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Abstract

The present research was aimed to investigateetimological potentialities of seven strains
of Bifidobacterium aesculapii, a species recently described, in terms of exsaalgharide
(EPS) production and as starter fermentation irbsag milk. The strain production of EPS
was firstly evaluated in model system, using défércarbon sources. Furthermore, the
fermented products obtained by the seven strairid aésculapii were tested for their EPS
content and strain cell loads, the volatile molequriofiles, the texture features and the overall
acceptance. The data showed that allBhaesculapii strains were able to produce EPS in
vitro model in presence of 1.5% and 2% glucose whilg tmir strains were able to produce
EPS in presence of lactose 2%. When the straime amployed as fermentation starters in
soybean milk, some showed a good growth poteri@ahenting the substrate in 14 hours and
giving rise to fermented products with good firreeend viscosity indexes. Moreover, five
strains out seven showed production of EPS (froto %74 pg/mL) in soybean fermented

milk.

Keywords. Bifidobacterium aesculapii, fermented soymilk, exopolysaccharides, volatile

molecule profiles, texture profile
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1 Introduction

Fermented milk obtained from spontaneous microf@ainentation has been traditionally
used by nomadic populations from Arabic peninsGlicasus and Anatolia, who based their
nutrition on milk and milk based products (Oberngahibudzisz, 1998). International Dairy
Federation defined a fermented milk product as fthikk product prepared from skimmed
milk or not with specific cultures. The microfloiakept alive until sale to the consumers and
may not contain any pathogenic germs” (Panesarl)20Repending on the fermenting
microflora (lactic acid bacteria and yeasts), fented milks could be classified as yogurt,
acidophilus milk, mayzum, buttermilk, kefir, kumémd leben, with an additional potential
functional role when a probiotic bacteria is ad@®@tviere, Selak, Lantin, Leroy, & De Vuyst,
2016). Even though fermented milks containing prtbs can improve the human health,
their sensorial features play a crucial role in pneduct acceptance by consumers. Mainly,
strains belonging tbactobacillus spp. andBifidobacterium spp. are used as probiotic bacteria
in fermented milk products. Howevaifidobacterium strains, due to the presence of oxygen
and low pH, are not able to fully explicate theiolpiotic functionalities when added to milk
based products (Kumari, Ranadheera, Prasanna, igghee, & Vidanarachchi, 2015). Also
in the human gastrointestinal traBifidobacterium strains are more affected by the stomach
conditions, such as pH and bile salt concentratmmpared td_actobacillus ones (Ferdousi
et al., 2013). Other factors, such as process peas) packaging and storage can affect their
survival, viability and activity. When probioticseaused in milk as adjuncts or co-starters,
Streptococcus thermophilus is preferred as startérstead oflactobacillus delbrueckii subsp.
bulgaricus, to overcome viability losses sindeactobacillus delbrueckii subsp.bulgaricus
increases the acidity of the product during thenfartation (GluSac et al., 2015). When
probiotic bacteria, and especiaByfidobacterium, are used as unique starter cultures for milk
fermentation, the obtained products are often dtanazed by the lack of desirable sensory

features. In particular, structural defects and laicaroma were reported for milks fermented
3
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by Lactobacillus acidophilus and Bifidobacterium spp. strains (Patrignani et al., 2016).
Incorporation of exopolysaccharide (EPS) produdaugic acid bacteria (LAB) in fermented
milks can represent a technological challenge wBiéumbacterium strains are used. In
fact, the EPS-producing LAB strains have incredgibgen used as functional starter cultures
for manufacturing fermented products due to theilitg to improve rheology, texture and
mouthfeel, and reducing product syneresis, reptpsiabilizers and increasing the mouth
thickness. EPS production fromifidobacterium is currently well documented (Hidalgo-
Cantabrana et al., 2014; Salazar et al., 2015),aasdgar source modulation on the EPS
biosynthesis irB. longum subsplongum CRC 002 has been demonstrated by Audy, Labrie,
Roy, & LaPointe (2010). However, to date, therditite information on the use of EPS-
producingBifidobacterium strains as functional starters in fermented mitidpicts (Prasanna,
Bell, Grandison, & Charalampopoulos, 2012). Theréture identifiedBifidobacterium
longum and Bifidobacterium pseudolongum strains as the most resistance to acidity and bile
salts. B. longum subsp. longum, B. longum subsp. infantis and B. breve are the species
commonly used in the production of fermented milar(kaputhra & Shah, 1995). Recently, a
novel species, nameBifidobacterium aesculapii, isolated from the faeces of the baby
common marmosetCallithrix jacchus), was described by Modesto et al. (2014). These
strains were found positive for galactosyl trareser cspD, considered one of the key
enzymes involved in the catalyses of the first stefhe EPSs-units biosynthesis (Duranti et
al., 2017).

Thus, principal aim of this research was to in\ggge the EPS production ability for sev&n
aesculapii strains in model system using two different carbouarces, i.e. glucose or lactose.
FurthermoreB. aesculapii strains were tested as starters in soybean mikk.fdfmented milk
products obtained were characterized for their EB&ent, strain cell loads, the volatile

molecule profiles, texture features and overalkatance.
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2. Materialsand Methods

2.1 Strains

The B. aesculapii strains used in this study are listedHitor! Reference source not found..
Bifidobacterium longum subsp.infantis ATCC 15697 andBifidobacterium saguini DSM
23967 were also included as controls. All strains wenétalized from freeze-dried state, in
TPY medium (BD, Milano, lItaly), generally used ftire enumeration oBifodobacterium,
and incubated anaerobically at 37 °C for 24 h. diha@erobic atmosphere was obtained using
the GasPak EZ Anaerobic Pouch system (BD).

2.2 Antibiotic susceptibility

The antibiotic susceptibility of the strains wadedmined using M.I.C.E. evaluator strips
(Oxoid Ltd., Basingstoke, UK). The OD600 of 24 hast cultures were adjusted at 0.6. One
hundred microliters of the cell culture (approxiglgt7 log cfu/mL) were inoculated on MRS
agar plates and streaked over the entire surfatteegflates. The inoculated plates were dried
for about 15 min and finally the M.I.C.E evaluatsteps were placed under sterile conditions

at the centre of the plates. The plates were thembiated under anaerobic conditions at37

for 24 h and the results were read as reported herrmo ScientificTM OxoidTM
M.I.C.EvaluatorTM (M.l.C.E.TM) Strips InterpretanoGuide. The tested antibiotics and the
relative ranges of concentrations were the follgsin Amoxycillin, 256-0.015ug/mL;
Ampicillin, 256-0.015g/mL; Ciprofloxacin, 32-0.002y/mL; Clindamycin, 256-0.01&/mL;
Erythromycin, 256-0.015ug/mL; Gentamicin, 256-0.01%/mL; Levofloxacin, 32-0.002
pug/mL; Penicillin, G 32-0.002g/mL; Tetracycline, 256-0.01/mL and Vancomycin 256-

0.015pg/mL.

2.3 Quantification of EPS
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To verify the ability of the strains to produce EPSmodel medium in relation to the used
carbon sources, 10% of an overnight culture of ea@in was inoculated and cultivated three
times anaerobically at 37 °C for 24h h in TPY prepaby addition of 1.5% (control) or 2%
of glucose (Merck, Darmstadt, Germany), or 1.5%%r of lactose (Merck). For each trial,
three replications were performed. At the end eclbation time, all samples were checked
for viable cell loads. The exopolysaccharides (E®&)action and quantification, also from
fermented milk, were performed according to thehoétby Goh, Haisman, Archer, & Singh
(2005). Briefly, after adjusting the samples to pHL00 ul of Flavourzime (10%) were added
to each sample and vortexed for 15 sec. beforédattan at 50 °C for 4 h with gentle stirring.
After the incubation, 500 pl aliquots from each plemwas transferred into 10 mL plastic
tubes containing 2.9 mL of ultra pure water and 7 @h cold absolute ethanol and finally
incubated overnight at 4 °C. After overnight inctiba, pellets were recovered by
centrifugation at 27000 g for 40 min at 4 °C, and air dried for 10 min. Fet 7 mL of cold
absolute ethanol were added to each pellet andated overnight at 4 °C. Samples were
again centrifuged at 27000gxfor 40 min at 4 °C, and air dried for 10 min, krefohe pellets
were resuspended in 1 mL of ultra pure water. Oiliditar of a phenol solution (5%) were
added to each sample and vortexed for 15 sec antubes were then kept on ice before
adding 5 mL of sulphuric acid (97%). After 30 mihilmcubation, 2 mL of each sample were
used for the optical density (OD) measurement ab 48n by spectrophotometer.
Quantifications of EPS concentrations were retidelsg comparison with a standard curve.
The standard curve was built based on the OD daddafrom water solutions at different
concentration of glucose (400 ppm, 200 ppm, 10&,p6 ppm, 50 ppm and 20 ppm) and

subjected to the same extraction protocol.

2.4 Preparation of soybean fermented milk
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All the strains were refreshed and sub-cultivated30 mL of TPY broth anaerobically
overnight. After that the cells were collected nirifugation (6000 rpm for 20 min) and
washed twice with phosphate buffer saline (PBS)e Tihoculum was prepared by
resuspending the cells in 15 mL of soybean milkyé®wink, Valsoia). For each strain, 100 pul
of inoculum were inoculated in 100 mL of soybeatknmeaching a strain cell load of about 6
log cfu/mL. For each strains, ten independent cagibbns were performed. The inoculated
soybean milks were incubated at 37 °C until thechéng of pH 4.6, after that they were
stored at 4°C for 24 h and characterized for dinain cell loads, EPS concentration, the

volatile molecule profiles and the texture features

2.5 Reduction of pH
The fermented milk pH decrease was monitored bynpéter Hanna Instruments 8519

(Incofar, Modena, Italy).

2.6 Cell load viability
The strain cell loads were determined by platingfdl@ serial dilutions in TPY agar (BD,

Milano, Italy). Plates were incubated in anaeradzindition at 37 °C for 24-48 h.

2.7Volatile profiles of fermented soy milk

The analysis of volatile molecules of soybean fere@ milks was performed by gas-
chromatography-mass spectrometry analysis combwial solid-phase micro extraction
(GC/MS-SPME) technique, according to the methoghgsed by Patrignani et al. (2016). The

analyses were performed in triplicate.

2.8 Rheological parameters of fermented soymilk



179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

After 24 h from coagulation (reaching of pH 4.6,emhpossible) and storage at 4 °C, samples
were analyzed for their textural features. Firmnesssistency, cohesiveness and viscosity
indexes were evaluated using a back extrusion(8é&4B) on a Texture Analyser TA DHI
(Stable Micro System, UK) according to the manufeats instructions. A solid rod (35 mm
diameter) was thrust into the sterile containedimgl 100 mL sample using a 5 kg load cell.
2.9 Pandl Test

A panel test was performed immediately after 2 daysrefrigerated storage. Twenty
untrained consumers evaluated colour, flavour, arwkptability of the produced fermented
milk. Each parameter was evaluated by consumes swmale from O (very poor) to 5.0 (very
good).

2.10 Determination of lactic and acetic acid

The determination of lactic and acetic acid wasfquered by using the enzymatic kit
provided by Steroglass (San Martino In Campo PG).

2.11 Data Analysis

All the data are the mean of three repetitions.rbbmlogical, textural and EPS data were
analysed by one-way analysis of variance (ANOVAhgdhe statistical package Statistica
for Windows 6.1 (Statsoft Inc., Tulsa, OK). The l@piof each descriptor to discriminate
between samples was investigated using the postcbowarisons of the ANOVA. The
volatile molecule data were analyzed by Principa@mponent Analysis (PCA) using a

Statistica software (version 8.0StatSoft., TulsK).O

3. Results

3.1 Antibiotic susceptibility

The antibiotic susceptibility of thB. aesculapii with respect to a wide spectrum of antibiotics
is reported in Table 2. The results evidenced #rabng all the considered antibiotics,

Amoxicillin, Ampicillin, Oxacillin, Penicilin G and Erythromycin, showed the highest
8
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bactericidal effect. One exception was represebnyesl |longum subsp infantis (RE06) which
resulted less susceptible to Amoxicillin, with respto all the other tested strains. In general,
all the considered strains showed low suscepihbibt Vancomycin (with the exception of

MRM_8.7) Gentamycin, and Levofloxacin, with MICsegter than 32/mL.

3.2 Production of EPS in TPY medium in relation to the Bifidubacterium aesculapii strain
and the carbon source employed

In Table 3, the amounts of EPS produced by thesdestrains, after 18 h of anaerobic
incubation in TPY at 37 °C, in relation to the aamsource added, are shown. Also the strain
cell loads after the incubation are reported. THozulum levels were about 6 log cfu/mL. In
glucose based TPY, regardless the used concentratistrains were able to grow until 8 log
cfu/mL or higher. Also in the 2% lactose based TRBIY strains were able to reach cell loads
higher than 8 log cfu/mL, with the exceptionEfaesculapii MRM 5.13 that reached a level
of 6.84 log cfu/mL. All the strains were able taguce EPS in 1.5% glucose. Particularly,
the strain MRM 3.1 produced significant high amoahE&PS in this condition (P<0.05). In
presence of 2% glucose, with the exception of trersDSM 23967, all the strains produced
EPS at levels ranging between 15 and @#BnL. The amount of EPS producky the strain
MRM 4.8 was significant higher (P<0.05) comparedhose produced by the other strains.
Only the strains MRM 3.1, MRM 4.6, MRM 4.8 and MR37 were able to produce EPSs in
2% lactose. The highest significant concentratias wroduced by the strain MRM 4.8.

3.3 B. aesculapii strain fermentation kinetics in fermented soymilk

All the tested strains were able to reach pH 4 €oymilk within 14 h of fermentation at 37°C
without significant differences among the straifg(re 1).

3.4 EPS quantification strain cell loads and acetic/lactic acid ratio in fermented soymilk

In Table 4, the production of EPS in fermented stkynm relation to theB. aesculapii

employed strain is reported. Strains MRM 5.13, MRM, MRM 4.6, MRM 4.7 and MRM
9
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4.8 were able to produce EPS at level of 5.05, 3881174.50, 33.41, 34.50 pg/mL,
respectively, while the remaining strains were Umato produce EPS at the adopted
conditions. In particular, the highest significaaincentration (P<0.05) was produced by the
strain MRM 4.6 when compared to the others. In @ahlalso the cell loads of the employed
strains are reported after the fermentation. Thairst were inoculated in milk at level of
about 6 log cfu/mL and all the strains increasedirtbell load of almost 2 log cycles. During
the refrigerated storage (Table 6), the strainisthasr viability. After 30 days, only the strains
MRM 5.13, MRM 4.7, MRM 4.8 and 8.7 maintained dekds significant higher than 7 log
cfu/mL with respect to the other strains. In tadllo the molar ratio between acetic and lactic
acid was reported. The data evidenced that theebigluantity of acetic acid was produced
by the strain RE06. On the other hand, the ferntenigk obtained with this stain received

the lowest scores for colour, flavour and accemanc

3. 5 Volatile profiles of fermented milksin relation to the employed strain

The volatile profiles of the soybean fermented milikere characterized by GC/MS-SPME
analysis, which permitted to identify 40 moleculbslonging to different classes of
compounds such as alcohols, ketones, acids, emtdraldehydes. In all the samples, in a
strain dependent way, ethanol and acetic acid idgritrom Bifidobacteriium metabolic
pathway were found. In addition, also 2-butanonehy@oxy-2-butanone and 2,3-
butanedione were found.

Further, to better understand the relations betwtbenstrains employed and the volatile
profiles obtained, the volatile results were anadlysising a principal component analysis
(PCA). In Figure 2a and 2b, the projection of sas@nd volatile molecules are reported and
the PCA analysis was able to explain more than @D#e total variance among the samples.
In particular, the fermented milk from strains MRM5, MRM 3.1, MRM 4.2 and MRM 4.7

clustered together and they were characterizedh&ytesence of acetic acid, ethyl decanol,
10



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

3-hydroxy-2-butanone. The compounds 2,3-butadidrbutanol-3-methyl formiate and4-
ethyl hexadecanol characterized the fermented ngiksluced with the strains MRM 4.8,
MRM 5.13 and MRM 8.7 while 2-butanone was the maitatile compound of the fermented

milks obtained with the use of strain REOG6.

3.6 Textural analysis and panel test of fermented milksin relation to the strains and matrix
Rheological parameters, such as firmness, cohesidhesion and viscous index, were
analysed for each fermented milk and results amnensarized in Table 5. In particular, the
strain MRM 4.7 showed the highest significant fiesa value and viscosity index (1071.2 g
and 1071.2 g*s, respectively), but the lowest cstesicy value, 23.96 g*s; while MRM 4.6
gave rise products with the significant highest sistency (P<0.05) and cohesiveness
(1399.55 g*s and 36.93 g) and it also showed gasalts for both the firmness and the
viscosity indexes. Also the data of the panel testfirmed the good quality of the obtained
fermented soy milk, showing the highest scores afeptance for the fermented milk
produced by MRM 5.13, MRM 4.6, MRM 8.7 (figure 3).

4. Discussion

The B. aesculapii strains used in this research were isolated fragtdl samples of baby
common marmosetsCallithrix jacchus) and they were described for the first time by
Modesto et al. (2014). The strains were found naeatolytic and able to grow in whole milk
under aerobic, microaerophilic and anaerobic caomht at temperatures between 25-42 °C
and pH ranging between 4.5-7.0. Due to these festtiney were tested as potential starters
for the production of fermented milks using soymalk substrate. Since the determination of
the antibiogram is considered a prerequisite inquas for the selection of starter, co-starter
or functional microorganisms by EFSA (Wedajo, 2016)e strains were investigated using a
wide gamma of antibiotics- The antibiogram resalts in agreement with literature data

(Ammor et al.,, 2007; Nueno-Palop and Narbad, 2@duiri et al., 2015). In fact, the
11
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Bifidumbacterium showed a variable spectrum of ep8bility in relation to the strain
considered. The majority of the tested strains lreduvery sensitive to Amoxicillin,
Ampicillin, Oxacillin, Penicillin G and Erythromyni Some strains were found to be less
susceptible to different antibiotics. In these c¢afether studies are needed to better
characterize the resistance mechanism, beforedimgjuthese strains in food products. In
addition, these strains were previously found to dide to codify for the galactosyl
transferasecspD, glycosyltransferases, considered to be a key meazyvolved in EPS
production (Duranti et al., 2017). In fact, withcamplex pathway, sever8ifidobacterium
strains can synthetize heteroexopolysaccharideBSNE Hypothesis about the biosynthesis
have been proposed based on the functional anabfsiew genes and on sequences
homology studies. Briefly, the EPS biosynthesiscpss includes three steps such as the
assimilation of simple sugars and conversion intcleotide derivatives, the assembly of
pentasaccharide subunits attached to a lipid tatesp p-gtf) and the polymerisation of
repeating units of pentasaccharide and extracelsggretion (Hidalgo-Cantabrana et al.,
2014). For this reason, the first step of this aesle was comparing tH& aesculapii strains
and control strainsB( longum subsp infantis andB. saguini) for their ability to produce EPS

in a TPY medium with different carbon source andaamtrations. All the strains were able to
produce EPS in presence of glucose, independentii® concentration employed. AlSo
saguini, which according a previous work (Michelini et,&015) should not produce EPS
due to the absence of the priming glycosyl trarsfer(pGTF), produced little amount of EPS.
Probably this pGTF, even if it is not present ie ttluster of EPS genes, can be present in
different positions in the genome and contributth®oEPS production.

On the other hand, only the strains MRM 3.1, MR, MRM 4.8 and MRM 8.7 were able,
although in strain-dependent way, to produce EPfrasence of lactose 2% when used as
unique carbon source. According to the hypothessipusly reported, these strains seems to

be able to hydrolyze lactose into glucose and ¢@dacdue to the presence of 3-galactosidase.
12
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This is a fundamental enzyme which also permits #ssimilation of human milk
oligosaccharides by bifidobacteria and the bifiddbaa colonization in intestine of newborn
infants (Miwa et al., 2010). Although generally ihgr the milk fermentation process,
bifidobacteria like other lactic acid bacteria, lisé lactose after the hydrolysis by [3-
galactosidase to produce monosaccharides, thatactte of this enzyme is strain dependent
and some authors have reported the treatment of bdidobacteria strain with high intensity
ultrasounds to increase the carbohydrate metabslisrthe strains (Nguyen et al., 2012). Li
et al. (2012) found a relatively strong and (3-galactosidase activity Bifidobacterium
animalis subsplactis V9 and BB12. Osman, Tzortzis, Rastall, & Charalapgados (2010),
with the development of a mathematical model, destrated that the hydrolysis of lactose in
B. bifidum NCIMB 41171 was dependent on lactose concentrat@mnperature, cell biomass
and cultivation time. In this research, the stra¥RM 3.1, MRM 4.6, and MRM 4.8 can be
regarded as high producers of BRSitro model in all the condition tested, reaching alsib ¢
loads higher than 8.0 log cfu/mL. Due to their effen rheological properties such as
stabilizing and improving the viscosity, the useE®S producing microbial strains has been
proposed as strategy to improve textural propedfefermented milks also produced from
low fat milk, generally characterized by scarcetuexi properties (Becker, 2015). Also
Mende, Rohm, & Jaros (2016) have underlined theaohpf microbial EPS from lactic acid
bacteria (LAB) on dairy products such as yoghumgese, or milk based desserts. Moreover,
exopolysaccharides from microbial source have @#tarecent attention, mainly due to their
potential health promoting functions (Badel, Bedia& Michaud, 2011; Hidalgo-Cantabrana
et al., 2014). EPSs has been reported to have ibahefffects on the cholesterol-lowering
and antitumor activities (Pigeon, Cuesta, & Gailld, 2002), as well as immunomodulating
and prebiotic effects (Salazar, Gueimonde, Herré&#eranco, Ruas-Madiedo, & de los
Reyes-Gavilan, 2008; Vinderola, Perdigén, Duarta;ntworth, & Matar, 2006). Li et al.

(2014) found a significant beneficial effect on guicrobiota for EPS froniifidobacterium
13
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bifidum WBINO3, and they also found that the EPSs produkad antimicrobial and
antioxidant activity (Li, Huang, et al., 2014). Mawer, Lopez et al. (2012) found that the
EPS-producing bifidobacteria showed good adhergamoperties to the human colon cell
lines CaCo2 and HT29, which could be of interestddransitory colonisation of the gut.
Most purified EPS were able to slightly stimulatee tproliferation of peripheral blood
mononuclear cells and their cytokine productiontgzat depending on the polymer type
tested.

Due to their capability to produce ERSvitro models, and to their ability to grow in whole
milk both in aerobic and microaerophilic conditipnthe B. aesculapii strains were
investigated as potential starters in soy milk fentations. In fact, even Bifidobacterium
strains are already used in dairy products, thenallyshave less technological features, such
as texture and aroma influence, compared with ticadil lactic acid bacteria, which hinder
their possible applications as single starter ceftuFurthermore, the bifidobacteria generally
exhibit weaker growth in cows’ milk and require ¢prfermentation times, anaerobic
conditions and low redox potential for optimal gtbwGomes, Malcata, Klaver, & Roy,
1998). In this research, encouraging results wetaimed since all th®. aesculapii strains
were able to ferment the substrate, in overnightivation at 37 °C, reaching pH values
between 4.2 and 4.6, and cell load increased \egpect to the initial inoculums. It may be
hypothesized that the strains were able to seargsdactosidase enzyme, which is necessary
for growth in soybean milk rich of galactose bagelijo)saccharides (mainkygalactosides)
(Havas, Kun, Perger-Mészaros, Rezessy-Szabd, & &iguB015). The acidification kinetics
were very similar among the strain, which reached4® in 14 hours. Moreover, the results
obtained are in accordance with the data reportedHdr&kova, Miuhlhansova, Slukova,
Schulzova, & Plockova (2015) who described a gommvth of Bifidobacterium animalis
subsplactis BB 12 andBifidobacterium bifidum CCDM 94 in soybean milk at 37 °C in 16 h,

although the bifidobacteria, compared to the yoglutture, were only able to acidify the
14
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media to the half of the pH values. Havas et &118} also showed that bifidobacteria strains
were able to grow well on a native soymilk mediunthaut any additional nutrients. The
fermentation processes with initial cell concenmtrss of 10-10' cfu/mL reached the
maximum cell load of T0cfu/mL already after 8-12 h of incubation in solknand those
levels were maintained to the end of fermentationChen, et al. (2014) demonstrated that
fermented soymilk produced with single cultureBofidobacterium animalis subsplactis V9
and Bb12 was characterized by high cell load levedpecially forB. animalis subsplactis
Bb12, which was all over 9.0 log cfu/mL. They afsond increasing contents of bioactive
substances in soymilk, includingaminobutyric acid, vitamin B6, and total isoflawon
aglycone. The strain employed in this researchjquéarly MRM 5.13, MRM 4.6, MRM 4.7,
and MRM 4.8. maintained also a viability higher nha log cfu/mL during the product
refrigerated storage satisfying also the critesiapirobiotic bacteria (Patrignani et al., 2017).
The highest production of EPSs from tBeaesculapii strains was found for strains MRM
4.2, MRM 4.6, MRM 4.7, MRM 5.13 and MRM 4.8. Theogduction of EPS during
fermentation probably affected the textural paramsetin fact, the rheological properties of
milk products may depend on several factors relatedEPS, such as the EPS location
(capsular or free), EPS structure (the moleculassnpossible side chains, stiffness, charge),
EPS concentration, and from the EPS interactioh wailher compounds in the product such as
proteins, minerals, or even the bacteria themselves

The technological aspects to be considered in ptigbstrain selection for fermented milk
include the phage resistance, viability throughanaicessing and storage, ability to give rise
to fast fermentation in a proper substrate suchmék, and to improve good sensory
properties (Mattila-Sandholm, Matto, & Saarela, 999 he latter aspect plays an important
role in consumer acceptance (Gardini, Lanciottisdfetta Guerzoni, & Torriani, 1999).
Generally, fermented milks obtained from the diaatl sole use of probiotic strains are often

characterised by the lack of desirable sensoryfeat In particular, structural defects and
15
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absence of aroma were reported for milk fermentdelys by Bifidobacterium spp., due to the
lack of alcohol dehydrogenase able to convert ethanacetaldehyde (Marshall & Cole,
1983). However, other molecules considered as keypounds for positive aroma profile of
fermented milks were found, such as for exampleb2tanedione and 2-butanone. In
particular, 2,3-butadione, 1-butanol-3-methyl foatei and 4-ethyl hexadecanol characterized
the fermented milks produced with the strains MRB|, MRM 5.13 and MRM 8.7.

The volatile profiles analysis by GC/MS-SPME teclug permits to detect acetic acid, but
not lactic acid. Theoretically, by the utilisatiasf carbohydrates through the “Bifidus”
metabolic pathway, the bifidobacteria should pre&dueore acetic than lactic acid, which
could affect the sensory properties of the finaldoict. However, the final aroma of a product
depends from the interaction of different compoufwdatile and not volatile). The GC-MS
volatile profiles obtained in this work turned d@atbe both strain dependent and affected also
by the initial substrate. The profiles obtained dan considered as product fingerprints,
allowing to discriminate among the tested strainsprder to select the best candidate in

relation to the desired sensory features.

5. Conclusions

This research is a first challenge to exploit sdrfedobacterium aesculapii strain, a novel
species recently described, for the productioreahented soymilk enriched in EPS. All the
investigatedB. aesculapii strains grew very well in soymilk, producing calesiable amounts
of EPS, and resulting in high product viscosity eiminess values. The highest yields in EPS
in fermented soymilk were obtained for the stra&tiRM 4.2, MRM 4.6, MRM 4.7 and MRM
4.8. Moreover, according to the data of the paast, tthe fermented milk obtained from
MRM 4.6 obtained also the highest scores for gersmeeptance. Overall, the performances

of these newly isolated were comparable with theperted by the literature for the industrial
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Bifidobacterium strains (Havas et al., 2015). So these resultveme promising and useful
for the further scaling-up of the process to obfairction fermented soymilk.

Figure Legend

Figure 1. Fermentation kinetics dB. aesculapii strains in soy milk

Figure 2. Principal component analysis loading plot of ferteenmilks (1a) and volatile
molecules (1b) in relation to thgfidumbacterium strain used

Figure 3. Sensory data of soy milk fermented milk, in raatto the strains used after 2days

of storage at 4 °C.

References

Ammor, M. S., Belén Floérez, A.,, & Mayo, B. (2007Antibiotic resistance in non-
enterococcal lactic acid bacteria and bifidobaatdfood Microbiology 24, 559-570.
doi: 10.1016/j.fm.2006.11.001

Audy, J., Labrie, S., Roy, D., & LaPointe, G. (2D10Sugar source modulates
exopolysaccharide biosynthesis in Bifidobacteriongum subsp. longum CRC 002.
Microbiology. https://doi.org/10.1099/mic.0.033720-0

Badel, S., Bernardi, T., & Michaud, P. (2011). Neverspectives for Lactobacilli
exopolysaccharides. Biotechnology Advances, 29(2), 54—66.
https://doi.org/10.1016/j.biotechadv.2010.08.011

Becker, A. (2015). Challenges and perspectives omhgnatorial assembly of novel
exopolysaccharide biosynthesis pathwaystontiers in  Microbiology, 6, 687.
https://doi.org/10.3389/fmicb.2015.00687

Duranti, S., Lugli, G. A., Mancabelli, L., Turrort,, Milani, C., Mangifesta, M., ... Ventura,
M. (2017). Prevalence of Antibiotic Resistance Gemenong Human Gut-Derived
Bifidobacteria. Applied and Environmental Microbiology, 83(3), €02894-16.

https://doi.org/10.1128/AEM.02894-16
17



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

401

462

463

Ferdousi, R., Rouhi, M., Mohammadi, R., Mohamad tséoavian, A., Khosravi-Darani, K.,
& Homayouni Rad, A. (2013). Evaluation of Probio8arvivability in Yogurt Exposed
To Cold Chain InterruptionHealth Services Iranian Journal of Pharmaceutical
Research, 12, 139-144. Retrieved from
http://ijpr.sbmu.ac.ir/article_1289 b46f0bb753ebed®f97c921281544.pdf

Fguiri, I., Ziadi,M., Atigui,M., Arroum, S., & Khahani, T. (2015). Biochemical and
molecular identification of lactic acid bacterieolsted from camel milk in Tunisia.
Emirate Journal of Food Agriculture, 27, 716—720. doi: 10.9755/ejfa.2015.04.114

Gardini, F., Lanciotti, R., Elisabetta Guerzoni, M.Torriani, S. (1999). Evaluation of aroma
production and survival of Streptococcus thermashiLactobacillus delbrueckii subsp.
bulgaricus and Lactobacillus acidophilus in ferneeintmilks. International Dairy
Journal, 9(2), 125-134. https://doi.org/10.1016/S0958-6945]0033-3

GluSac, J., Stijepi M., burdevi¢-MiloSevi¢, D., Milanovi, S., Kanui, K., & Vuki¢, V.
(2015). Growth and viability of Lactobacillus dalieckii subsp. bulgaricus and
Streptococcus thermophilus in traditional yoghumtighed by honey and whey protein
concentratelranian Journal of Veterinary Research, 16(3), 249-54. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/27175184

Goh, K. K. T., Haisman, D. R., Archer, R. H.,, & §m H. (2005). Evaluation and
modification of existing methods for the quantifica of exopolysaccharides in milk-
based media. Food Research International, 38(6), 605—-613.
https://doi.org/10.1016/j.foodres.2004.11.014

Gomes, A. M., Malcata, F. X., Klaver, F. A., & Ro, (1998). Growth enhancement of
Bifidobacterium lactis Bo and Lactobacillus aciddpd Ki by milk hydrolyzates.
Journal of Dairy Scence, 81(11), 2817-25. https://doi.org/10.3168/jds.S0022-
0302(98)75840-0

Havas, P., Kun, S., Perger-Mészaros, |., Rezesapész). M., & Nguyen, Q. D. (2015).
18



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

Performances of new isolates Bifidobacterium on fermentation of soymilkActa
Microbiologica et Immunologica Hungarica, 62(4), 463-475.
https://doi.org/10.1556/030.62.2015.4.10

Hidalgo-Cantabrana, C., Sanchez, B., Milani, C.ntdea, M., Margolles, A., & Ruas-
Madiedo, P. (2014). Genomic Overview and Biologi€ahctions of Exopolysaccharide
Biosynthesis in Bifidobacterium spppplied and Environmental Microbiology, 80(1),
9-18. https://doi.org/10.1128/AEM.02977-13

Hor&kova, S., Muhlhansova, A., Slukova, M., Schulzova, & Plockova, M. (2015).
Fermentation of Soymilk by Yoghurt and Bifidoba@e6trains.Czech J. Food i,
33(4), 313-319. https://doi.org/10.17221/115/2015-E€JF

Kumari, A. G. I. P., Ranadheera, C. S., PrasannaH.PP., Senevirathne, N. D., &
Vidanarachchi, J. K. (2015). Development of a fimeorporated synbiotic yogurt with
low retrogradation propertieBiternational Food Research Journal, 22(5), 2032—-2040.

Lankaputhra, W. E. V., & Shah, N. P. (1995). Sualief Lactobacillus acidophilus and
Bifidobacterium spp in the presence of acid ane Isilts.Cultured Dairy Products
Journal (USA).

Li, H., Yan, L., Wang, J., Zhang, Q., Zhou, Q., Stin ... Zhang, H. (2012). Fermentation
characteristics of six probiotic strains in soymianals of Microbiology, 62(4), 1473—
1483. https://doi.org/10.1007/s13213-011-0401-8

Li, S., Chen, T., Xu, F., Dong, S., Xu, H., Xiong, & Wei, H. (2014). The beneficial effect
of exopolysaccharides fromifidobacterium bifidum WBINO3 on microbial diversity in
mouse intestineJournal of the Science of Food and Agriculture, 94(2), 256—264.
https://doi.org/10.1002/jsfa.6244

Li, S., Huang, R., Shah, N. P., Tao, X., Xiong, ¥,Wei, H. (2014). Antioxidant and
antibacterial activities of exopolysaccharides fr@&ifidobacterium bifidum WBINO3

and Lactobacillus plantarum R313ournal of Dairy Science, 97(12), 7334-7343.
19



490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

https://doi.org/10.3168/jds.2014-7912

Lépez, P., Monteserin, D. C., Gueimonde, M., deReyes-Gavilan, C. G., Margolles, A.,
Suarez, A., & Ruas-Madiedo, P. (2012). Exopolysadde-producing Bifidobacterium
strains elicit different in vitro responses uporteraction with human cellskFood
Research International, 46(1), 99—107. https://doi.org/10.1016/j.foodres.2011020

Marshall, V. M., & Cole, W. M. (1983). Threoninedalase and alcohol dehydrogenase
activities in Lactobacillus bulgaricus and Lactabas acidophilus and their
contribution to flavour production in fermented ksil Journal of Dairy Research, 50(3),
375. https://doi.org/10.1017/S0022029900023219

Mattila-Sandholm, T., Matto, J., & Saarela, M. (2R9Lactic acid bacteria with health
claims—interactions and interference with gastestibal flora. International Dairy
Journal, 9(1), 25-35. https://doi.org/10.1016/S0958-6946(99)1 -2

Mende, S., Rohm, H., & Jaros, D. (2016). Influen€exopolysaccharides on the structure,
texture, stability and sensory properties of yoglaud related products$nternational
Dairy Journal, 52, 57—71. https://doi.org/10.1016/j.idairyj.2015 Q&2

Michelini, S., Modesto, M., Patrignani, F., LantioR., Biavati, B., & Mattarelli, P. (2015).
Exopolysaccharide (EPS)-producing Bifidobacteriurasalapii: screening for the
presence of rfb_P gene and EPS production. In:eedbng of 38th SOMED Congress,
Humane microbiome: from the bench to health bemefiictober 11-13, 2015 Verona,
Italy

Miwa, M., Horimoto, T., Kiyohara, M., Katayama, TKitaoka, M., Ashida, H., &
Yamamoto, K. (2010). Cooperation of -galactosidase -N-acetylhexosaminidase
from bifidobacteria in assimilation of human milkgmsaccharides with type 2 structure.
Glycobiology, 20(11), 1402—-1409. https://doi.org/10.1093/glycob/tam

Modesto, M., Michelini, S., Stefanini, I., Ferrara, Tacconi, S., Biavati, B., & Mattarelli, P.

(2014). Bifidobacterium aesculapii sp. nov., frohe tfaeces of the baby common
20



516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

marmoset (Callithrix jacchus)NTERNATIONAL JOURNAL OF SYSTEMATIC AND
EVOLUTIONARY MICROBIOLOGY, 64(Pt 8), 2819-2827.
https://doi.org/10.1099/ijs.0.056937-0

Nguyen, T.-T., Nguyen, H. A., Arreola, S. L., MiygeG., Djinovie-Carugo, K., Mathiesen,
G., ... Haltrich, D. (2012). Homodimer:Galactosidase from Lactobacillus delbrueckii
subsp.bulgaricus DSM 20081: Expression in Lactobacillus plantarumd 8iochemical
Characterization.Journal of Agricultural and Food Chemistry, 60(7), 1713-1721.
https://doi.org/10.1021/jf203909e

Nueno-Palop, C., & Narbad, A. (2011). Probioticemssnent of Enterococcus faecalis CP58
isolated from human gutnternational Journal of Food Microbiology 145, 390-394.
doi: 10.1016/j.ijfoodmicro.2010.12.029

Oberman, H., & Libudzisz, Z. (1998). Fermented mnilka Microbiology of Fermented Foods
(pp. 308-350). Boston, MA: Springer US. https://da/10.1007/978-1-4613-0309-
111

Osman, A., Tzortzis, G., Rastall, R. A., & Charatenpoulos, D. (2010). A comprehensive
investigation of the synthesis of prebiotic galatigpsaccharides by whole cells of
Bifidobacterium bifidum NCIMB 41171Journal of Biotechnology, 150(1), 140-148.
https://doi.org/10.1016/}.jbiotec.2010.08.008

Panesar, P. S. (2011). Fermented Dairy ProductsteBtCultures and Potential Nutritional
Benefits. Food and Nutrition Sciences, 2(1), 47-51.
https://doi.org/10.4236/fns.2011.21006

Patrignani, F., Serrazanetti, D. I., Mathara, J. $4coli, L., Gardini, F., Holzapfel, W. H., &
Lanciotti, R. (2016). Use of homogenisation pressuo improve quality and
functionality of probiotic fermented milks contang Lactobacillus rhamnosus BFE
5264. International Journal of Dairy Technology, 69(2), 262-271.

https://doi.org/10.1111/1471-0307.12251
21



542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

Patrignani, F., Siroli, L., Serrazanetti, D.l.,, Behi, G., Betoret,E., Reinheimer,, J.A. &
Lanciotti, R. (2017). Microencapsulation of functéd strains by high pressure
homogenization for a potential use in fermentecknffood Research International 97,
250-257. http://dx.doi.org/10.1016/j.foodres.20470Q0

Pigeon, R. M., Cuesta, E. P., & Gililliand, S. E002). Binding of free bile acids by cells of
yogurt starter culture bacteridournal of Dairy Science, 85(11), 2705-10. Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/12487437

Prasanna, P. H. P., Bell, A., Grandison, A. S., Balampopoulos, D. (2012). Emulsifying,
rheological and physicochemical properties of eXggaccharide produced by
Bifidobacterium longum subsp. infantis CCUG 5248td aBifidobacterium infantis
NCIMB 702205. Carbohydrate Polymers, 90(2), 533-540.
https://doi.org/10.1016/j.carbpol.2012.05.075

Riviere, A., Selak, M., Lantin, D., Leroy, F., & Déuyst, L. (2016). Bifidobacteria and
Butyrate-Producing Colon Bacteria: Importance atat8gies for Their Stimulation in
the Human Gut. Frontiers in Micraobiology, 7, 979.
https://doi.org/10.3389/fmicb.2016.00979

Salazar, N., Dewulf, E. M., Neyrinck, A. M., BindelL. B., Cani, P. D., Mahillon, J., ...
Delzenne, N. M. (2015). Inulin-type fructans modelantestinal Bifidobacterium
species populations and decrease fecal short-¢athynacids in obese wome@linical
Nutrition, 34(3), 501-507. https://doi.org/10.1016/].cinu.2054001

Salazar, N., Gueimonde, M., Hernandez-Barrancdl ARuas-Madiedo, P., & de los Reyes-
Gavilan, C. G. (2008). Exopolysaccharides produbgdintestinal Bifidobacterium
strains act as fermentable substrates for humaestinal bacteria.Applied and
Environmental Microbiology, 74(15), 4737-45. https://doi.org/10.1128/AEM.00325-08

Vinderola, G., Perdigén, G., Duarte, J., Farnwoih,& Matar, C. (2006). Effects of the oral

administration of the exopolysaccharide produced_agtobacillus kefiranofaciens on
22



568

569

570

571

572

the gut mucosal immunity.  Cytokine, 36(5-6), 254-260.
https://doi.org/10.1016/j.cyt0.2007.01.003
Wedajo, B. (2015). Lactic acid bacteria: beneftection criteria and probiotic potential in

fermented food. Journal of Probiotics Heal. 3:188 #0.4172/2329-8901.1000129

23



1

o0 N &N Ul B WD

11
12
13
14
15
16
17
18

19

20

21

22

23

24

Table 1. Bifidumbacterium strains used in this study

Species Strain Collection Number
B. aesculapii MRM 3.1 DSM 26737
B. aesculapii MRM 4.2 DSM 26738
B. aesculapii MRM 4.6 -
B. aescul apii MRM 4.7 -
B. aesculapii MRM 4.8 -
B. aesculapii MRM 5.13 -
B. aesculapii MRM 8.7 -
B. longum subspinfantis RE 06 ATCC 15697
B. saguini - DSM 23967




25  Table 2. Evaluation of minimum inhibitory concentrations @ lug/mL) of various antibiotics againBtfidumbacterium strains

Sample  Amoxicillin Vancomycin Oxacillin Linezolid Ciprofloxacin Ampicillin  Penicillin G Gentamycin Erythromycin Tetracycline Levofloxacin Clyndamicin

MRM_4.2 0.03 > 256 1 2 >32 0.015 0.03 > 256 0.25 4 >32 4
MRM_4.6 0.03 > 256 0.5 1 >32 0.03 0.03 > 256 2 8 >32 4
MRM_5.13 0.06 > 256 0.5 1 >32 0.015 0.03 > 256 4 4 >32 1
MRM_4.8 0.03 > 256 0.5 1 >32 0.06 0.03 > 256 16 4 >32 8
MRM_8.7 0.015 0.25 0.5 1 >32 0.06 0.06 > 256 16 4 >32 8
Re06 > 256 > 256 0.25 0.06 >32 0.015 0.03 > 256 1 0.12 32 > > 256

DSM 23967 0.6 > 256 1 2 >32 0.015 0.06 > 256 4 8 >32 8
MRM_4.7 0.6 > 256 1 2 >32 0.015 0.03 > 256 8 8 >32 4
MRM_3.1 0.6 > 256 0.25 1 >32 0.015 >32 > 256 4 8 >32 4
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32 Table 3. Cell loads and Exopolysaccharides (EPS) detect@®¥ medium in relation to the

33  carbon source added and the employed strain.

34
Cdl load Cdl load
EPS EPS Cell load EPS
(log (log cfu/
(ng/mL) (ug/mL) (log cfu/mL) (ug/mL)
cfu/mL) mL)
Glucose Glucose Glucose Glucose Lactose Lactose
Strain
1.5% 1.5% 2% 2% 2% 2%
MRM 3.1 8.94+0.27 231.61+5.25 8.67+0.05 123.92+10.20 8.14+1.0 101.18+4.90
MRM 4.2 8.82+0.30" 83.46x2.28 7.92+0.16 92.51+8.48 8.77+0.% *
MRM 4.6 8.15+0.14 196.48+8.56 7.85x0.0§ 127.67+6.3%4 8.28+0.72*® 103.47%5.20
MRM_ 4.7 8.55#0.42 162.88+7.35 7.68+0.183 135.89+3.45 8.74+0.1"° -
MRM 4.8 8.34+0.1% 114.01+7.28 8.47+0.16 218.99+8.13 7.74+0.7*® 143.65+7.3%
MRM _5.13 8.7220.2f 44.52+6.32 8.18+0.86 41.82+2.16  6.8420.Ff .
MRM 87 8.32+1.48 106.75+8.38 7.52+0.86° 102.10+5.28 9.40+0.f  18.08+2.16
RE06 9.88+1.46 7.53x256 7.52#0.18° 15.45+#3.16 9.58x0.1"" -
DSM 23967 8.92+0.42 12.88+3.06 7.90+0.28 - 8.930.20 -

35

36 *under the detection limit
37 For each column considered, values with the samersaript letter are not statistically differentXm®.05).
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Table 4. Cell loads, Exopolysaccharides (EPS), and acatitdl acid molar ratio detected in

fermented soymilk (FSM), at the end of fermentationrelation to theB. aesculapii strain

employed.
Cdl load EPS acetic/lactic acid
Strain
(log cfu/mL) (ug/mL) molar ratio

FSM MRM_3.1 8.02+0.96 * 0.170
FSM MRM 4.2 8.89+0.3%"° 131.35+2.6 0.844
FSM MRM _4.6 8.90+0.26"° 174.50+2.8 0.014
FSM MRM_4.7 9.08+0.15 33.41+1.8 0.833
FSM MRM _4.8 8.81+0.34"° 34.50+1.5 0.079
FSM MRM 5.3 9.05+0.67"° 5.05+2.2 0.744
FSM MRM _8.7 8.95+0.37"° - 0.092
FSM RE06 8.84+0.85'F - 5.713

8.69+0.258'F - 0.465

FSM DSM 23967

*under the detection limit

For each column considered, values with the samersaript letter are not statistically differentX®.05).



79  Table 5. Texture parameters detected for fermented soyrif\) in relation to the used

80  Bifidumbacterium strain

81

Firmness Consistency Cohesiveness Viscosity index

. (¢) (g*s) (9) (g*s)
Strain
FSM MRM 3.1 27.71+2.70 550.43+34.45 8.24+1.04 4.50+0.94
FSM MRM 4.2 29.60+1.82B 600.97+12.3% 11.97+0.98 15.17+1.36
FSM MRM 4.6 63.27+2.56 1399.55+32.39 36.93+2.18 28.53+3.2§
FSM MRM 4.7 1071.42+29.19 23.96+1.26 10.04+1.028 1071.42+18.67
FSM MRM 4.8 25.21+1.78 512.51+23.76 9.80+1.10 0.82+0.16
FSM MRM 5.13 28.23+2.62° 515.42+17.45 9.77+1.678 3.07+0.60"
FSM MRM 8.7 40.14+2 45 768.22+11.16 19.48+1.08 9.49+1.16
;2;68' Infantis 14.14+1 2% 329.14+24.25 6.72+0.25 1.14+0.3£C
FSM B. saguini A
+ + + +

DSV 23967 20.03+1.18 435.05+5.50 8.09+1.17 1.62+0.58
82
83 For each column considered, values with the samersaript letter are not statistically differentXm®.05).
84
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Table 6. B. aesculapii cell loadsn fermented soy milk during refrigerated storage

od 14d 30d

Cell load Cell load Cell load

Strain

(log cfu/mL) (log cfu/mL) (log cfu/mL)

FSM MRM 3.1 8.02+0.96 7.50+0.10 6.80+0.1%
FSM MRM 4.2 8.89+0.3%"° 7.70+0.18' 6.70+0.30
FSM MRM _4.6 8.90+0.26"° 7.50+0.28" 6.90+0.10
FSM MRM _4.7 9.08+0.1% 8.20+0.20° 7.25+0.18
FSM MRM_4.8 8.81+0.34*° 8.35+0.16° 7.15+0.25
FSM MRM _5.13 9.05+0.67"° 8.10+0.25° 7.10+0.16
FSM MRM _8.7 8.95+0.37"° 8.25+0.25° 7.30+0.16
FSM REO06 8.84+0.85"° 6.90+0.15 6.10+0.30
8.69+0.25"" 7.000.16 6.1420.15

FSM DSM 23967

For each column considered, values with the samersaript letter are not statistically differentXm®.05).
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The B. aesculapii strains showed good potential to be used as starter in soymilk
The B. aesculapii strains gave rise to fermented products with good firmness and viscosity indexes

Five strains out seven showed production of EPS in soybean fermented milk.



