faeciuin vitro and concluded that
this strain had an effective barrier function ie #mall intestinal mucus layer of pigs. Catsal.
(2014) isolated and identified a strainEafduransfrom kefir and their results showed the potential
functionality of this bacteria as probiotic. Mor@wythey indicated that the presenc&otiuransin
kefir does not represent a threat to consumer healid shows its potential functionality as a
probiotic. Liet al (2014) identified and evaluated the probioticgandies of fiveEnteroccusstrains
isolated from silage, and one of those (L2) seaimiseta promising candidate for future use as a

probiotic in humans.

Strains belonging the gen®edioccocusas been tested and already used as a probiatierisa
Vidhyasagar and Jeevaratnam (2013) evaluatedrsimstofPediococcus pentosaceiss probiotic
propertiesin vitro. They concluded that the strains exhibited grointhbition of intestinal Gram
positive and Gram negative pathogens and couldsbd in functional foods as a probiotic strain.
Similar results were found witHPediococcus pentosaceustrains isolated from fermented
vegetables Savedbowornet al 2014). Also, Dubeyet al (2015) reported abouRediococcus
pentosaceustrains with high survival in simulated gastrestinal fluid, and antioxidative and

biohydrogenation properties. In addition, Cletral (2017) stated th&®ediococcus pentosaceiss
3
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a promising probiotic bacteria with potentially suipr biological properties, especially improving
growth performance, intestinal microbiota balamoeat quality and microenvironment in chicken,

and decreasing ammonia content in the medium.

Thus, the state of the art supports the signifieanicenterococciand pediococciin the field of
probiotics and indicates that new strains belondmdghese genera and isolated from food have

potential for their usage in generation of funcéibiood.

In a previous study we isolated and identified té&B strains from Mexican sausages, which were
selected for further characterization as potemiabiotics (Ramirez-Chavariat al, 2010). In
general, these strains showed a high adherenceitapa well as high tolerance to gastric pH
(Ramirez-Chavariret al., 2013). In the current work we have identified giermotolerant LAB
oneE. faeciumand fiveP. pentosaceustrains, isolated from meat products, and haveuatadin
vitro their probiotic potential with a future aim of ngi them as bioactive starters for the

development of Mexican cooked meat products.
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2. Materialsand Methods

2.1 Bacterial strains and culture conditions. The six lactic acidf bacteria (LAB) strains studied
this work were isolated from Vienna sausages. Iditexh, Lactobacillus plantarumB8014 was
obtained from the Universidad Nacional Autonomaviéxico (UNAM) culture collection, Mexico,
and Lactobacillus acidophilusLA-5 was kindly provided by Chr. Hansen A/S (Hah,

Denmark). These latter two strains were used asralenfor the probiotic testsThe bacterial
pathogens used in this study wé&scherichia coliDH5a (Invitrogen, USA) Bacillus cereusCFQ-

B-230, Listeria innocua CFQ-B-232, Pseudomonas aeruginosaTCC 27853, &phylococcus
aureusATCC 6538 andSalmonella typhimuriunATCC 14028, all obtained from the UNAM

culture collection.

For the assays, LAB were grown in Man Rogosa Shé@vjieS) broth (De Maret al, 1960) and
incubated at 35°C, while pathogens were culturdaram heart infusion broth (BHI) at 37°C. The

stock cultures were stored at -80°C in medium ®rpphted with glycerol (20% v/v).

2.2 Isolation and identification of thermotolerant LAB strains. Ten different brands of Vienna
type sausages from Mexico City supermarkets weatysed in search of LAB. Thirty-five strains
were selected for further studies, after isolabgrseveral cycles of anaerobic growth in MRS solid
and liguid media at 37°C, on the basis of Gramrmsig| as well as catalase and oxidase production
(Harrigan, 1998). The thermotolerance of thesarstraas determined by growth in MRS at 37°C
to Agoonm Of 0.8-1.0 (1 x 1Bcolony forming unit per mL, cfu/mL), heat shock7&°C for 30 min,
and recovering in MRS-agar plates at 35°C for 2448ix strains were found to have a survival
rate higher than 3 x fGfu/mL and were considered thermotolerant andcgsdefor subsequent
characterization. They were identified as &mterococcus faeciufy AM1 with accession number
in GenBank: KY992877) and fivd’ediococcus pentosace®JAM2-UAM6 with accession
numbers in GenBank: KY992876, KY992875, MF000324F0@0322 and MF000323) by

sequencing their 16S rRNA coding genes at Secudedr{d, Spain).
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2.3 Antibiotic sensitivity and gastrointestinal tolerance. The antibiotic resistance profile against
fourteen antibiotics was determined using ClairomBo Discs for Gram positive bacteria

(Accutrack, México).

To test resistance to low pH, LAB were grown in MRS37°C to an &onmof 0.8-1.0 concentrated
ten-fold in phosphate buffer solution (PBS, 10 mMuINPO,, 1 mM KHPQ,, 140 mM NaCl, 3

mM KCI) and evaluated as described by Conetal. (1987).

The ability of the strains to grow in the presentéile was determined as described by Walker &
Gilliland (1993). The bile tolerance was estimaft@sn the differences between growth in presence
or absence of bile and calculating the time reguioe an increase of 0.3 units of absorbance at 620

nm in either condition.

The tolerance of BAL to simulated gastric (pepsin3amg/mL, pH 2.0) and small intestinal
(pancreatin at 1 mg/mL, pH 8.0) transits was defteeoh as described by Charteesal, (1998).

Prior to the assay and at the times indicated¢filvenL were determined by plating.

2.4 Binding properties. Bacterial adhesion to solvents was adapted fromesiqusly described
method (Sanchez & Tromps, 2014). Briefly, exporangrowth cultures were sedimented and
resuspended to give an ansorbance at 560 nm do@640.7, then mixed (v/v) with an organic
solvent (xylene or CHGJ and vortexed for 30 sec. After 1 h incubatiomaim temperature, the
agueous phase was removed and its absorbance ifp6th@asured. The hydrophobicity of LAB
was calculated a$i = [(Ao- A) / Ag] x 100, where A and A are the absorbances before and after
extraction with organic solvents. Strains were abered strongly hydrophobic when values were >
60%, moderate hydrophobic with values in the ramigé0% to 60% and hydrophilic when values

were < 40% (Bassoet al, 2008).

Auto-aggregation abilities of LAB were measuredaolapting the method of Colladd al (2008).
Bacterial cells were harvested by centrifugatiom amashed twice with PBS (pH 7.2), then

resuspended in the same buffer to an absorbar@@atm close to 0.50 + 0.10 to standardize the
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number of bacteria (16L0° cfu/mL). The bacterial suspensions were incubatedan temperature
and monitored at 0 h, and at the times indicaté@. Jercentage of auto-aggregation was expressed
as: A% = [(A— A) / A] x 100, where A represents the absorbance at 0 h aniepgxesents the

absorbance at the different time intervals.

For co-aggregation assays, bacterial suspensiorespvepared as described above. Equal volumes
of cells (500 uL) of the different probiotic andtipagen strains were mixed and incubated at room
temperature without agitation. The absorabance (60D of the mixtures were monitored at the
indicated times and co-aggregation was calculatiéd tve equation of Malilet al. (2003):C% =
[(Apat+ Aprobio) = (Amix)] / [(Apat*+ Aprobio)] X 100, where fq:and Ayronio represent the absorbance of
the independent bacterial suspensions at 0 h apdrépresents the absorbance of the mixed

bacterial suspension at the times tested.

2.5 Caco-2 cell culture and adhesion assays. The human enterocyte cell line, obtained from thié c
bank at CIB, was seeded in 96-well tissue cultuaep (Falcon Microte§f, USA) at a final
concentration of 1.25 x ¥@ells/mL and grown as monolayers of differentiaied polarised cells for
21 days as previously described (Nacher-Vazaies., 2017). Cell concentrations were determined
as previously described (Garai-lbadteal, 2010).

For the adhesion assays, exponential-phase LABuregltgrown in MRS were sedimented by
centrifugation (12,000 >g, 10 min, 4°C), resuspended in the appropriate melwf Dulbecco’s
Modified Eagle medium (DMEM, Invitrogen) to give iadl concentration of 1.25 x $@fu/ mL. 0.1

mL of bacterial suspension was added per welldridi:1, bacteria: Caco-2 cells) and the plates were
incubated for 1 h at 37°C. The unadhered bactesi@ then removed and the cell-associated bacteria
processed and quantified by counting, after platintgp MRS plates as previously described (Nacher-

Vazquez et al., 2017). All adhesion assays werdweied in triplicate.

2.6 Statistics. Results are expressed as the mean and standaatialewf three determinations.

Statistical analysis was performed using the SPES @oftware (IBM SPSS, Trial version, USA).
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Data were subjected to one-way analysis of varigA®OVA) and the Duncan test was used for

comparison of the means. P< 0.05 was consideraststaly significant.

3. RESULTSAND DISCUSSION

3.1 Antibiotic susceptibility. The absence of transferable antibiotic resistanegen the bacterial
genome is recommended and, for some scientific dttews, even considered a prerequisite for
approval of the use of a bacterium as probiotiowds and feeds (Jansehal, 2006).Thus, we
tested the antibiotic resistance of the six theotesant LAB isolated from Vienna sausages,
Enterococcus faeciurdAM1, and five Pediococcus pentosace(IsAM2-UAMG6 strains) isolated
and typed in this work (Supplementary Table 1Ski®ance against inhibitory protein synthesis
antibiotics, such as chloramphenicol, erythromyama tetracycline is plasmid encoded and varies
among LAB strains. Our results revealed that alnatisttrains were to some extent susceptible to
these types of antibiotics including erythromycazithromycin, clarithromycin, tetracycline and
chloramphenicol. The strains were also suscepttiolep-lactam antibiotics (penicillin G,
cephalothin, cefuroxime, ceftizoxime and cephalgxiwhich inhibit cell wall synthesisL.
plantarum 8014 (control strain) anB. pentosaceutlAM2 showed an intermediate resistance to
cefazolin (cephalosporin class), and the straird88l$o for chloramphenicol and clarithromycin,
both inhibitors of protein synthesis. In additiammong theP. pentosaceustrains, UAM4 and
UAMS5 showed intermediate resistance to amoxiciliEmterococcusspp. strains are known to be
resistant to cephalosporins, low levels of amingegside and clindamycin (Teuber, 1999), and the
E. faeciumUAM1 strain as well as th&ediococciUAM 2, UAM4 and UAM5 showed an
intermediate resistance to cephalexin. Also, ogulte revealed that UAM6 was sensitive to all

antibiotics tested with the exception of co-trimpake and cephalexin.

3.2 Resistance to low pH conditions. Before reaching the intestinal tract, probiotic teaa must
first survive transit through the stomach. The agerpH of the stomach is 3.0-2.0; during digestion

a pH gradient (4.0-1.8) is generated and the foasl tb travel through the digestive tract for a
8
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period of 2 h to 3 h (Maragkoudales al, 2006). Thus, acidic pH values (4.0-2.0) weredeld to
examine the acid tolerance of UAM1-UAM6 strainsves| asL. plantarum8014 (Table 1)All
strains were able to survive after an exposureHat® or 3.0, but only 8014 and UAM1 strains
showed around 50% viability after 1 h treatmenpldt2.0, and 40% of thE. faeciumpopulation

was recovered after 3 h exposure to pH 2.0.

Osmanagaoglet al (2010) reported thd. pentosaceu®ZF, isolated from human breast milk, is
able to survive after 3 h of exposure at pH 3.0 r@tained a viability of 6.41 log cfu/mL, when the
initial populations ranged from 8.2 to 9.0 log chl/. Also, Leeet al. (2014) showed that three
strains ofP. pentosaceussolated from a salted and fermented Korean sed-foterated a 2 h
exposure to pH 3.0 with survival rates between 7&% 32.6%. In addition, Guet al (2016)
described that four strains Bhterococcusvere tolerant to pH 3.0 and could survive for 2nider
this stress. One of thenk. duranskKLDS 6.0930, was the most acid-tolerant and itsbiity

remained stable (I&fu/mL) after 2 h of incubation at pH 2.0.

Thus, the high degree of acid resistance deteotethé UAM strains was in the same range as that

of other potential probiotic LAB belonging to thanse species and isolated from food and milk.

3.3. Biletolerance. Bile plays a fundamental role in specific and npeesfic defence mechanisms

of the gut, and the magnitude of its inhibitoryeeftf is determined by the bile salt concentrations
(Charteriset al, 1998). The physiological concentrations of hurbde range from 0.3% to 0.5%
(Dunneet al, 2001), thereforehe effect of 0.3% bile on the growth of the BALliguid medium

was evaluated and the results are shown in Fighé& .growth of each strain in medium without bile
was used as control. The data revealed that alhstwere able to grow in both media. In the case
of theL. plantarum8014 and thd>. pentosaceusd AM2, the presence of bile did not significantly
affect the growth. By contrasE. faeciumUAM1 and the othelP. pentosaceustrains exhibited
various increased latent periods in presence efdnl the time required to increase the absorbance

by 0.3 units ranged from 1.5 hto 3 h in MRS, amoaf 3 h to 4 h in MRS supplemented with bile.
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This type of evaluation (delay to reach an increafs@.3 units of absorbance in presence of bile
salt) has been used previously to test okaetobacilli andpediococci Zenget al (2010) reported
thatLb. buchneriP2 isolated from pickled juice needed nearly 6 hetich the absorbance increase
when incubated in MRS supplemented with either 0d2%.3% oxgall, 2 h more than in medium
lacking oxgall. Vidhyasagar & Jeevaratham (2013)oreed that somd®. pentosaceustrains
isolated from a traditional fermented food of Solrttia had a delay time between 2 h and 8 h in
the presence of bile, time values which are withm average transit time of food in the intestine.
For Enterococcusstrains, Guoet al. (2016) reported that KLDS 6.0930 exhibited thghlesst
tolerance to bile, since it required less time (B)7to reach the absorbance increase than other

strains ofEnterococciexposed to oxgall, which needed more than 5.4 h.

Thus, our results and current knowledge revealatittte UAM strains could be considered bile-

tolerant in the same range as other potential ptabstrains.
3.4 Deter mination of transit tolerance

3.4.1 Resistance to gastric stress. Approximately 2.5 L of gastric juice and 1 L ofdire secreted
into the human digestive tract every day. Thuss iessential for the bacteria to have protection
systems to withstand the low pH in the stomachestige enzymes and bile in the small intestine
(Begleyet al, 2005). Therefore, the UAM LAB as well &s plantarum8014 were exposed to
gastric stress conditions (pepsin at pH 2.0). Adl strains showed a significant decrease of vigbili
upon incubation in the presence of the proteaseidtc pH (Fig. 2) E. faeciumUAML1 exhibited
the greatest viability, and after 180 min of treaniha three-fold reduction of viable cells was
observed for this strawmersusapproximately a five-fold reduction for the pentosaceuand thel.

plantarum8014 strains.

Monteagudo-Meraet al. (2012) studied the effect of gastric stress on L#tEins isolated from
dairy products. Only.. lactis ATCC11454, likeE. faeciumUAML1, survived after 180 min gastric

stress treatment at pH 2.0, with a 2.5-fold redurctof viability. In addition, under the same

10
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conditions, various. lactis L. paracaseilL. caseiandL. rhamnosuglairy strains lost all viability,

a more pronounced sensitivity than observed foPthgentosaceud AM2-UAMG strains.

3.4.2 Resistance to intestinal stress. All strains tolerated the simulated small intedtipnace
containing pancreatin (Fig. 3). None of the UAMasts, norL. plantarum8014, exhibited more
than 1.2-fold reduction of viability after treatnteéor 240 min. AgainEk. faeciumUAM1 showed

the highest resistance with a 15% survival ratelil8r behaviour was observed by Jenseral
(2012) when comparing some commercial and poteptabiotic LAB. Somel.. plantarumandP.
pentosaceustrains retained the same level of viability o240 min of incubation, (around 6 log
cfu/mL). Strains with a decrease in viability ob€L.0 log cfu/mL werd.actobacillus farciminis
Lactobacillus sakeand the probiotitactobacillus rhamnosu&G. Monteagudo-Merat al. (2012)

also detected no loss of viability t#ctobacilli andlactococcistrains after 240 min of incubation
with a simulated pancreatin solution. The authaisted out that these strains appeared to have a
natural ability to tolerate this compound and sopitesence in the small intestine does not seem to
be a barrier for these strains. Thus, the highigalrvate detected for the UAM strains indicatettha

like probiotic strains they can tolerate intestistaéss.
3.5 Adhesion properties

3.5.1 Hydrophabicity (bacterial adhesion to solvents). Hydrophobic/hydrophilic properties and
surface charge of bacteria may differ betweenrsrdue to variation in the physiological state of
cells or the composition of media. In addition, &xpression of variable surface-associated proteins
between strains might be involved (Schar-Zammaeeti., 2005). Moreover, Pelletiet al. (1997)
reported that physico-chemical properties of theratiial cell surface, including the presence of
(glycol-) proteinaceous material at the cell susfaesults in higher hydrophobicity, whereas
hydrophilic surfaces are associated with the pmseof polysaccharides. Thus, xylene and
chloroform were used to assess the hydrophobiocdmpydlic and electron donor (basic)
characteristics of the bacterial surface @fwal, 2009). The assay to test the adherence of th& LA

to the two solvents showed significant variatiohalle 2).Values obtained with chloroform were
11
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higher than those detected with xylene. The UAMiss showed lower hydrophobicity (1.2-2.8%)
than strain 8014 (5.89%). Within the UAM strainke tmost hydrophobic was UAM4 (2.8%),

followed by UAMG (2.25%) and UAM5 (1.97%), which weenot significantly different (R 0.05).

Strong affinity to chloroform was observed only 8914 (69.38%), indicating that this strain is a
strong electron donor. Lower affinities were obtinfor UAM1 (9.17%) and UAM3 (9.08%),
which did not differ significantly (P < 0.05), whilthe otherP. pentosaceustrains showed the

lowest affinities ranging from 3.44% to 6.33%.

The overall results indicated that the UAM strana&l a low hydrophobic surface profile and are
weak electron donors. However, this is not a gdrfesture ofP. pentosaceussince Leeet al.
(2014) reported that some strains belonging to #piscieshave hydrophobic surfaces as they
showed more affinity to xylene than n-hexadecaaetjqularlyP. pentosaceuB56 with an affinity

of 33.71% for xylene and 3.67% for n-hexadecane.

3.5.2 Bacterial auto-aggregation and co-aggregation capabilities. Bacterial aggregation between
cells of the same strain (auto-aggregation) or betwgenetically different strains (co-aggregation)
is important in several ecological niches, espcialthe human gut where such abilities increase
the chance of bacterial retention in the gastrstital tract (Colladet al, 2007). Auto-aggregation
determines the ability of the probiotic strain tdhare to the oral cavity as well as the
gastrointestinal and urogenital tracts, while cgragation ability helps to form a barrier that

prevents colonization by pathogens (Abdellal, 2014).

The auto-aggregation rate of LAB was measured fégrdnt time intervals (Table 3). The auto-
aggregation percentages during the shortest incubaitmes (2-6 h) were similar in all cases, but
after 20 h of incubation percentages ranged fromi3%k to 68.02%, and after 24 h these
percentages significantly increased, ranging frén65% to 87.70%. These results showed that all
the strains possessed strong auto-aggregation pipeso After 20 h of incubation, the most auto-
aggregative strain was UAM3 (68.05%), followed bgN6 (59.53%) and UAML1 (55.22%). The

lowest percentages were observed with strains §0940%), UAM5 (51.0%), UAM4 (47.65%)
12
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and UAM2 (46.14%). This profile changed after 2dfhincubation, when straindAM1 and 8014
exhibited the lowest auto-aggregation abilities,662% and 64.29% respectively, while the rest of

the strains exhibited more than 70% levels.

Xu et al. (2009) evaluated the auto-aggregation abilitiessoie probiotic LAB, of which
Bifidobacterium longumB6 showed the greatest rate (51.8%) after 2 h baiton time.
Furthermore, Baoet al. (2010) studied the auto-aggregation abilities oéveh strains of
Lactobacillus fermentunselected because they showed the greatest tolet@ahoe pH. Between
them the highest auto-aggregation percentage (&6ubation) was reached by strains IMAU60151
(51.5%), IMAU60145 (28.1%) and F6 (27.0%). Thus,MAtrains seem to be in the same range as

probiotics and other potential probiotic strains.

To test the ability of the UAM strains to co-aggregwith pathogenic bacteria, they were cultured
with Gram-positive Bacillus cereus Listeria innocuaand Staphylococcus aureusand Gram-
negative Escherichiacoli, Pseudomonas aeruginosand Salmonella typhimuriujnbacteria. The
results showed that all LAB tested were able t@aggregate with all the pathogenic bacteria (Table
2S). Moreover, they revealed that this propertystigin-specific and the degree of interaction
gradually increased with time, matching the obseona described by Colladet al (2007) and
Bao et al (2010). When we compared the initial (2 h) anmalfi(24 h) determinations of co-
aggregation, three patterns were observed (FigA#¢r 2 h, high co-aggregation values were
detected for all BAL and pathogens tested, far sapa&o the levels of BAL auto-aggregation
(control in Fig. 4). After 24 h of incubatioh, plantarum8014 ancE. faeciumUAM1 showed a
very similar pattern of co-aggregation for all pegbns tested and with similar levels. Almost all
LAB strains presented a higher co-aggregation tgbjf# 80%) when mixed with pathogens than
when each one was incubated alone (auto-aggregabmotrol), with the exception of the UAM5
strain that showed similar values in both trial&AMB was the onlyP. pentosaceufor which auto-
aggregation values were lower than those of coeaggion (Table 2S). Moreover, all strains co-
aggregated witlP. aeruginosafollowed byS. typhimuriumwhereas less co-aggregative abilities
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were observed withe. coli. Among Gram positive pathogenfie major co-aggregation abilities

were observed witls. aureusindL. innocua.

Todorovet al. (2008) described very strong co-aggregation oéss#\bacteriocin producing LAB,
isolated from Boza, with the pathogéninnocua(80.67-95.68%). Xiet al. (2009) showed that
Pediococcus acidilactichad the highest co-aggregation wih typhimurium(55.4%), whereas
Lactobacillus casedemonstrated the lowest co-aggregation ability vBthaureus(28.7%). In
another study, Vidhyasagar and Jeevaratnam (2@p8yted a strain d?. pentosaceugJ13 which
exhibited high rates of co-aggregation withmonocytogeneasndE. coli as high as 90% and 81%,
respectively. These reports confirm that auto-aggien and co-aggregation abilities seem to be

strain-specific, a property shown by the LAB stsaamalyzed in this study.

3.5.3 Adherence to Caco-2 cellsin vitro. An important criterion in the selection of probmétrains

is their ability to adhere to the intestinal epiiln®, as it has been established that this detexsnin
their interactions with the host and the gut miootd (Alanderet al, 1999). In the current study,
the ability of the LAB to adhere to epithelial istmal cells was testesh vitro by performing
binding assays of the bacteria to Caco-2 cell I{i¢g. 5). The results showed that UAM1 was able
to adhere to the enterocytes with a level sigmifiljahigher to that of the probiotic strain
acidophilusLA-5 (19.62 + 2.24%versus5.97 + 0.31%) and to the daify. durans655 (2%)
previously studied by us (Fernandez de Paleatial, 2011). Racet al. (2013) reported similar
results using a strain &. faecium The Caco-2 cell adhesion activity Bfterococcus faeciunvas
significantly higher tharL. johnsonii JCM 8791 (p < 0:01). And the authors concluded tha

Enterococcus faeciumxhibited adhesion to Caco-2 cells to a certatargx

The above results indicates tiatfaeciumUAML possesses high adhesion capacity, which might
be advantageous for colonization in the human gaséstinal tract. Additionally, this strain has
significant resistance to low pH and bile, with@afgygregation and co-aggregation capacities that

may qualify it as a probiotic strain.
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The five P. pentosaceustrains presented lower levels of adhesion, rangiom 2.4 + 0.28% to
4.03 + 0.83% (Fig. 5). The adhesion ability of patic microorganisms is closely associated with
their surface properties, as these influence tkerantions within the gut ecosystem (Deepika &
Charalampopoulus, 2010). We have previously shohat the [3-glucan exopolysaccharide
synthesized byediococcus parvulustrains isolated from cider increases the adhdsials of the
producing strains (Fernandez de Palencia et ab9;2Garai-lbabest al, 2010). Our unpublished
results indicate that theediococcusJAM strains do not produce high levels®flucan, although
the adhesion level of the meat strains are high#érat previously detected for the ciderparvulus
strains (1.2%-0.25%) in the absence of their exmaacharide and close to the levels of the low

producers (3.5%) (Fernandez de Palencia et al9;ZBérai-lbabet al, 2010).

4. Conclusions. E. faeciumUAM1 and P. pentosaceustrains (UAM2-UAMG6) showedin vitro,
desirable probiotic properties, although fediococcido not have a very high resistance to acid.
Therefore E. faeciumUAM1 seems to be the best candidate for furtheestigation, since it also
exhibited a substantial adherence to Caco-2 céilgher than the commercial probiotic.
acidophilusLA-5, and good resistance to low pH and gastrsiimal tract conditions. These trials
are promising for its application as a novel prabistrain in the food industry, since their can be

employed as bioprotective culture due to theirrti@plerant capacity in functional foods.
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Figure captions

Figure 1. Detection of the influence of bile salt treatment on LAB growth. The indicated..
plantarum(8014),E. faecium(UAM1) andP. pentosaceu@JAM2-AUM®6) strains were grown in
MRS (0) or MRS supplemented with 0.3% (w/v) of poec bile (). The growth rate was
determined by measuring the absorbance of theresltirhe determinations were performed in
duplicate and the values depicted are the mean tWwéhstandard deviations of two independent

experiments performed with two different culturégach bacterium.

Figure 2. Analysis of cell survival after smulated gastrointestinal stress. The indicated LAB
strains were challenged with pepsin (3 mg/ratpH 2.0 for 3 h at 37°C. Bacterial viability was
analysed by plate count and results are expresseflianL. The determinations were performed in
duplicate and the values depicted are the mean tWwéhstandard deviations of two independent

experiments performed with two different culturégach bacterium.

Figure 3. Analysis of cell survival after smulated intestinal stress. The indicated LAB strains
were challenged with pancreatin (1 mg/mL) at pH 804 h at 37°C. Bacterial viability was
analyzed by plate count and results are expresseflanL. The determinations were performed in
duplicate and the values depicted are the mean tWwéhstandard deviations of two independent

experiments performed with two different culturégach bacterium.

Figure 4. Analysis of the co-aggregation of LAB with pathogenic bacteria. The results are
shown in Supplementary Table 1S. As an examplerdbelts obtained with the indicated strains
after 2 h and 24 h of treatment are depicted irfithee. The co-aggregation capacity of each LAB
is expressed in percentages and was determindt anhdicated times by changes in absorbance
Asoonm for each LAB and pathogen cultured together amtividually. The determinations were
performed in duplicate and the values depictedthee mean of two independent experiments

performed with two different cultures of each bact®.
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Figure 5. Adhesion of LAB to Caco-2 cells. The enterocytes (1:10) were exposed independently
the indicated UAM strains or tb. acidophilusLa-5 (La-5). Adhesion levels are expressed as the
percentage of the total number of bacteria (adhpheslunadhered) detected after exposure for 1 h
to Caco-2 cells. Each adhesion assay was conducteg@licate. The values are the mean of three
independent experiments performed with three differcultures of each bacterium and each
experiment with different Caco-2 culture. ANOVA enay test analysis was carried out, and

differences were considered statistically significat P<0.05.
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Table 1. Survival of LAB to acidic stress.

Bacterial survival

(%)
pH 4.0 pH 3.0 pH 2.0
LAB

1lh 3h 1h 3h 1h 3h
UAM1 84.0+28 825+4.1 86.6+4.2 56.0+15 547+16 39.1+2.0
UAM2 86.0+2.3 83.6+04 77.4+15 47.6+5.1 ND ND
UAM3 83.9+08 826+05 79.7+1.2 352+1.3 ND ND
UAM4 824+4.1 793+39 79.8+49 50.3+21 ND ND
UAM5 85.3+09 839+15 827+0.9 53.6+28 ND ND
UAM6 89.3+4.7 804+36 76.6+23 63.8+0.8 ND ND

8014 834+34 68.1+14 718425 69.8+23 51.0+27 ND

*ND= Bacterial growth was not detected.
®The values depicted correspond to the mean values and the standard deviations
of three independent experiments.



Table 2. Hydrophobicity values of LAB.

Solvent
Xylene Chloroform
LAB
(%) (%)
UAM1 1.72+0.39° 9.17+0.56°"
UAM2 1.62+0.39° 3.44+0.20¢
UAM3 1.22+0.11° 9.08+0.16°"
UAM4 2.80+0.26° 3.53+0.51¢
UAM5 1.97+0.50%% 6.63+0.06°
UAM6 2.25+0.17° 6.24+0.51°¢
8014 5.89+0.08% 69.38+0.472

The values depicted correspond to the mean values and the standard deviations of
three independent experiments.
ANOVA one-way test analysis was carried out, and differences were considered
statistically significant at p <0.05.
a, b, ¢, d, e superscripts means that the values within the same column differ

significantly.



Table 3. Analysis of auto-aggregation ability of LAB

Auto-aggregation

(%)*
Time
h) ) 4 6 20 24
Strain
UAM1 5.72+0.08 7.29+0.02  13.89+0.02 55.22+0.03 62.61 + 0.01°?
UAM2 8.79+0.18 9.32+0.20  11.25+0.02 46.14+0.04 85.50 + 0.06°?
UAM3 6.72+0.12 839+0.20 13.50+0.10 68.05+0.06 71.90+ 0.08%?
UAM4 556+0.17 9.99+0.08 15.14+0.10 47.70+0.08 78.87 +0.08"?
UAM5 558+0.14 9.89+0.07 14.34+0.09 50.97 +0.06 79.46 +0.10%?
UAM6 4.60+0.15 6.02+0.04  13.26 +0.06 59.53+0.14 87.71+0.02*?
8014 8.79+0.47 11.2+0.08*" 1551 +0.04 49.71+0.05 64.29 +0.037?

*The values are expressed in percentage and are the means of triplicate
determinations with standard deviation. ANOVA one-way test analysis was carried
out, and differences were considered statistically significant at p <0.05.

A, B, C, D, F, G superscripts means significant differences among the different

LAB.

a, b, c, d, e, f, g superscripts means significant differences for 24 h incubation time.
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Fig. 1. Detection of influence of treatment with bile salt on LAB growth. The
indicated LAB were grown in MRS (O) or MRS supplemented with 0.3 % (w/v) of
porcine bile (O). The growth rate was determined by measuring the absorbance of
the cultures. The determinations were performed in duplicate and the values
depicted are the mean with the standard deviations of two independent

experiments performed with two different cultures of each bacterium.
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Fig. 2. Analysis of cell survival after gastrointestinal stress. The indicated Lb.
plantarum (8014), E. faecium (UAM1) and P. pentosaceus (UAM2-AUMG6) strains
were exposed to pH 2.0 and pepsin at 3 mg/mL for 3 h. Bacterial viability was
analyzed by plate count and results are expressed as cfu/mL. The determinations
were performed in duplicate and the values depicted are the mean with the
standard deviations of two independent experiments performed with two different

cultures of each bacterium.
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Fig. 3. Analysis of cell survival after intestinal stress. The indicated LAB strains
were challenged with pancreatin (1 mg/mL) at pH 8.0 for 4 h. Bacterial viability was
analyzed by plate count and results are expressed as cfu/mL. The determinations
were performed in duplicate and the values depicted are the mean with the

standard deviations of two independent experiments performed with two different
cultures of each bacterium.
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Fig. 4. Analysis of the co-aggregation profile of LAB with pathogenic
bacteria. The results are shown in Supplementary Table 1. As an example, the
results obtained with the indicated strains after 2 h and 24 h of treatment are
depicted in the figure. The co-aggregation capacity of each LAB is expressed in
percentages and was determine at the indicated times by changes in absorbance
Asoonm for each BAL and pathogen cultured together and individually. The
determinations were performed in duplicate and the values depicted are the mean
of two independent experiments performed with two different cultures of each
bacterium.
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Fig. 5. Adhesion of LAB to Caco-2 cells. The enterocytes (1:10) were exposed
independently to the indicated UAM strains or to Lb. acidophilus La-5 (La-b).
Adhesion levels are expressed as the percentage of the total number of bacteria
(adhere plus un-adhered) detected after exposure for 1 h to Caco-2 cells. Each
adhesion assay was conducted in triplicate. The values are the mean of three
independent experiments performed with three different cultures of each bacterium
and each experiment with different Caco-2 culture. ANOVA one-way test analysis

was carried out, and differences were considered statistically significant at p <0.05.



Highligths
» Six thermotolerant lactic acid bacteria were identified from cooked meat products.
» All strains showed resistance to intestinal stress, whereas E. faecium had a greater
survival under gastric stress conditions.
* Approximately 20% of adherence to Caco-2 human cell line was observed with E.
faecium.
* All strains were proficient in auto-aggregation as well as co-aggregation with

pathogens.



