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ABSTRACT

The roles of an exopolysaccharide (EPS) extraah fractobacillus fermenturf2 were
studied individually or combined with a probioticasn, Bifidobacterium
animalissubsplactisINL1. EPS in its purified form caused an increasée levels of
cytokine TNFe; both purified and crude EPS produced an increatee regulatory
cytokine IL-10. BALB/c mice received yoghurt witlo mdditives (Y), with EPS (YE), with
bifidobacteria (YB), or both (YEB) for 25 days. @rihe YE group presented significantly
increased concentrations of total short chain fatigs p < 0.05) including acetic and
butyric acids; the levels of th@. coccoidegluster also rose over timp € 0.05) for this
group. A possible bifidogenic role was observedwlite YEB group, reflected in the
increasing levels of the genBgfidobacteriumalong time p < 0.05); this was not observed

when the probiotic was administered solely (YB grpu
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1. Introduction

Whereas probiotics are live microorganisms thatrwdministered in adequate
amounts confer a health benefit on the host (lidll.e2014), prebiotics are non-viable
substrates that function as nutrients for bendfloiaroorganisms harboured by the host,
including administered probiotic strains and indiges microorganisms. Thus, a prebiotic
should elicit a metabolism biased towards healtiwmting microorganisms within the
indigenous ecosystem. According to the consensiisnsent by ISSAP, the definition of a
prebiotic has been recently modified to ‘a substthat is selectively utilized by host
microorganisms providing a health benefit’ (Gibsaral., 2017), including the impact of
prebiotic at extraintestinal sites: on bone striepngéural and cognitive processes, immune
functioning, skin, and serum lipid profile (CollidsReid, 2016; Gibson et al., 2017). In
addition, the term synbiotics refers to a comborabf both, probiotics and prebiotics in a
synergic way, so this term should be reserved fodyrcts in which the prebiotic
compound(s) selectively favours the probiotic oigarfs) (Cencic & Chingwaru, 2010).

The catabolism of prebiotic carbohydrates by théabdic activity of the gut
microbiota primarily produces three short chaityfacids (SCFAs): acetate, propionate
and butyrate. The most abundant SCFA in the cd@tétate and, in general, represents
more than half of SCFA content detected in faetesi§, Scott, Duncan, & Flint, 2007).
The prebiotic substrates are able to selectivadynote the growth of beneficial
microorganisms and induce changes in the levelsesie acids in healthy individuals
(Lecerf et al., 2012). Thus, the levels of thes&&E€represent an indirect measure of the

level of beneficial microorganisms and their impacthuman health.
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Some lactic acid bacteria (LAB) are able to prodexapolysaccharide (EPS) as
part of their metabolism; these polymers can beasad to the medium exerting
technological and functional roles. Regarding timctional properties, EPS from LAB
have demonstrated several benefits including bgaac/prebiotic effects,
immunomodulatory properties, prevention of pathageacteria, gastritis, antitumor and
antioxidant activities, among others (Ale et all1@a; Hamet, Medrano, Pérez, &
Abraham, 2016; Polak-Berecka, ¥Ya, Szwajgier, & Chomaz, 2013; Rodriguez, Medici,
Rodriguez, Mozzi, & Font de Valdez, 2009; WangletZz914).

In this regard, Sarikaya, Aslim, and Yuksekdag @0#&ported that the lyophilised
EPS fromLactobacillus fermenturhB-69 presented both bifidogenic and anti-biofilm
effects (in vitro) against a strain B&cillus cereusFurthermorelLactobacillus rhamnosus
E/Nis a probiotic strain that synthesises EPS withigant bifidogenic and antioxidant
activities (Polak-Berecka et al., 2013). Thesetpasaspects make EPS, as well as the
producer strains, suitable ingredients for the fdation of novel functional foods.

In general, EPS are produced in situ during feratent process of dairy food
when, for example, EPStarter or adjunct cultures are added to the foattices to
improve the textural and organoleptic charactesstif the final product (Amatayakul,
Sherkat, & Shah, 2006; Hassan, Ipsen, Janzen, & ®R003). Only a few studies have
described the effects of the direct applicatiobadterial EPS extracts as food additives.
For example, a crude EPS fr@treptococcus thermophilgsispended in milk was
proposed to effectively prevent or heal chronidmgfEsin a murine model (Rodriguez et
al., 2009; Rodriguez, Medici, Mozzi, & de Valde®1D). So far, no report describes the

application of EPS extracts as food ingredientgoighurt, this option being an interesting
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proposal in the case the EPS-producing strainaarsuitable for growing in a food
matrix.

L. fermentunif2 is an autochthonous strain that was isolagedam-starter culture
from a local semi-hard cheese with blowing defetlss strain produces high amounts of
EPS when it grows under controlled conditions afgerature (30 °C) and pH (6.0),
reaching 0.8 g &, approximately, in semi-defined medium (SDM; Kinir&eRoberts,
1998) broth (Ale et al., 2016b). The total EPSamposed mainly of two polysaccharides:
ap-glucan whose repeating unit is a trisaccharid® ¥11G KDa), and a
heteropolysaccharide constituting a disaccharigeatng unit of glucose and galactose,
the main backbone being composed-¢1—6) linked galactose residues, each one
substituted by a terminal glucose residue (90 K@Dapublished data). From previous
studies, this EPS extract presented not only istiergtechnological characteristics, such as
an increase in consistency and pseudoplasticiypoliurts (Ale et al., 2016b), but also
positive health effects, protecting again&amonellainfection and increasing the levels
of IgA in intestinal fluid of mice (Ale et al., 264).

On the other handifidobacterium animalisubsplactis INL1 was isolated from
breast milk and, als. fermentunif2, belongs to the Instituto de Lactologia Indiast
(INLAIN) collection. This bifidobacterium has beandely studied regarding its
technological and probiotic properties: resistaiocgtorage in acidified milk, stability to
spray-drying and freezing processes and IgA- medishmunomodulation (Zacarias,
Binetti, Laco, Reinheimer, & Vinderola, 2011), protion against acute and chronic colitis
in spray dried form (Burns et al., 2017), and pcbten againsSalmonellanfection

(Zacarias, Reinheimer, Forzani, Grangette, & Viotigr2014).
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In the present work, the EPS extract fromiermentunif2 was evaluated in vitro
to preliminarily analyse its immunomodulatory rdlle.addition, the EPS was added to
yoghurt, alone or combined with the probiotic stiai animalissubsplactis INL1, to
evaluate (in vivo assay) the effects on the gutohiota (potential prebiotic effect) of the
EPS or a synergic interaction (potential synbieffect) when they are administrated
together. For this purpose, different bacteriaugowere determined in faeces, as well as

the levels of SCFA at different periods post treatmIgA and cytokines levels were also

measured in intestinal fluid and small intestimspectively, and histological analyses were

done at the end of the assay to evaluate if epllddmage occurred in large and small
intestines. The aim of this work was to developractional yoghurt with synbiotic

properties.

2. M aterials and methods

2.1. Organisms and growth conditions

L. fermentunif2 andB. animalissubsplactisINL1 (INLAIN collection) were
stored at —80 °C in MRS (De Man, Rogosa and Sh&ip&ar, Beauvais, France) broth
plus 15% (v/v) glycerol. They were routinely growmnMRS broth at 37 °C for 16 h in
aerobiosis and anaerobiosis (Anaeropack Anaerguldishi Gas Chemical Co., Inc.,
Germany) plus 0.1% (w/v) cysteine, respectively.

For yoghurt production, two commercial straiBfreptococcus thermophil&C42
andL. delbrueckiisubspbulgaricus254 (both from Biochemical, Argentina), were

selected based on their inability (visual tesprioduce EPS in milk. They were routinely
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grown in 10% (w/v) reconstituted skimmed milk (RSM)43 °C and stored at -80 °C in the
same medium.

To design the calibration curves for qPCR anal{Sigpplementary material, Table
S1,), the following strains were used as wifidobacterium breva 10 (INLAIN
collection) andifidobacterium bifidunATCC 35914 were cultured in the same wayBas
animalissubsplactisINL1. S. thermophilu§C42 was grown in Elliker broth (Biokar) at
42 °C;Escherichia colEC101 in LB (Luria-Bertani) broth, with continuoagitation, at 37
°C under aerobiosis artaphylococcus aured® (INLAIN collection) was developed in
tryptic soy (TS) broth (Biokar) at 37 °C in aerafim All cultures were grown from an

isolated colony.

2.2.  EPS production df fermentumLf2

EPS production was carried out as described byes. (2016b). Briefly,
cultivations were performed in a 2-L fermenter (8aus Biostat A plus®, Goettingen,
Germany) in SDM (Kimmel & Roberts, 1998) broth wilie aim to minimise interferences
in EPS isolation by replacing yeast extract, be#faet and proteose peptone from MRS
broth by yeast nitrogen base and Bacto Casitorté fbmm Difco, Becton, Dickinson and
Company, Le Pont de Claix, Francke)fermentunif2 was inoculated from an overnight
culture (0.1%, v/v) and incubations were made &t@f@or 72 h, with agitation (6 rpm) and
sparging with C@(0.2 L min%). The pH was kept automatically at 6.0 with see@iM
NaOH. After incubation, bacteria were removed bytgiigation (19,630 >g, 30 min, 5
°C) and EPS was extracted and precipitated at#r@8 h by adding 2 volumes of chilled

absolute ethanol (Cicarelli, Buenos Aires, ArgeafirT he precipitate was collected by

7



159  centrifugation (4,050 g, 30 min, 5 °C), dissolved in ultrapure water aray$ed against
160  distilled water, using 12—-14 kDa MWCO membranegit&i Aldrich, St. Louis, MO,

161  USA) for 3 days, at 4 °C with daily change of waténally, the EPS solution was freeze-
162  dried (Chris Alpha 1-4 LD Plus, Tokyo, Japan), virad and expressed as mg crude EPS L
163 . Additionally, a purification of the EPS crudedt®n was performed with a treatment
164  with DNAse | (5pg mL*; Sigma Aldrich) at 37 °C for 12 h and Pronase &y mL™;

165 Roche, Germany) at 37 °C for 18 h. Then, a prestipih step with TCA (12%, w/v) with
166  subsequent neutralisation with NaOH was done. Tibpension was dialysed against

167  distilled water and freeze-dried as indicated aldovabtain the EPS purified fraction

168  (LOpez et al., 2012).

169

170  2.3. Preliminary in vitro assay to analyse the inamomodulatory role of EPS

171

172 The THP-1 cell line was routinely grown in RPMI mad (Roswell Park Memorial
173 Institute medium, RPMI-1640 medium, Sigma Aldriclontaining 10% (w/v) of foetal

174  bovine serum and 50 mg flof streptomycin and penicillin. The cell line wiasubated at
175 37 °C with 5% CQ. The THP-1 monocytes were differentiated into rapbages by

176  incubation with phorbol 12-myristate 13-acetaten®® (PMA, Sigma Aldrich) for 48 h,
177  followed by an incubation for 24 h in RPMI mediuktacrophages derived from THP-1
178  were stimulated with crude or purified EPS: 8)mL* of the crude form containing 0.9%
179  proteins according to the Bradford method (Bio-Radp 12.6:g mL™ of the purified

180  form. This last concentration was proposed takimig account that, after purification of the
181  crude EPS extract, 21% (approximately) of purilieRiS is recovered. This way both

182  samples contain approximately the same proporti@P&. A positive control treated with
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lipopolysaccharide (LPS, 0if& mL™) was also included. The cells were incubated at 37
°C, with 5% CQfor 4 h for the detection of TNE; and 8 h for IL-6 and IL-10
determinations. The cytokine analysis was perforfrath the culture supernatants using
the DuoSet ELISA kits (R&D Systems, Minneapolis,itdd States) according to the
protocols recommended by the supplier. A negatorgrol with untreated cells was also

included. All determinations were made in quadgik.

2.4. Invivo assay to analyse the functional @il&PS as food ingredient in yoghurt

2.4.1. Manufacture of yoghurts

Yoghurts were made with 10% (w/v) RSM inoculatethv@. thermophiluSC42
andL. delbrueckiisubspbulgaricus254 (16 and 10 cfu mL*, respectively), with O
(control) and 600 (equivalent to 146 mg pure EP$rhg L™ of crude EPS added. The
incubation was at 43 °C until a final pH value d #vas reached. The concentration of
crude EPS was chosen according to a previous stuglgich the crude extract at 600 mg
L exerted protection agairSalmonellainfection (Ale et al., 2016a). After fermentation,
yoghurts were immediately cooled and stored at.4TH@ following day an overnight
culture ofB. animalissubsplactisINL1 was washed twice with sterile PBS and
resuspended in yoghurt with 0 or 600 mifdf EPS extract at a level of 5 x®1¢fu mL*;

this way the final cell count was not reduced dgiyoghurt manufacture.

2.4.2. Animals and feeding procedures
For in vivo trials, 6-week old male BALB/c mice wbing 19-21 g were obtained

from the random-bred colony of the Centro de Expernitaciones Bioldgicas y Bioterio

9
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(FCV-UNL, Esperanza, Santa Fe, Argentina). Animase humanly handled according to
the National Institutes of Health guide for theecand use of Laboratory animals (NIH
8023, 1978). In addition, all the procedures wemgraved by the Ethical Committee for
Animal Experimentation (FCV-UNL, Esperanza, SargaArgentina), and were made
following the recommendations of the INLAIN aninfatility (Zacarias et al., 2014).

Twenty eight mice were clustered in four groupsésemice/group) and received,
during 25 consecutive days and by gavage, 300 1bf @ny of the following samples: Y,
yoghurt; YE, yoghurt + 600 mg EPS'l(equivalent to 9 mg kbd?); YB, yoghurt + 5x18
cfu mL* B. animalissubsplactis INL1; YEB, yoghurt + 600 mg EPS1+ 5x1¢ cfu mL*
B. animalissubsplactis INL1. All animals simultaneously and ad libituncegved sterile
tap water and a conventional balanced diet (CogparaBuenos Aires, Argentina). The
diet composition was the following: 230 gkgrotein, 60 g kg crude fibre, 100 g kg

total minerals, 13 g kjCa, 8 g ki de P, 120 g kjwater and vitamins.

2.4.3. Bifidobacteria counts in faeces

Faeces samples were obtained at 0, 8, 18 and 2%gdhe use of individual
metabolic cages (Tecniplast, Buguggiate, Italy)d@t counts of total bifidobacteria, DNA
extraction and SCFA quantification. Total bifidob&ta were determined on RCM agar
(Reinforced Clostridial Medium, Biokar) with thelesetive supplement for bifidobacteria
MUP (mupirocin, Merck, Darmstadt, Germany) accogdion Fanning et al. (2012), at
initial time (before receiving treatment) and al.8,and 25 days post-treatment. The
selection of this medium was based on the suppl&tien with MUP, an antimicrobial
compound that acts as a selective agent for thbiiitm of anaerobic bacteria with the

exception of bifidobacteria. The first dilution wdsne in sterile PBS buffer and the

10



231  mixture was placed in stomacher for 3 min at maxmgpeed. Successive dilutions were
232 donein 0.1% peptone water (w/v). The plates wecabated under anaerobiosis

233 (Anaerocult®, Merck) at 37 °C for 48 h and the ntmiogy of the different colonies was
234  verified microscopically (1000%, phase contrast)esting those typical of bifidobacteria.
235

236 2.4.4. Estimation of the levels of different baeategroups in faeces by gPCR

237 Total DNA was extracted using the QIAmp DNA Stoahivkit (Qiagen) from the
238  diluted faeces (1:10 in PBS) that were previousignbgenised by stomacher (3 min at
239  maximum speed). Samples were kept at —20 °C tnatitoment of DNA extraction and
240 subsequent amplification. The selection of the ab@l groups that were analysed was
241  based on in vivo studies carried out by referemoeps using BALB/c mice (Gomez-

242  Gallego et al., 2012).

243 The quantitative PCR was done with a StepOnePrsriiicycler (Applied

244  Biosystems, Foster City, CA, USA), using the Po®¥BR Green PCR Master Mix

245  (Applied Biosystems). The reaction cycles, forcalses, were: 95 °C during 10 min and 40
246  cycles of amplification (95 °C for 15 s, T° annaglifor 1 min). The optimal annealing
247  temperatures for each reaction, the primers ubedgfficiencies obtained in each

248  calibration curve, as well as and the standard, .seddetailed in Supplementary material
249  Table S1. The Rvalues were higher than 0.994 in all cases.

250 DNA extractions from cultures were performed witle same kit used for mouse
251  faeces but from 5 mL of an overnight culture, tdakiha cell count was done on the same
252 day of the extraction. Three of the standard DNA&senpurchased from the German culture
253  collection (DSMZ): DSM 17677 fror€lostridium leptumDSM 20438 from

254  Bifidobacterium catenulatud®SM 935 fromClostridium coccoidesand for practical
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purposes DNA was considered to come from an irgtiétlire of 1x18cfu mL™. All

cultures were grown from an isolated colony andlaterminations were made, at least, in
duplicate for each sample. For primers correspanttirspecie8. breveandB. bifidum as
well as for the genuStaphylococcyssalues lower than the detection limit were obedim

all samples analysed.

2.4.5. Quantification of SCFAs in faeces

The determination of SCFAs was carried out frontéseusing HPLC at initial
time, 8, 18 and 25 days post-treatment, accordirigetrario et al. (2014) with some
modifications. The samples were diluted 1:10 imilgtéBS, treated in stomacher (3 min at
maximum speed) and centrifuged 10 min at 10,080 hen the supernatant was acidified
with a fixed volume of concentrated$O, for all samples until pH 2 was reached,
centrifuged as described previously, and finalkgfed (45um, Millipore) before injecting
the samples to the equipment. The chromatograghkte® consisted of a quaternary pump,
an in-line degasser, a manual injector, an ovetefoperature control of the column and
two in-line detectors: UV-visible (210 nm) and agdtive index (Perkin Elmer). The data
were analysed and processed using the Chromera®esef An Aminex HPX-87H, 300 x
7.8 mm column, an Aminex Cation-H column guard ¥30.6 mm) (Bio-Rad Laboratories)
and an isocratic flow of 0.6 mL mifrwith a mobile phase of 430, 0.01m were used, at a
temperature of 65 °C. The identification was madté the UV and IR detectors comparing
the retention times of standard solutions (Signmdriah), while the quantification was
carried out by means of the refractive index detesince the chromatograms obtained

were cleaner. Three replicates of each sample dare.
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2.4.6. Determination of s-IgA and cytokines in dnmaéstine

After the feeding period, animals were injectedaperitoneally with an anaesthetic
cocktail prepared with 1.8 mL of ketamine (50 mgnKetonalTM, Richmond Vet
Pharna, Argentina), 0.9 mL of xylazine 2% (Alfasangentina), 0.3 mL of acepromazine
(10 mg mL*, Acedan, Hollyday, Argentina) to a final volumeldf mL, adding 7 mL of
sterile saline solution. It was kept at 4 °C utité moment of application (0.3 mL per
mouse). Mice were then sacrificed by cervical diatmn. Liver was removed and
homogenised in 5 mL sterile PBS and pour plated &RV agar (37 °C for 24 h in
aerobiosis) to evaluate translocation of enter@vacto liver. s-IgA and cytokines were
determined as described previously by Ale et &1162). s-IgA was determined in
intestinal fluid and cytokines IL-10, IL-6, TNé&-and IFNy were determined in the distal
small intestine tissue (jejunum and ileum), usimg ¢orresponding mouse ELISA Set (BD

OptEIA, BD, Biosciences PharMingen, San Diego, O8A).

2.4.7. Histological analysis

Histological analysis was done as described by 8atral. (2017). Briefly, it
consisted of placing the tissues in cassettesistolbgy and submerging them overnight in
a solution of formaldehyde (4%, v/v, in PBS; Ciedhy Buenos Aires, Argentina). The
next day, the tissues were dehydrated by succesassages in solutions with increasing
concentrations of ethyl alcohol. For rinsing, tlassettes were allowed to dry on absorbent
paper and treated with toluene for 30 min. Oncedjrihe samples were embedded in
paraffin and the sections were kept at 4 °C. Feriistological analysis, jom sections
were made and stained with May Grindwald (MG)-Gien$e dye MG was diluted 1: 5

and the Giemsa 1: 100 in distilled water. The garafas removed and the sections were

13
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326

rehydrated in successive baths of toluene, etloghall and, finally, distilled water. The
coloration consisted in leaving the section 15 miMG (37 °C), 40 min in Giemsa (37
°C) and two subsequent baths in distilled water.tke differentiation, the samples were
placed 30 s in acetic acid (dilution 1: 100) ands10 alcohol/acetone (50: 50). Finally, the
assembly was carried out, leaving the sectionsluene for a few seconds. A drop of
EUKITT® (Sigma Aldrich) was placed on each slidel diney were allowed to dry at room

temperature. At least two sections were analysedmenal.

2.5. Statistical analysis

For statistical analysis, SPSS software (SPSS Giucago, IL, USA) was used.
ANOVA or Kruskal-Wallis was applied if the ANOVA asmptions were not satisfied, to
analyse the treatment factor at a fixed time. Tifferénces between means were
determined by the Tukey test or by Dunns, respelstiRepeated measures test was
applied to analyse the factor time. Sphericityeciit was always verified by the Mauchly
test, and the multivariate statistics were considén the case this criterium was not
satisfied. Multiple comparisons were made with Bordni. The differences were
considered significant whegn< 0.05 for all the tests described above. In aoldjta
principal components analysis was included for S€BAd bacterial groups, for which the

Minitab 16 statistical program (Minitab Inc., St&ellege, PA, USA) was applied.

3. Results

3.1. Preliminary in vitro assay to analyse the inmomodulatory role of EPS

14
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Table 1 shows the results obtained for the quaatibhn of TNFe, IL-6 and IL-10
cytokines in the supernatant of the THP-1cellsté@avith purified and crude EPS, at a
concentration of 12.6g mL™* and 60ug mL*, respectively. Simultaneous comparisons
were done between all groups: cells treated witlkdeor purified EPS, LPS or untreated
cells. Regarding TNfe-cytokine, significant differencep & 0.05) were observed between
cells treated with LPS (lipopolysaccharide, posittontrol) and those untreated, as
expected, and between purified EPS and controloattireatment. No significant
differences were detected for cell treated wittder&PS extract. On the other hand, EPS in
either form, purified or crude, seem not to havecéd the levels of cytokine IL-6. For the
cytokine IL-10, there were no significant differesdoetween the cells treated with pure
and crude EPS, while the levels of cells treatdtt WS or untreated could not be

detected.

3.2. In vivo assay to analyse the functional @fl&€PS as a food ingredient in yoghurt

The chosen dose for EPS extract was appropriaddess the experimental in
vivo design, since no translocation was observedige from different groups, supporting
the safety of the EPS and the probiotic strairtifeir combination) at the proposed dose for

oral consumption.

3.2.1. Bifidobacteria counts in faeces
Fig. 1 shows the results for bifidobacteria cowait8, 18 and 25 days of treatment,

subtracting the initial level of bifidobacteria froeach mouse, in logarithmic scale. After 8
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days of treatment, significant differences werenfbbetween YE and YB groups, the latter
presenting approximately one more order than tisé ft 18 days no significant
differences were seen between groups, probablyaiiee high variability obtained, and, at
the end of the treatment. No group differed from ¢bntrol group.

The reason for the great variability observed (iiyaan 18 days of treatment)
remains unknown, but it could be due to intrinsaciability among mice population, as
well as to the methodology employed for bactermird. Although cell morphology was
checked for all colonies, possibly some of themeweot effectively bifidobacteria. DNA
sequencing of each colony would have been needeahform its nature, but it was beyond

the scope of this work.

3.2.2. Estimation of the levels of different baategroups in faeces by gPCR

The universal primers were designed to have spéyifivith the conserved regions
of the rRNA-16S of prokaryotic cells (Baker, SmighCowan, 2003), so they are related to
the total microbial load present in the intestimethis case, no differences were observed
between groups at each time evaluated, but a signifeffect was observed for the control
group (Y) during the time of treatment (Fig. 2AX 26 days the levels of total bacteria
were significantly lowerg{ < 0.05) than those observed at 8 and 18 days hEaemaining
groups there were no significant differences thhmug time.

When the levels of the genB#idobacteriumwere estimated, significant
differences were detected for the factors timetasmtment (Fig. 2B). Differences among
treatments were observed only at 25 days for themV¥EB, which presented values
significantly higher than the group YR € 0.05), but none differed from the control group

(Y) and group YB. This was also confirmed by thi# ceunt estimations, since at 25 days,
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the group YEB presented higher levels of this ganu®mparison with the group YE (Fig.
1). When evaluating the influence of time on eaehtment, the control group (Y) and the
group that received only EPS (YE) presented lesigisificantly lower at 18 days than
those obtained at 25 days, indicating that the |atiom of bifidobacteria increased towards
the end of the assay. No significant differencesevedserved during time for YB
treatment, while the levels obtained after 25 dagee higher than those observed at 8 and
18 days for YEB groupp(< 0.05). Thus, considering both factors, the ressiiggest that
the combination of the two ingredients, EPS andifidobacteria, would play a possible
synergic role, since the levels of the geBuglobacteriumat the end of the treatment
remained higher than those obtained at 8 and 18 dtashould be highlighted that, for the
statistical analysis of the design applied, whenptesence of repeated measures over time
is considered as another source of variabilityetéel estimation of the error is produced.

Estimations of the levels of the spediscatenulatungFig. 2C) in the mouse
faeces were also done. As the interaction betwaendnd treatment factors was
significant, it was not possible to analyse thepesately. When this occurred, ANOVA (or
Kruskal-Wallis) was applied at fixed time points)ce the treatment groups were
independent. At 8 and 25 days no significant défifeles were observed between
treatments, but at 18 days significant differengese observed among the groups Y and
YE, presenting the latter minor levels. Apparentigither the EPS extract nor the
bifidobacteria would stimulate the developmentho$ bacterial species in the intestinal
tract of the animals.

The levels of thd. animalisspecies were also determined by gPCR and the
interaction between factors was again significarnt 0.05). Differences were observed at

all times evaluated and a general tendency to aseréevels towards the end of the assay
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was appreciated (Fig. 2D). After 8 days, the grabps received the bifidobacteria (YB
and YEB) presented significantly higher levels tittaa control group (Y). Although this
increment could be associated to the administratidhe probiotic strain, it is interesting
to evaluate the estimations after 18 days. Indasge, the only group that presented
significant differences in comparison with the cohgroup was YEB, indicating that the
combination of EPS and bifidobacteria was morec#iffe in increasing the levels of the
speciesB. animalisat this time. At 25 days, only significant diffeces were observed €
0.05) between groups YEB and YE, but none wasreiffiefrom the control group.

Regarding th&€. coccoidegroup, time and treatment factors presented sogmif
differences (Fig. 2E). YE group showed significgmtiwer levels than YEB group at 8
days, but both were similar to the control grougéw analysing the effect of time for each
treatment, differences were detectpa (0.05) between days 18 and 25 in comparison with
day 8 for group YE, indicating a significant incseaof this bacterial group which remained
high towards the end of the treatment. For the gnoEB, differences were seen between
days 18 and 8, while time did not have a signifiegfect on the other treatments. This
information suggests that EPS could be responiibléne increase in the levels of this
bacterial group over time, being more effectiverait8 days of administration, and this
effect seems to be more important when EPS was io@ehlwith the probiotic strain at 18
days of treatment.

For the gener8&treptococcugFig. 2F) and_actobacillus(Fig. 2G) and the group of
C. leptum(data not shown), no significant differences wedrsesved among treatments and

control group.

3.2.3. Quantification of SCFAs in faeces
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423 Fig. 3A shows the results obtained for lactic aeithough it is not considered a

424  SCFA, its levels are related to the metabolismABland other intestinal bacteria. Also, it
425 is feasible to be converted to butyrate and pragd®iby the gut microbiota (Bourriaud et
426  al., 2005). In our study, after 8 days, group YBw&d significantly higher concentrations
427  of lactic acid than YE, but none was different frdma control group. At 18 days no

428  differences were observed between treatments, &h2& days the control group Y

429  presented higher lactic acid levegts<0.05) than the groups that received the

430  bifidobacteria, either alone or together with tHeSE These results suggest that, despite the
431  fact that the group YB reached high levels of aetid at 8 days, these levels were

432  significantly lower at the end of treatment in caripon with the control group, either in
433 combination or not with the EPS bf fermentunif2.

434 Regarding acetic acid (Fig. 3B), the group YE pnése levels significantly higher
435  at the end of the treatment in comparison withysdg&or the other treatments, no

436  significant changes were observed during the 25 déintervention, or among the four
437  groups at each time analysed. The same observationse made for the results obtained
438  for butyric acid and the sum of the three SCFAg.(BC and 3D, respectively), showing an
439  increment in the levels of both acids for group Y&r propionic acid, despite presenting a
440  similar behavior, no significant differences weleserved among groups or during

441  treatment (data not shown).

442 These results indicate that the treatment thatuies/the production of acetic acid,
443  butyric acid and the sum of the three SCFAs is MEhe case of the combination of both
444  ingredients (group YEB), no significant differencesre observed during treatment.

445  Considering these results, it seems that EPS #aaale to exert a clear effect on the

446  production of SCFA, effect that was not detecte@mnvbombined with the bifidobacteria.

19



447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

The analysis of principal components (Fig. 4) waduded to summarise the results
for the levels of some bacterial groups studiedh(eivere included in this analysis, those
which presented more influence) and the levelsieffour organic acids at 25 days of
treatment. From Figs. 4A and 4B, which show theesemd loading graphs for the first two
principal components (PC), respectively, it carobserved that all the variables of the
bacterial groups impact mainly on the PC1, whiteftee other hand, an influence mainly of
organic acids is observed on the PC2. It coulddpeexiated that samples YEB and YB
were grouped in the negative hemiplane of PC1,adtarised by the variables
Bifidobacterium StreptococcusB. animalis B. catenulatunandC. coccoides

In general, samples YEB were grouped at a greatartte than YB from the
origin, indicating that these variables have a @greaffect on the YEB samples. The control
samples (Y) were mainly grouped in the positive iptane of PC2, characterised by the
variables lactic acid, enterobacteria &atobacillus On the other hand, YE samples were
grouped, together with YE and YB, in the negatieeniplane of PC2, characterised by
butyric, acetic and propionic acids. It can be obse that the treatment with EPS (YE)
caused a greater impact on the concentration d@eA in the faeces of the treated
animals, while the treatment with the combinatibbath ingredients (YEB) had a more
marked influence on the population of bifidoba&emainly, and on the genus
Streptococcusand the cluste€. coccoidesat 25 days. The group YB presented, on the

other hand, an intermediate behaviour, locatetercentre of the plane.

3.2.4. Determination of s-IgA and cytokines in kméestine
Quantification of the level of different cytokin@g-10, IL-6, IFN-y and TNFe) in

small intestine tissue is shown in Fig. 5A. Althauge two groups that received EPS
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extract (YE and YEB) presented higher values ofrégilatory cytokine IL-10 than the
other groups, no significant differences were obsetifor all the cytokines evaluated. Fig.
5B shows s-IgA concentrations in intestinal flurdlano significant differences were
observed between treatments, probably becauseakiemnmm peak occurred before 25
days. This could be justified considering thatgn#icant increase in s-IgA concentration
was observed at 15 days of treatment, when theviEB&dded to yoghurt at half the

concentration used in the present assay (Ale ,2@l6a).

3.2.5. Histological analysis

The applied treatments caused no damage to thsimgkemucosa since normal
morphology for both the small (Fig. 6) and largestines (data not shown) of all the mice
was observed. None of the tissues exhibited sigimglammation or lymphocytic

infiltration towards the mucosa and submucosa.

4. Discussion

By in vitro analysis, we could demonstrate that B8 L. fermentunif2, in its
purified form, caused an increase in the levelhefproinflammatory cytokine TNE;
while both forms of EPS (purified and crude) proeli@n increase in the regulatory
cytokine IL-10. As TNFe is an important proinflammatory cytokine, a stiatidn of its
levels represents a typical immune tolerant phgretoth TNFe and IL-6 play an
important role in the signalling system for thdiation of the mucosal inflammatory
response when the host intestinal epithelial serfaéenvaded by microbial pathogens (Jung

et al., 1995). In addition, IL-10 is essential fivaintaining the integrity and homeostasis of
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495 the epithelial layers, limiting the damage causgdital and bacterial infections through
496 the repression of proinflammatory responses thaldded to unnecessary tissue

497  disruptions (lyer & Cheng, 2012). Thus, TNFand IL-10 have potential implications

498  given its central role in the inflammatory bowedelses, both Crohn’s disease and

499 ulcerative colitis (Papadakis & Targan, 2000).

500 Gao et al. (2017) have reported changes in a nuofl@oinflammatory cytokines
501  (IL-12, IL-6 and TNFe) with pre-treatment with EPS from rhamnosu$G in

502 combination with LPS stimulation when compared Wit LPS stimulation alone. Lépez
503 et al. (2012) studied the cytokines produced imgberal blood mononuclear cells treated
504  with EPS purified from different bifidobacteria. @hdid not detect any significant

505 differences in the levels of ILB1 IL-17 and IL-8 either with the presence of p@diEPS
506 orthe EPS producing strains with respect to therob In this case, the concentration of
507 IL-10 was not modified with the EPS but it was emsed with the producing bacteria,
508  while the concentrations of IFiNand TNFe were increased with both EPS and their
509  producing bacteria In general, they observed thatral and high molecular mass (3*10
510 kDa; Vaningelgem et al., 2004) EPS were not effitte induce the immune response,
511  while those with low molecular mass (€MDa) and negative charge triggered a stronger
512  response.

513 Considering the chemical and structural charadiesisf theL. fermentunif2 EPS
514  extract (two uncharged fractions of low and higkrage molecular mass, unpublished
515 data), it seems that the low molecular mass potysade could have directed the response
516 obtained, since it is present in a higher propartlman the high molecular mass

517 polysaccharide (unpublished data). According toreaults, the purified EPS from

518 fermentunif2, at a single concentration studied (12g6mL™") was able to cause a
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stronger immune response than the crude extraoylsting the production of the
cytokines TNFe and IL- 10, while crude EPS (6@ mL™"), induced only the production of
IL-10. In view of this information, the purified fim triggers a stronger immune response
towards a proinflammatory profile when the concatiins between the cytokines TNF-
and IL-10 are compared (433 versus 28 pg'nln contrast, crude EPS only significantly
stimulates the production of IL-10 (37 pg Mlindicating that, possibly, there may be
some components of unknown nature (maybe peptideteins) in the crude extract that
inhibit the production of this proinflammatory ckine. As described by Pefia and
Versalovic (2003), intestinal lactobacilli can puoe soluble protein factors that
presumably bind to cell surface receptors and ihkimthesis or secretion of TNk

These authors observed that, in the cade dfamnosu$sG, a decrease of TNk
production in LP&activated murine macrophages took place by a coimdependent
manner. Further investigations should be carrigdmalucidate the nature of the
components present in the EPS crude extract apbbe the mechanisms of these effects
and their in vivo relevance.

Moreover, it is well known that gut microbiota dystis impact in the development
of diverse chronic disorders such as inflammatawydd disease and, therefore, is a key
target for the intervention with functional ingredts (probiotics and/or prebiotics), which
could modify the altered gut microbiota, restorthg health state (Burns et al., 2017). In
this scenario, EPS with functional properties desti@ted and administered as food
ingredients (as in this case), could function dsa@layers. For this reason, we decided to
study the modifications of the mice microbiota aliby the administration of the EPS of
L. fermentunif2 in a dairy matrix, alone or combined with a Ipiatic bifidobacterium.

Although the faecal microbiota does not strictlfleet the entire gastrointestinal
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ecosystem, the determination of bacterial levefa@tes can be considered an acceptable
approximation of the bacterial content of the distdon (Hamet et al., 2016). From the
analysis of the universal primers, it could be ssggd that the administration of EPS and
B. animalissubsplactisINL1, separately or together, would prevent therelase of the
microbial load over time, when compared with theugr that received only yoghurt.

When the levels of the genB#idobacteriumwere estimated by cell counts,
although it is more difficult to observe a cleandency due to the variability of the results
among animals, at day 25 the difference detectechs@o obey exclusively to the presence
of the bifidobacterium strain added. In this catse/ould be more appropriate to considerer
the results of gPCR determination for this bactey@mus due to the high specificity of the
method. The qPCR results indicated that the conibimaf EPS and the probiotic strain
(group YEB) seems to be effective in increasinglévels of the totaBifidobacterium
during all the evaluated period (difference of g cfu g*), approximately, between 8 and
25 days of treatment) when compared with the gadignimals that received exclusively
B. animalisINL1 (group YB; difference of 0.4 log cfu', indicating that the combination
of both ingredients exerted a possible bifidogeale. Salazar, Gueimonde, Hernandez-
Barranco, Ruas-Madiedo, and de Los Reyes-Gavil@g@3)observed, by batch cultures of
faecal samples, that 11 different bifidobacteri@lSehad a bifidogenic effect, detecting
(PCR-DGGE) changes of other microbial groups duf@mmentation, mainly of
BacteroidesE. coliand microorganisms related to the second. Hanadt €016) showed
by DGGE that, when kefiran was orally administei@8ALB/c mice, it modified the
intestinal and faecal microbiota, increasing thpypation of bifidobacteria. Sarikaya et al.

(2017) found that the lyophilised EPSLoffermentuniB-69, at a concentration of 1 mg
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566 mL™, exerted a bifidogenic effect & breveBASO-1 strain and prevented the formation
567  of biofilms by pathogenic bacteria.

568 In our case, although at 25 days of treatment thegYEB showed significant

569 differences only with group YE, we consider thace the repeated measures test presents
570 a better estimation of the error than ANOVA, it webbe also valid to evaluate the

571  evolution along time for each group. For the bibdoteria species analys&l,

572  catenulatunmandB. animalis no significant changes during time of treatmentld be

573  evaluated due to the significant interaction ami@agprs. But, when comparison among
574  treatments was considered, for the first one aldexel (p < 0.05) was observed at 18
575 days for mice that received EPS (YE) with respec¢he control group, but this difference
576  was not appreciated at the end of treatment. Icdlse oB. animalis the groups that

577  received the bifidobacteria with EPS (YEB) or al¢i8), presented significantly higher
578 levels than the control group at 8 days of treatmehich remained significant only for the
579 group YEB at 18 days. At the end of treatmentgedups were statistically similar to the
580  control group. These results suggest that the adtration of EPS could have helped to
581  maintain the levels of this species different fritva control group for a longer time of

582  treatment.

583 SCFAs are volatile fatty acids produced by thergigrobiota in the large bowel as
584 fermentation products from food components thauabsorbed/undigested in the small
585 intestine, having distinct physiological effectshas been shown that bifidobacteria can
586  protect the host against enteropathogenic infestibrough the production of acetate

587 (Fukuda et al., 2011). Acetate has been relatagpetite reduction through its interaction
588  with the central nervous system (Frost et al., 2@l the three SCFAs have been

589  associated with intestinal anti-inflammatory prdjgsr (Tedelind, Westberg, Kjerrulf, &
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Vidal, 2007). Butyrate participates in the motildf/the colon, reduces inflammation,
increases visceral irrigation, induces apoptosisiahibits the progression of tumour cells,
properties that contribute with the prevention abcectal cancer (Canani, 2011; Zhang et
al., 2010).

From gPCR quantifications, the levels@fcoccoideggroup that belong to the
Clostridiumcluster XIVa), were favoured over time for EPS agngption, either
individually or in combination with the bifidobactem. This group has been described as
an essential component of the human gut microiji@smcan, Barcenilla, Stewart, Pryde,
& Flint, 2002), being responsible for the syntheditarge amounts of butyrate that is not
only used as the main energy source of the colahedal cells (Barcenilla et al., 2000;
Duncan et al., 2002), but also inhibits the expogsef proinflammatory cytokine mRNA
in the mucosa (Segain et al., 2000). In additiba,decrease in this group has been related
to a higher incidence of Crohn's disease (Manictetrah., 2006). Considering this
information, the increase in the final concentmatd butyric acid in faeces for the group
YE could be probably associated to the increaserabd for theClostridium coccoides
cluster. These results suggest a positive impabteaith, evidencing a functional role of
the EPS produced y fermentunif2. In a review by Besten et al. (2013), the tielaship
between SCFA and intestinal microbiota was desdriBecording to this work, the
phylumBacteroidetesvould be related to the production of acetate angipnate, while
the phylumFirmicutes(including Clostridiumgenera) would be more linked to the
synthesis of butyrate, reinforcing the observatioihsur study. The results regarding the
gPCR determinations, as well as the SCFA levelse wemmarised in the biplot (PCA

analysis), which indicated that an increase inekels ofBifidobacterium Streptococcus

26



613  B. animalis B. catenulatunandC. coccoidegan be related to the YEB group, while

614  increased levels of SCFA can be related to thepgtioat received EPS solely (YE).

615 When the role of EPS on immunomodulation was aealys/ determining the

616 levels of s-IgA and cytokines in small intestine,effect was evidenced at 25 days of

617  treatment. Although in a previous report an immuaduoiatory effect (increase on the level
618  of s-IgA) was observed for this EPS extract aftedays of administration (Ale et al.,

619 2016a), a consequence of the prolonged adminmtrabuld be assumed in the present
620 study. The observations by other authors (Morenbeddanc et al., 2008) could justify our

621 results.

622

623 5. Conclusion

624

625 We demonstrated that, when added as a food ingieidigoghurts, the EPS crude

626  extract fromL. fermentunif2 exerted a possible prebiotic role reflecte@mincrease in
627  SCFA levels in faeces towards the end of the treatpwhich could be explained by an
628 increase in the levels of the bacterial groups d@natknown to produce these beneficial
629  acids for health (cluster XIVa @lostridium also known a€. coccoidegroup). When
630 this EPS was combined with the probiotic stiairanimalissubsplactisINL1, a

631  bifidogenic effect throughout the time of treatmesais appreciated, improving the effect
632  observed for both individual ingredients, fact tbatild be associated with a possible
633  synergism between them, suggesting a possibleaynbole. Although it would be

634 necessary to demonstrate the effective health hexssbciated to the recent definition of
635  prebiotic, considering our results, together witbvious studies referring to other

636  functional (protection again§almonellanfection and immunomodulation) and
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technological properties, the application of theSEPude extract frorh. fermentunif2 as

a potential techno-functional ingredient can beppse®d for the design of novel foods.

Acknowledgements

This work was financed by the Agencia Nacional datcion Cientifica y
Tecnoldgica (ANPCyT) and by the Consejo de Invesiignes Cientificas y Tecnoldgicas
(CONICET) through the projects PICT-2014-2046 aifel 2013 (112 201201 00124CO),
respectively. The in vitro assay was done througbliaboration with Prof. Paul O’'Toole
(University College Cork) and his team, by meana stholarship provided by the

Erasmus Mundus programme (AMIDILA).

References

Ale, E. C., Perezlindo, M. J., Burns, P., Tabacnt&anReinheimer, J. A., & Binetti, A. G.
(2016a). Exopolysaccharide frdmactobacillus fermenturhf2 and its functional
characterization as a yogurt additiveurnal of Dairy Researci83, 487-492.

Ale, E. C., Perezlindo, M. J., Pavon, Y., PergBaH., Costa, S., Sabbag, N., et al.
(2016b). Technological, rheological and sensoryadtarizations of a yogurt
containing an exopolysaccharide extract fioastobacillus fermenturhf2, a new
food additive Food Research Internation®0, 259-267.

Amatayakul, T., Sherkat, F., & Shah, N. P. (20@3neresis in set yogurt as affected by
EPS starter cultures and levels of solldsernational Journal of Dairy Technology

59, 216-221.

28



661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

Baker, G. C., Smith, J. J., & Cowan, D. A. (20@¢view and re-analysis of domain-
specific 16S primerslournal of Microbiological Method$5, 541-555.

Barcenilla, A., Pryde, S. E., Martin, J. C., Dunc8nH., Stewart, C. S., Henderson, C., et
al. (2000). Phylogenetic relationships of butynateducing bacteria from the
human gutApplied and Environmental Microbiolog§6, 1654—1661.

Besten, G., den, van Eunen, K., Groen, A. K., Vemef, Reijngoud, D.-J., & Bakker, B.
M. (2013). The role of short-chain fatty acids e tinterplay between diet, gut
microbiota, and host energy metabolisiournal of Lipid Researctb4, 2325-2340.

Bourriaud, C., Robins, R. J., Martin, L., Kozlowski, Tenailleau, E., Cherbut, C., et al.
(2005). Lactate is mainly fermented to butyratehbgnan intestinal microfloras but
inter-individual variation is evidendournal of Applied Microbiology99, 201-212.

Burns, P., Alard, J., Hkd J., Boutillier, D., Pdez, R., Reinheimer, Jale(2017). Spray-
drying process preserves the protective capacigylweast milk-derived
Bifidobacterium lactistrain on acute and chronic colitis in mi€eientific Reports
7, Article 43211.

Canani, R. B. (2011). Potential beneficial effeaftbutyrate in intestinal and extraintestinal
diseasesWorld Journal of Gastroenterolog$7, 1519.

Cencic, A., & Chingwaru, W. (2010). The role of @tional foods, nutraceuticals, and food
supplements in intestinal healtiutrients 2, 611-625.

Collins, S., & Reid, G. (2016). Distant site effedf ingested prebioticdlutrientss,

Article 523.

Duncan, S. H., Barcenilla, A., Stewart, C. S., r\y8. E., & Flint, H. J. (2002). Acetate

utilization and butyryl coenzyme a (CoA):acetateAQransferase in butyrate-

producing bacteria from the human large intestpplied and Environmental

29



685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

Microbiology, 68, 5186-5190.

Fanning, S., Hall, L. J., Cronin, M., Zomer, A., d&harry, J., Goulding, D., et al. (2012).
Bifidobacterial surface-exopolysaccharide faci#&atommensal-host interaction
through immune modulation and pathogen protectoaceedings of the National
Academy of ScienceR09, 2108-2113.

Ferrario, C., Taverniti, V., Milani, C., Fiore, WLaureati, M., De Noni, ., et al. (2014).
Modulation of fecal clostridiales bacteria and vatg by probiotic intervention
with Lactobacillus paracasddG varies among healthy adulf®urnal of Nutrition
144, 1787-1796.

Frost, G., Sleeth, M. L., Sahuri-Arisoylu, M., Libe, B., Cerdan, S., Brody, L., et al.
(2014). The short-chain fatty acid acetate redappetite via a central homeostatic
mechanismNature Communication$, Article 3611.

Fukuda, S., Toh, H., Hase, K., Oshima, K., Nakanih Yoshimura, K., et al. (2011).
Bifidobacteria can protect from enteropathogeniedtion through production of
acetateNature 469, 543-547.

Gao, K., Wang, C., Liu, L., Dou, X., Liu, J., Yudn, et al. (2017). Immunomodulation
and signaling mechanism béctobacillus rhamnosuSG and its components on
porcine intestinal epithelial cells stimulated fpolpolysaccharidelournal of
Microbiology, Immunology and InfectipB0, 700—713.

Gibson, G. R., Hutkins, R., Sanders, M. E., Prés&otL., Reimer, R. A., Salminen, S. J.,
et al. (2017). Expert consensus document: Theratemal Scientific Association
for Probiotics and Prebiotics (ISAPP) consensugstant on the definition and
scope of prebioticdNature Reviews Gastroenterology & Hepatology,491—-502.

Gomez-Gallego, C., Collado, M. C., llo, T., Jaalkkdl. M., Bernal, M. J., Periago, M. J.,

30



709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

et al. (2012). Infant formula supplemented withyaohines alters the intestinal
microbiota in neonatal BALB/cOlaHsd mic#gournal of Nutritional Biochemistry
23, 1508-1513.

Hamet, M. F., Medrano, M., Pérez, P. F., & Abrah&mG. (2016). Oral administration of
kefiran exerts a bifidogenic effect on BALB/c micgestinal microbiotaBeneficial
Microbes 7, 237-246.

Hassan, A. N., Ipsen, R., Janzen, T., & Qvist, K(Z®03). Microstructure and rheology of
yogurt made with cultures differing only in thebikty to produce
exopolysaccharidegournal of Dairy Scienge86, 1632—1638.

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Blestein, D. J., Pot, B., et al. (2014).
Expert consensus document: the International StieeAssociation for Probiotics
and Prebiotics consensus statement on the scoppanapriate use of the term
probiotic.Nature Reviews Gastroenterology and Hepatolddy 506-14.

lyer, S. S., & Cheng, G. (2012). Role of interleukD transcriptional regulation in
inflammation and autoimmune disea€eitical Reviews in Immunolog®2, 23-63.

Jung, H. C., Eckmann, L., Yang, S. K., Panja, Aerét, J., Morzycka-Wroblewska, E., et
al. (1995). A distinct array of proinflammatory okines is expressed in human
colon epithelial cells in response to bacteriabsion.Journal of Clinical
Investigation 95, 55-65.

Kimmel, S. A., & Roberts, R. F. (1998). Developmehta growth medium suitable for
exopolysaccharide production bgctobacillus delbrueckssp.bulgaricusRR.
International Journal of Food Microbiology0, 87-92.

Lecerf, J.-M., Dépeint, F., Clerc, E., Dugenet, Niamba, C. N., Rhazi, L., et al. (2012).

Xylo-oligosaccharide (XOS) in combination with imumodulates both the

31



733 intestinal environment and immune status in headtihjects, while XOS alone only
734 shows prebiotic propertieBritish Journal of Nutrition108 1847-1858.

735 LOpez, P., Monteserin, D. C., Gueimonde, M., deReges-Gavilan, C. G., Margolles, A.,

736 Suarez, A., et al. (2012). Exopolysaccharide-produBifidobacteriumstrains
737 elicit different in vitro responses upon interantwith human cellsFood Research
738 International 46, 99—107.

739  Louis, P., Scott, K. P., Duncan, S. H., & Flint, H(2007). Understanding the effects of
740 diet on bacterial metabolism in the large intestimairnal of Applied Microbiology
741 102 1197-1208.

742 Manichanh, C., Rigottier-Gois, L., Bonnaud, E., ®&{pK., Pelletier, E., Frangeul, L., et al.
743 (2006). Reduced diversity of faecal microbiota molth’s disease revealed by a
744 metagenomic approacBut, 55, 205-211.

745  Moreno de LeBlanc, A. de, Chaves, S., Carmuega)Eil, R., Antéine, J., & Perdigon,

746 G. (2008). Effect of long-term continuous consumiptdf fermented milk
747 containing probiotic bacteria on mucosal immunitg ghe activity of peritoneal
748 macrophagesmmunobiology213 97-108.

749  Papadakis, K. A., & Targan, S. R. (2000). Roleydbkines in the pathogenesis of

750 inflammatory bowel diseas@énnual Review of Medicing1, 289—-298.

751  Pefa, J. A., & Versalovic, J. (2008pactobacillus rhamnosuSG decreases TNF-alpha
752 production in lipopolysaccharide-activated murinecnophages by a contact-
753 independent mechanisi@ellular Microbiology 5, 277-285.

754  Polak-Berecka, M., W&o, A., Szwajgier, D., & Chomaz, A. (2013). Bifidagic and

755 antioxidant activity of exopolysaccharides produbgd.actobacillus rhamnosus

756 E/N cultivated on different carbon sourcBslish Journal of Microbiology62,

32



757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

181-188.

Rodriguez, C., Medici, M., Mozzi, F., & de Vald&z, F. (2010). Therapeutic effect of
Streptococcus thermophil@RL 1190-fermented milk on chronic gastritfgorld
Journal of Gastroenterology 6, 1622—-1630.

Rodriguez, C., Medici, M., Rodriguez, A. V, MozEi, & Font de Valdez, G. (2009).
Prevention of chronic gastritis by fermented mitkade with exopolysaccharide-
producingStreptococcus thermophilgsrains.Journal of Dairy Scieng®2, 2423—
2434,

Salazar, N., Gueimonde, M., Hernandez-Barrancd) ARuas-Madiedo, P., & De Los
Reyes-Gavilan, C. G. (2008). Exopolysaccharidedymed by intestinal
Bifidobacteriumstrains act as fermentable substrates for hunastinal bacteria.
Applied and Environmental Microbiology4, 4737-4745.

Sarikaya, H., Aslim, B., & Yuksekdag, Z. (2017).skssment of anti-biofilm activity and
bifidogenic growth stimulator (BGS) effect of lyapked exopolysaccharides (I-
EPSs) from lactobacilli strainkiternational Journal of Food Propertie20, 362—
371.

Segain, J. P., Raingeard de la Blétiere, D., Bdleré\., Leray, V., Gervois, N., Rosales,
C., et al. (2000). Butyrate inhibits inflammatogsponses through NFkappaB
inhibition: implications for Crohn’s diseas8ut, 47, 397-403.

Tedelind, S., Westberg, F., Kjerrulf, M., & Vid&, (2007). Anti-inflammatory properties
of the short-chain fatty acids acetate and progena study with relevance to
inflammatory bowel diseas@/orld Journal of Gastroenterolog$3, 2826.

Vaningelgem, F., Zamfir, M., Mozzi, F., Adriany,, Mancanneyt, M., Swings, J., et al.

(2004). Biodiversity of exopolysaccharides produbg&treptococcus

33



781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

thermophilusstrains is reflected in their production and tmealecular and
functional characteristic&pplied and Environmental Microbiology, ,/200-912.
Wang, K., Li, W., Rui, X., Chen, X., Jiang, M., &g, M. (2014). Characterization of a
novel exopolysaccharide with antitumor activityrfrhactobacillus plantarum
70810.International Journal of Biological Macromolecules3, 133—139.
Zacarias, M. F., Binetti, A., Laco, M., Reinheimér,& Vinderola, G. (2011). Preliminary
technological and potential probiotic charactersabf bifidobacteria isolated from
breast milk for use in dairy productaternational Dairy Journal21, 548-555.
Zacarias, M. F., Reinheimer, J., Forzani, L., Gedteg C., & Vinderola, G. (2014).
Mortality and translocation assay to study the gotive capacity of
Bifidobacterium lactidNL1 againstSalmonellalyphimurium infection in mice.
Beneficial Microbesb, 427-436.
Zhang, Y., Zhou, L., Bao, Y. L., Wu, Y., Yu, C. lHuang, Y. X., et al. (2010). Butyrate
induces cell apoptosis through activation of INK RIKinase pathway in human

colon cancer RKO cell€hemico-Biological Interactiond 85, 174-181.

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Figurelegends

Fig. 1. Bifidobacteria counts in faeces. Cell countsdtal time () were subtracted from
those obtained at 8, 18 and 25 days for each moukegarithmic scalex £+ SEM (vertical
bars) is presented for each group at differentgirie YE (group treated with crude EPS);
V., YB (group treated witlB. animalis subsplactisINL1); ¢, YEB (group treated with
both ingredients)®, Y (control group). Different letters indicate sificant differences

among groups at a fixed time point; determinativase done at least in duplicate.

Fig. 2. Levels of different bacterial groups in faeceggB\CR: A, universal primers; B,
Bifidobacterium; C, B. catenulatum; D, B. animalis; E, Clostridium coccoides; F,
Streptococcus; G, Lactobacillus. X £ SEM (vertical bars) is presented for each graup
different times:O, YE (group treated with crude EPY;, YB (group treated witlB.

animalis subsplactisINL1); €, YEB (group treated with both ingredient®; Y (control
group). Different letters indicate significant @fences among groups at a fixed time point,
while different number of asterisks indicates digant differences throughout time of
treatment for each group separately; determinatiere done in triplicate. Levels at t

were subtracted for each mouse, in logarithmicescal

Fig. 3. Concentrations of different organic acids in faelg HPLC: A, lactic acid; B,
acetic acid; C, butyric acid; D, total SCFAst SEM (vertical bars) is presented for each
group at different timesD, YE (group treated with crude EPY; YB (group treated with
B. animalis subsplactisINL1); ¢, YEB (group treated with both ingredient@®; Y

(control group). Different letters indicate signdint differences among groups at a fixed
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time point, while different number of asterisksisates significant differences throughout
time of treatment for each group separately. Conagons atdwere subtracted for each

mouse. Determinations were done in triplicate.

Fig. 4. Principal components analysis for different baategroups and organic acids
determined at 25 days of treatment. A) score anidd&)ing graphs are presentéd: YE
(group treated with crude EPYY;, YB (group treated witB. animalis subsplactis INL1);

¢, YEB (group treated with both ingredient@®; Y (control group).

Fig. 5. Boxplots for cytokines analysis in small intest{Ae asterisks indicate outliers), and
bar plot for s-IgA levels in intestinal fluid (B;+ SEM is represented): Y, control group;
YB, group treated wittB. animalis subsplactisINL1; YE, group treated with crude EPS;

YEB, group treated with both ingredients. Assaysendone in triplicate.

Fig. 6. Histological analysis of the distal small intestifiejunum and ileum) by May
Grunwald Giemsa staining (10x). A, control group;(8, group treated with crude EPS
(YE); C, group treated with both ingredients (YEB);group treated witB. animalis

subsplactis INL1 (YB).



Tablel

Preliminary in vitro assay with crude (60 pg Mlor purified (12.6 ug mt) EPS extract

with THP-1 cell line2

Cytokines

Sample

% + SD (pg mL)

TNF-a

IL-6

IL-10

Crude extract
Purified extract
Negative control
LPS

Crude extract
Purified extract
Negative control
LPS

Crude extract
Purified extract
Negative control
LPS

3+3

433 + 161
0.5+0%
289 + 458

11 +%2
10 £+
8+%
23+ 3

37+30
28 + 10
N.D.
N.D.

@ Different superscript letters indicate significaiifferences between groups for each

cytokine analysedo(< 0.05). LPS, positive control; N.D., not detected.
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