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ABSTRACT 

Background: In recent years consumers, due to the growing interest for functional foods, have put particularly attention on prod-

ucts enriched with probiotic lactic acid bacteria for their ability to give human benefit by their assumption. Microorganisms to be 

considered as probiotic should be able to survive to gastrointestinal juices and colonize the intestinal tract to provide benefits to 

human health. 

The aim of the study consisted on the in vitro investigation of novel LAB strains, isolated during cheesemaking and ripening of 

Caciocavallo cheese, and on their probiotic potential for food application. 

 

Methods: In order to select potential probiotic bacteria, LAB isolates were preliminarily screened for their survival to simulated 

gastro-intestinal transitand assayed for others activities of probiotic and functional interest. Thanks to promising attitude as poten-

tial probiotics, four strains were tested to evaluate their adhesion ability on Caco-2 cell lines used as intestinal cell model. 

Microbiological data were analysed by one-way analysis of variance (ANOVA). Comparisons of means were carried out using 

post-hoc Tukey’s test. For vitro adhesion experiments, statistical significance was evaluated by Kruskal-Wallis test for equal medi-

ans. 

 

Results: Twenty-five LAB, presumptively identified as Lactobacillus spp., were isolated from cheese during 60 days of ripening and 

screened for their survival to simulated gastrointestinal transit. Sixteen isolates that showed a survival rate ≥85% were identifiedas 

10 different profiles of Lb. paracasei subsp. paracasei. The 10 strains tolerated high concentration of bile salts by Minimal Inhibitory 

Concentration and growth rate assays and showed susceptibility or moderate susceptibility against antibiotics of human and vet-

erinary importance, except for the resistanceto the class of aminoglycoside antibiotics. Eight out 10 strains showed in vitro choles-

terol-lowering ability, whereas all strains showed antioxidant activity of their cell-free supernatants. Moreover, the four strains 

with highest survival to simulated gastrointestinal transit showed the ability to adhere to Caco-2 cells. 

 

Conclusion: The results suggest that some strains may be effective probiotics to be use as tool to design probiotic dairy products 

after confirmation probiotic activities in further in vivo studies. Findings of the present study suggest that four strains showed 

good or strong adherent ability on Caco-2 cell monolayer, that is one of prerequisite that probiotic bacteria must have to perform 

their functional properties.  

 

Keywords: adhesion, antioxidant activity, bile salts, cholesterol assimilation, dairy products, gastrointestinal resistance, probiotic 

lactobacilli. 
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1. INTRODUCTION 

Nowadays producing foods with high organoleptic 

and nutritional standards, stable against spoilage and 

safe for human health, is of a growing interest for 

food industries. 

 

Over the years, as a consequence of changing life-

styles, our eating habitude have undergone signifi-

cant changes, with a strengthening of the relationship 

between food and health. This aspect has increased 

consumer interest in foods that, in addition to suita-

ble nutritional values, include microorganisms with 

functional properties (i.e. probiotics, antimicrobial 

and bioactive peptide production, antioxidant activi-

ty) able to exert positive effects on human health [1]. 

Probiotics are “live microorganisms which when ad-

ministered in adequate amounts confer health bene-

fits on the host” [2]. The definition does not necessari-

ly imply that probiotic must be alive and viable. Re-

cent literature reports that health promoting effects 

can also be exerted by inactivated microbial cells 

(paraprobiotics) or by metabolites released in cell-free 

supernatants (postbiotics) [3]. 

 

Main beneficial effects, some proven while others 

deemed only potential, include modulation of im-

mune response, cholesterol-lowering activity, preven-

tion/alleviation of symptoms from allergic diseases of 

food origin, antagonism against pathogens, treatment 

of inflammatory bowel disease, reduction of risk fac-

tors for colon cancer [4]. 

 

Although the beneficial effects of probiotics are and 

remain strain specific, the concept that similar mecha-

nisms exist among members of certain taxonomic 

groups of probiotic bacteria has recently been high-

lighted [5]. The most common species and strains of 

probiotic microorganisms belong to the Lactic Acid 

bacteria (LAB) (mainly Lactobacillus and Enterococcus) 

and to the genus Bifidobacterium, although some spe-

cies of Bacillus and Yeast are commonly used in probi-

otic preparations [4, 6]. Despite the requested human 

origin of probiotic strains, traditional fermented milk 

and cheeses represent a rich source and an excellent 

matrix to deliver microorganisms with potential pro-

biotic characteristics [7]. However, potentially probi-

otic lactobacilli have also been isolated from ferment-

ed meat [8,9] fruit, vegetable and cereal products, 

also being suitable probiotic carriers [10]. 

 

The use of selected autochthonous LAB as starter and 

functional cultures is becoming a common practice in 

cheese making process. Moreover, it is known that 

artisanal cheeses made from raw milk without starter 

cultures or with natural starters (i.e. natural milk and 

natural whey cultures) represent the best source for the 

isolation of LAB strains with desired technological 

and functional characteristics [11]. 

 

The selection process of bacterial isolates from foods 

involves a series of in vitro test to assess their func-

tional traits. Resistance to simulated gastric and pan-

creatic juices, as well as to bile salt and colonization 

of the human gastrointestinal tract are among the 

most important properties in a probiotic culture [4, 

12]. Moreover, microbial cultures must be identified 

at the species and strain level and must meet specific 

safety requirements that identify the microorganisms 

as Generally Recognized As Safe (GRAS, in the US) 

and Qualified Presumption of Safety (QPS, in the EU) 

[13]. Finally, probiotic interesting microbial strains 

must be validated in in vivo studies, such as repro-

ducible clinical trials on human subjects [12, 14]. 

 

The selection of autochthonous strains with appropri-

ate functional characteristics is a topic widely ex-

plored in the current literature [15-18]. Nevertheless, 

the potential relevance of applicative implications 

makes surveys focus on this issue still worthy of con-

tinuous studies. New research can provide better 

knowledge for formulation of new defined functional 

starter cultures to be used in the production of tradi-

tional fermented functional dairy products.  

 

Autochthonous cultures are usually selected from the 

food products they are going to be employed for. In a 

previous work, we report the dynamics of bacterial 

communities during manufacture and ripening of 

traditional Caciocavallo cheese by 16S rRNA gene 

pyrosequencing and viable counts [19]. These results 

can contribute to improving the selection process of 

isolated microbial cultures to be reintroduced into the 

same food ecosystem. 

 

This study aimed to provide an investigation on the 

selection of functional relevant microbial strains of 

Lactobacillus spp. isolated during cheese making and 

ripening of Caciocavallo of Castelfranco cheese. 
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2. MATERIALS AND METHODS  

2.1 Bacterial isolates, culture conditions and prelim-

inary selection of most promising strains  

Lactobacillus isolates included in this study were iso-

lated during cheese making and ripening of Cacio-

cavallo of Castelfranco cheese as described in a previ-

ous work [19]. Briefly, aliquots of serial 10-fold dilu-

tions of each sample were isolated on modified (m)

MRS-BPB agar [De Man-Rogosa and Sharpe (MRS, 

Oxoid, Rodano, Milano, Italy) agar at pH 6.5, supple-

mented with 0.05% L-cysteine/HCl (Sigma-Aldrich, St 

Louis, MO, USA) and 0.002% bromophenol blue] pre-

pared according to [20], and incubated in anaerobio-

sis (Anaerogen kit, Oxoid) for 48 h at 37 °C. 

 

Colonies were purified on MRS agar and examined 

for cellular morphology, Gram stain, catalase (H2O2 

3% v/v) and oxidase test (Oxidase Strips, Sigma-

Aldrich, Milano, Italy). Pure cultures were stored at -

20°C in appropriate culture media supplemented 

with 25% (v/v) sterile glycerol. 

 

A total of 25 LAB, presumptively identified as Lacto-

bacillus spp., were isolated from cheeses after 1 (C1, 5 

isolates), 30 (C30, 12 isolates) and 60 (C60, 8 isolates) 

days of ripening. The isolates were preliminarily 

screened for their survival to simulated gastro-

intestinal transit in order to select the most promising 

isolates to be assayed for others probiotic potential 

activities. Before each in vitro assay, the isolates were 

sub-cultured twice in MRS broth.  

 

2.2 Survival to simulated gastrointestinal transit 

assay  

Twenty-five isolates of presumptively Lactobacillus 

spp., were examined for their tolerance to simulated 

gastrointestinal transit, according to [21] with slight 

modifications. After growth in MRS broth for 16 

hours, culture broths were centrifuged at 5000 g for 

10 min and the pellets were washed in sterile Ringer’s 

solution (Oxoid). Two ml of cell suspensions were 

centrifuged at 13000 g for 5 min and resulting pellets 

were suspended in an equal volume of simulated sa-

liva (SS: 86mmol L-1NaCl, 7 mmol L-1 KCl, 45 mmol L-

1 NaHCO3, 100 mg L-1 lysozyme (Sigma), pH 6.90) and 

incubated at 37 °C for 5 min. Bacterial cells were then 

harvested by centrifugation and resuspended in 2 ml 

of simulated gastric juice (SGJ: 86 mmol L-1 NaCl, 7 

mmol L-1 KCl, 45 mmol L-1 NaHCO3, 3 g L-1 pepsin, 

pH 2.5) and incubated at 37 °C for 120 min under 

constant stirring at 200 rpm in order to simulate the 

peristaltic movements. Bacterial suspensions were 

then centrifuged and the pellets resuspended in an 

equal volume of simulated pancreatic juice (SPJ: 22 

mmol L-1 NaCl, 3.2 mmol L-1KCl, 76 mmol L-1 Na-

HCO3, 0.5% porcine bile (Sigma), 0.1% pancreatin 

(Sigma), pH 7.5) and incubated at 37 °C for 120 min at 

200 rpm.  

 

Simulated juices (SS; SGJ and SPJ), without enzymes, 

were sterilized at 121 °C for 15 min. Enzyme solu-

tions were sterilized by filtering through 0.45 µm 

membrane syringe-filters and added to sterile simu-

lated juices.  

 

The isolates were counted before and at the end of 

simulated gastrointestinal transit. Bacterial counts 

were determined on MRS agar (Oxoid). Plates were 

incubated at 37 °C for 48 h under anaerobic condi-

tions.  Lb. rhamnosus GG (ATCC 53103) was used as 

reference strain. 

 

The percentage of survival rate after the gastrointesti-

nal transit was calculated as follows: N (log CFU/ml 

of isolate after incubation under the test conditions)/

N0 (log CFU/ml of the assayed isolate before gastroin-

testinal transit) × 100. 

 

All the isolates that showed a survival rate ≥85% were 

first characterized at strain and species level and then 

assayed for other probiotic activities. 

 

2.3 Strain typing and species identification  

DNA was extracted from overnight cultures by using 

InstaGeneTM Matrix (Bio-Rad, Milano, Italy) accord-

ing to the manufacturer's instructions, as described 

previously [22]. 

 

DNA templates were used for strain typing by Repet-

itive Sequence-Based PCR (rep-PCR) and to identify 

the isolates at species level by sequencing of 16S 

rRNA and by species-specific PCR as described be-

low. 

 

The rep-PCR was performed in a total volume of 25 

μl containing 50 ng of DNA template, 2.5 µl of 

TaqDNA polymerase 10X buffer (Invitrogen, Italy), 

1.75 µl of 50 mM MgCl2, 1 µl of a deoxynucleoside 

triphosphate mix (10 mM each), 0.15 µl (0.1 mM) of 

primer (GTG)5 5’-GTGGTGGTGGTGGTG-3’ [23] and 
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0.5 µl of 5 U/µl Taq DNA polymerase (Invitrogen). 

PCR conditions consisted of an initial DNA melting 

(95 °C for 4 min) followed by 35 cycles (94 °C for 1 

min; 40 °C for 1 min; 72 °C for 1 min) and a final ex-

tension cycle at 72 °C for 8 min. PCR amplicons were 

run in 1.75% agarose gel stained with 0.01% SYBR 

Safe DNA gel stain (Invitrogen) at 100 V for 2 h. 

DNA-fingerprintings profiles were visualized with 

UV trans-illuminator UVIdocHD2 (UVITEC, Cam-

bridge, UK) and were analysed by the Bionumerics 

software (version 5.1, Applied Maths). 

 

Amplification of 16S rRNA gene was performed by us-

ing primers fD1 (5’-AGAGTTTGATCCTGGCTCAG-3’) 

and rD1 (5’-AAGGAGGTGATCCAGCC-3’) (Escherichia 

coli positions 8-17 and 1540-1524, respectively) [24]. PCR 

conditions were previously described [19], and PCR 

products were run in agarose gel (1.5% w/v) for 90 min 

at 100V and then purified by using QIAquick PCR puri-

fication kit (Qiagen S.p.A., Milan) following the manu-

facturer’s protocol. Sequencing data of 16S were viewed 

using PC FinchTV software (http://www.geospiza.com/

finchtv/) and DNA similarity analysis was performed 

using the BLAST (bl2seq) program at the NCBI website 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).  

 

Multiplex PCR was performed by species-specific pri-

mers designed by [25] with minor modifications. Ampli-

fications were performed in a total volume of 50 μl con-

taining 20 mMTris-HCl, 50 mMKCl, 1.5 mM MgCl2, de-

oxynucleoside triphosphate mix (500 µM each), 10 pmol 

each of primers PAR (5’-GACGGTTAAGATTGGTGAC-

3’), CAS (5’-ACTGAAGGCGACAAGGA-3’), and RHA 

(5’-GCGTCAGGTTGGTGTTG-3’), 50 pmol of primer 

CPR (5’-CAANTGGATNGAACCTGGCTTT-3’), 2.5 U of 

TaqDNA polymerase (Invitrogen, Italy), and 100 ng of 

template DNA. PCR conditions consisted of an initial 

template melting (95 °C for 5 min) followed by 30 cycles 

(95 °C for 30 s; 52 °C for 1 min; 72 °C for 1.5 min) and 

one elongation cycle for 7 min at 72 °C. PCR amplicons 

were separated by agarose (2%, w/v) gel electrophoresis 

at 100 V for 1 h and then visualized with UV trans-

illuminator UVI doc HD2 (Uvitech, UK).Lb. rhamnosus 

GG (ATCC 53103), Lb. casei Shirota and Lb. paracasei 

LMG P-21380, were used as reference strains. 

 

2.3.1 Bile salts tolerance and Bile Salt Hydrolase 

(BSH) activity 

Ten strains of Lb. paracasei subsp. paracasei selected on 

the basis of their ability to survive to simulated gas-

trointestinal juices were assayed for bile salts toler-

ance and bile salt hydrolase activity (BSH). 

 

The Minimal Inhibitory Concentration (MIC) of a mix 

of bile salts (Oxgall, Sigma-Aldrich) and of tau-

rocholic acid sodium salt (TCA), sodium taurodeoxy-

cholate (TDCA), glycocholic acid sodium salt (GCA) 

and sodium glycodeoxycholate (GDCA) (Sigma-

Aldrich) was evaluated as described previously [8]. 

Briefly, 10 µl of overnight culture (about 107 CFU/ml) 

of each strain were spotted on MRS agar plates con-

taining bile salts mix and a single salt (0%, 0.1%, 

0.2%, 0.3%, 0.4% and 0.5%). Plates were incubated 

anaerobically at 37 °C for 4 days. The MIC was de-

fined as the lowest concentration of bile salts that 

causes a total inhibition on the growth of the colonies 

in the spots. The test was carried out in duplicate for 

all the isolates and for each type of bile salts. 

 

The growth kinetics of the selected strains was also 

monitored in MRS broth containing 0.2% sodium 

thioglycollate and supplemented with 0.0 (MRS-

THIOcontrol) or 0.2 or 0.3% of oxgall (MRS-THIOox), 

according to [26]. Bacterial growth was monitored at 

37 °C every hour for 48 h and expressed as the time 

(hours) required to increase the absorbance (590 nm) 

of 0.3 units in MRS-THIO broth without oxgall (0%) 

or with 0.2% or 0.3% of oxgall. The difference in 

hours between the control and the test culture to in-

crease the absorbance of 0.3 units was considered as 

the lag time (LT). For both MIC and growth rate as-

says, Lb. rhamnosus GG was used as reference strain.  

Bile Salt Hydrolase (BSH) activity was assayed ac-

cording to [27] with minor modifications. MRS agar 

plates with and without 0.3% of TDCA (pre-reduced 

anaerobically at 37 °C for 24 h), were streaked with 

overnight culture of the strains and anaerobically 

incubated at 37 °C for 48-72 h. The presence of a 

white precipitate around colonies indicated BSH ac-

tivity. 

 

2.4 Cholesterol removal 

Cholesterol assimilation by 10 strains of Lb. paracasei 

subsp. paracasei was assessed by adding 300 µg/ml of 

water-soluble cholesterol PEG-600 (Sigma-Aldrich) in 

the following media: MRS broth and simulated intes-

tinal fluid (0.85% (w/v) NaCl, 6.8 g/L potassium 

phosphate monobasic, 1.5 g/L Oxgall, 3.5 g/L glucose, 

and 10 g/L pancreatin, pH 6.8) according to [28]. A 

stock solution (3 mg/ml) of water-soluble cholesterol 

PEG-600 (Sigma-Aldrich) was prepared, sterilized 



Francesco Villani et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 303 Vol-6 Issue-1 

SIFT DESK  

through 0.22 µm filter (Millipore, Corp., Bedford, 

MA, USA) and added to the media to obtain a final 

concentration of 300 µg/ml of cholesterol. Overnight 

cultures of strains of Lb. paracasei subsp. paracasei and 

of Lb. rhamnosus GG (as reference strain) were inocu-

lated at 1% (v/v) in each cholesterol-medium and in-

cubated at 37 °C for 24 hours under anaerobic condi-

tions. Cholesterol concentrations before and after in-

cubation were determined according to o-

phthalaldehyde (OPA, Sigma) method [28, 29] by 

reading the absorbance of the mixtures at 550 nm us-

ing UV-spectrophotometer (BioSpectrometer, Eppen-

dorf). A standard curve of absorbance was prepared 

using cholesterol concentrations between 0 to 500 µg/

ml (R2=0.9979). The ability of the strains to assimilate 

cholesterol was determined as follows: 

 

%cholesterol assimilated = [cholesterol (µg/ml)0h - 

cholesterol (µg/ml)24h/cholesterol (µg/ml)0h] × 100 

 

2.5 Antibiotic susceptibility 

Antibiotic susceptibility of the 10 strains of Lb. paraca-

sei subsp. paracasei was assessed by the disk diffusion 

method [30, 31]. Petri dishes (90 mm diameter), con-

taining 15 ml of solidified MRS agar, were overlaid 

with 5 ml of MRS agar soft (0.75% agar, w/v) seeded 

with 0.2 ml of overnight MRS broth cultures stand-

ardized to an optical density at 590 nm of 0.1. After 

solidification, disks were placed on the plates with 

the following antibiotics (Oxoid, Italy): gentamycin 

(30 μg), chloramphenicol (10 μg), tetracycline (30 μg), 

erythromycin (5 μg), clindamycin (2 μg), streptomy-

cin (25 μg), kanamycin (30 μg) and ampicillin (10 μg). 

The plates were incubated anaerobically at 37 °C for 

24 h. After incubation, the diameter (mm) of inhibi-

tion zone was measured. The strains were classified 

as resistant (R), moderately sensitive (MS), and sensi-

tive (S) on the basis of the diameters of inhibition 

zones. Lb. rhamnosus GG was used as a reference 

strain. 

 

2.6 Antioxidant activity 

The antioxidant activity of the 4 strains of Lb. paracasei 

subsp. paracasei was determined on both intact cell 

suspensions and on the supernatant of coagulated 

skim milk cultures. 

 

For the preparation of cell suspension (CS), overnight 

cultures of each strain where centrifuged at 5000 x g 

for 10 min at 4 °C. Cell pellets were washed twice in 

phosphate-buffered saline (PBS: 0.80% NaCl, 0.02% 

KCl, 0.02% KH2PO4, and 0.22% Na2HPO4, pH 7.4) and 

finally suspended in the same buffer at a concentra-

tion of about 109 cells/ml. 

 

Cell-free supernatants (CFS) were prepared according 

to [32] with some modifications. Overnight cultures 

of each strain where inoculated at 2% in 10% (w/v) of 

sterilized reconstituted skim milk (RSM, Oxoid) sup-

plemented with 1% glucose and 0.5% yeast extract 

and incubated for 24 h at 37 °C. Subsequently each 

milk culture was inoculated at 2% in RSM, incubated 

for 24 h at 37 °C and centrifuged at 5000 xg for 10 min 

a 4 °C. The resulting supernatant was adjusted to pH 

7.4 and centrifuged again at 13000 x g for 10 min at 4 °

C, after which it was sterilized with a 0.22 µm filter 

membrane. 

 

To measure the antioxidant ability of the Lactobacillus 

strains, the DPPH (α,α-diphenyl-β-picrylhydrazyl) 

free radical scavenging method was used [26]. A 445 

µl aliquot of CS or CFS and 555 µl of DPPH solution 

(0.2 mM in ethanol) were mixed in a cuvette and al-

lowed to react for 30 min in the dark. PBS or superna-

tant at pH 7.4, prepared by acidifying RSM with lactic 

acid, were used as control samples replacing CS and 

CFS, respectively. The scavenged DPPH was moni-

tored by measuring the decrease in absorbance at 517 

nm. The radical scavenging activity was calculated as 

percentage inhibition by using the following equa-

tion: 

% inhibition = (Ac – As)/Ac x 100 

where Ac is the absorbance in the control sample and 

As is the absorbance in the sample.  

 

2.7 Adhesion of bacterial strains to Caco-2 Cells 

The human intestinal Caco-2/TC7 cell line was pro-

vided by Monique Rousset (Institute National de la 

Santé et de la Recherche Médicale, INSERM, Paris, 

France) and routinely maintained as described by 

[33]. For the adhesion assay, Caco-2 cells were seeded 

in 12-well plates (Becton Dickinson, Milan, Italy) and, 

after confluency, were left for 14-17 days to allow 

differentiation [34]. Medium was changed three times 

a week. Complete DMEM was replaced with antibi-

otic- and serum- free DMEM 16 h before the assay. 

Four strains with highest survival to simulated gas-

trointestinal transit (FI3L1T, FF3L17T, FF3L16M and 

FFL21T) were choose to test adhesion ability. On the 

day of the assay, overnight bacterial cultures of each 
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Lb. paracasei subsp. paracasei strains and Lb. rhamnosus 

GG were diluted 1:100 in MRS broth and grown to 

the exponential growth phase. After monitoring the 

OD600, appropriate amounts of bacterial cells were 

harvested by centrifugation at 5000× g for 10 min, 

resuspended in antibiotic- and serum-free DMEM 

and added to cell monolayers at a concentration of 

1×108 CFU/well. Co-cultures of bacteria and Caco-2 

cells were incubated at 37°C for 1.5 h. Non-adhering 

bacteria were then removed by 5 washes with Hanks’ 

Balanced Salt solution (HBSS: 137 mmol L−1NaCl, 

5.36 mmol L−1KCl, 1.67 mmol L−1 CaCl2, 1 mmol L−1 

MgCl2, 1.03 mmol L−1 MgSO4, 0.44 mmol L−1KH2PO4, 

0.34 mmol L−1 Na2HPO4, 5.6 mmol L−1 glucose) and 

cell monolayers were lysed with 1% Triton-X-100, 

according to [35]. Adhering, viable bacterial cells 

were quantified by plating appropriate serial dilu-

tions of Caco-2 lysates on MRS agar medium. 

 

2.8 Statistical analysis  

In vitro adhesion experiments were performed at 

least in triplicate. Data are presented as mean ± SD. 

Prior to analysis, normal distribution and homogene-

ity of variance of all variables were assumed with 

Shapiro–Wilk and Levene’s tests, respectively. Statis-

tical significance was evaluated by Kruskal-Wallis 

test for equal medians. Statistical analysis was per-

formed with “Past” software package (version 3.13). 

Differences with p values < 0.05 were considered sig-

nificant. 

 

In vitro probiotic and functional tests were per-

formed in duplicate in three independent experi-

ments. 

 

Statistical analysis was performed using Stata soft-

ware package version 13 (Stata, 2013). All data are 

expressed as means ± standard deviation (SD) and 

were analysed by one-way analysis of variance 

(ANOVA). Comparisons of mean results were car-

ried by Tukey’s post-hoc test at p ≤0.05 significance 

level. 

 

3 RESULTS AND DISCUSSIONS 

3.1 Survival under simulated gastrointestinal tract 

conditions, molecular identification and characteri-

zation of strains and bile salts tolerance 

Promising probiotic bacteria should be able to sur-

vive in the hostile gastrointestinal environment. Gas-

tric and intestinal juices act as the highest hurdles for 

the survival of ingested microorganisms and re-

sistance to low pH and bile salt is considered a pre-

requisite for selecting potential probiotics [36]. 

 

In the present work, only the isolates that showed a 

survival rate to simulated gastrointestinal transit 

≥85%were selected for further study. As already re-

ported in the current literature [21], these values 

could be a proper range to select the bacteria re-

sistant to gastrointestinal conditions. 

 

In this study, after the consecutive passage in sali-

vary juice (5 min, pH 6.9), in gastric juice (120 min, 

pH 2.5) and in duodenal juice (120 min, pH 7.5), 16 

out of 25 isolates of Lactobacillus spp. showed a sur-

vival rate ≥85%. The results are shown in Table 1. The 

highest survival rate is presented by the strains 

FFL21T and FF3L16M (% survival of 98.90 and 97.76, 

respectively) and comparable to the reference probi-

otic strain Lb. rhamnosus GG, which was the most 

resistant strain. rep-PCR analysis of the 16 isolates 

resulted in 10 different profiles (Table 1; Figure 1), 

whereas 16S rRNA gene sequencing revealed high 

similarity (99%; accession number: NC014334.2/

NCPZ013921.1) to closely related Lb. casei and Lb. 

paracasei subsp. paracasei species, as widely reported 

in the literature [37, 38]. However, in this study, tuf 

multiplex PCR assay (Table 1) allow species-specific 

identification of the 10 strains as Lb. paracasei subsp. 

paracasei species by generating two distinct ampli-

cons of 240 bp and 520 bp, as the reference strain Lb. 

paracasei subsp. paracasei LMG P-21380 (Figure 2, line 

P). The strain Lb. casei Shirota showed three bands 

(700, 520 and 350 bp) as expected (Figure 2, line C), 

whereas Lb. rhamnosus GG generated one PCR prod-

uct of about 520 bp (Figure 2, line GG). All strains of 

Lb. paracasei subsp. paracasei were isolated during 

cheese ripening (1, 30 and 60 days) of traditional 

Caciocavallo of Castelfranco cheese where the Lb. 

casei group becomes the subdominant population at 

the end of ripening as detected by 16S rRNA gene 

pyrosequencing [19]. According to our results, [39] 

found that among several Non-Starter LAB (NSLAB) 

strains isolated from two type of cheese and identi-

fied by 16S rRNA gene sequencing, the most resistant 

strains to gastrointestinal transit belonged to Lb. casei/

Lb. paracasei group. Moreover, Lb. paracasei subsp. 

paracasei was found in the human intestine and rec-

ognized as a probiotic [40]. 



Francesco Villani et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 305 Vol-6 Issue-1 

SIFT DESK  

The effects of bile salts on the survival of the 10 strains of Lb. paracasei subsp. paracasei was performed by meas-

uring the MIC against increasing concentrations (from 0.0 to 0.5%) of a mixture of bile salts (Oxgall) or of single 

bile acids (TDCA, TCA, GCA, GDCA). Literature data report that in the human gastrointestinal tract the mean 

bile concentration is about 0.3% (w/v) and is considered as critical and high enough to screen for resistant 

strains [8, 41]. The results of bile salts tolerance are shown in Table2. 

Table 1. Strain differentiation, molecular identification and survival rates of strains of Lactobacillus paracasei after 

exposure to simulated gastric juices 

Strains Samplea 
rep-PCR-
profileb 

tuf multiplex assay N0 
(Log CFU/ml)e 

N 
(Log CFU/ml)e 

% survivale 
Speciesc Profiled 

FF3L13T C30 a Lactobacillus paracasei 30 9.11±0.18 7.82±0.13 85.83 

FF6L7T C60 f Lb. paracasei 31 8.89±0.08 7.68±0.03 86.38 

FF3L14T C30 c Lb. paracasei ND 8.55±0.18 7.53±0.02 88.07 

FF3L4T C30 c Lb. paracasei 91 8.77±0.09 7.74±0.04 88.25 

FF6L3T C30 l Lb. paracasei ND 8.73±0.19 7.81±0.12 89.46 

FF3L3M C30 l Lb. paracasei 39 8.93±0.02 8.02±0.08 89.80 

FI3L12T C30 e Lb. paracasei ND 8.74±0.23 8.08±0.13 92.44 

FF6L8T C60 m Lb. paracasei 100 8.73±0.03 8.21±0.04 94.04 

FF6L17T C60 d Lb. paracasei ND 8.83±0.05 8.31±0.11 94.11 

FF3L6M C30 n Lb. paracasei 41 9.04±0.12 8.52±0.18 94.24 

FF3L13M C30 i Lb. paracasei ND 8.61±0.22 8.19±0.14 95.12 

FF3L17T C30 d Lb. paracasei 108 8.74±0.11 8.37±0.08 95.76 

FI3L1T C30 i Lb. paracasei 112 8.63±0.05 8.33±0.06 96.52 

FF3L16M C30 e Lb. paracasei 36 8.51±0.10 8.32±0.01 97.76 

FIL2M C1 h Lb. paracasei ND 8.91±0.12 8.78±0.19 98.54 

FFL21T C1 h Lb. paracasei 96 8.24±0.02 8.15±0.09 98.90 

GGf - - Lb. ramnhosus GG 9.10±0.12 9.11±0.08 100.1 

Shirotaf - - Lb. casei C - - - 

LMG P-21380f - - Lb. paracasei P - - - 

Figure 1. DNA-fingerprintings of 16 isolates of lactobacilli with 

a survival rate ≥85% after exposure to simulated gastrointesti-

nal juices. Different strains are indicated with different letters 

(from a to n) and correspond to the strains reported in the Ta-

ble 1. M: molecular marker 1 Kb plus DNA Ladder (Invitrogen, 

Italy).  

Figure 2. Amplification products obtained from the tuf multiplex 

assay. Lane M, 1 Kb plus DNA ladder (Invitrogen, Italy). Numeric 

codes of each strain profile corresponding to the strains reported 

in the Table 1. lane P, Lb. paracasei subsp. paracasei LMG P-21380; 

Lane GG, Lb. rhamnosus GG; Lane C, Lb. casei Shirota. 
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The 10 strains of Lb. paracasei subsp. paracasei were 

able to tolerate concentrations greater than 0.5% of 

TCA, TDCA and GCA, whereas, with the excep-

tion of strain FF3L4T, the MIC of GDCA was of 0.1

-0.2% for all the strains, suggesting that GDCA 

was the limiting bile acid at which the strains were 

more sensible. The tolerance to oxgall was variable 

among the strains, with MICs ranging from 0.4 to 

>0.5%. Moreover, growth kinetics, with and with-

out 0.2 and 0.3% of oxgall, were determined for the 

10 strains. As shown in the Table 2, 7 out of 10 

strains exhibited latency time above 48 h. Only the 

strain FFL21T did not show delay on growth when 

incubated with oxgall compared to the control, 

while the reference strain Lb. rhamnosus GG 

showed a latency times of 1 and 3 h at concentra-

tion of 0.2% and 0.3% of oxgall, respectively. Ac-

cording to our results, several authors highlight 

that bile salt tolerance may be strain-specific [26, 

42]. The 10 strains of Lb. paracasei subsp. paracasei 

were also assayed for the presence of Bile Salt Hy-

drolase (BSH) enzyme. All the strains did not 

show precipitation zones around the colonies or 

growth of opaque colonies on MRS agar with 

TDCA, suggesting the lack ability to deconjugate 

bile salts (data not shown). Some LAB strains, alt-

hough not carrying BSH activity, exhibited high 

tolerance to bile salts. Studies by [43] showed that 

the resistance to bile salts by lactobacilli may not 

be related to BSH activity as also showed by [44] 

that found NSLAB strains able to tolerate bile salts 

without the ability to produce BSH. 

 

3.2 Cholesterol-lowering activity 

An excess of serum cholesterol is associated with 

cardiovascular disease in human [45]. Many in 

vitro and/or in vivo studies have demonstrated the 

cholesterol-lowering activity of probiotic LAB 

strains [27, 46-50], even if the mechanisms of this 

reduction are still partially unknown [45]. 

 

The results of the in vitro cholesterol-lowering abil-

ity of the 10 strains of Lb. paracasei subsp. paracasei 

in MRS broth containing 300 μg/ml of cholesterol 

are reported in Table 3. The percentage of choles-

terol removed by the strains ranged from 10.40% 

(strain FF3L17T) to 26.29% (strain FF3L16M). Two 

strains (FI3L1T and FF3L6M) were not able to re-

move cholesterol in the medium, whereas, the ref-

erence strain Lb. rhamnosus GG removed 35.30% of 

Table 2. Bile salts minimal inhibitory concentration (MIC) of strains of Lactobacillus paracasei 

Species Strain 

MICa   Growth in MRS-thioglycollate broth with oxgall (%) 

Oxgall TCA TDCA GCA 
GD
CA 

  0%   0.2%   0.3% 

  h0.3
b   h0.3

b LTc   h0.3
b LTc 

Lb. paraca-
sei 

FF3L13
T 

0.5 > 0.5 > 0.5 > 0.5 0.2   7   11 4a   13 6e 

Lb. paraca-
sei 

FF6L7T 0.5 > 0.5 > 0.5 > 0.5 0.2 5   7 2b   7 2b 

Lb. paraca-
sei 

FF3L4T >0.5 >0.5 > 0.5 > 0.5 >0.5 5   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FF3L3M 0.5 > 0.5 > 0.5 > 0.5 0.2 10   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FF6L8T 0.5 > 0.5 > 0.5 > 0.5 0.2 8   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FF3L6M 0.5 > 0.5 > 0.5 > 0.5 0.2 8   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FF3L17
T 

> 0.5 > 0.5 > 0.5 > 0.5 0.1 9   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FI3L1T 0.5 > 0.5 > 0.5 > 0.5 0.2 9   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FF3L16
M 

> 0.5 > 0.5 > 0.5 > 0.5 0.2 9   > 48 > 48d   > 48 > 48d 

Lb. paraca-
sei 

FFL21T 0.4 > 0.5 > 0.5 > 0.5 0.2 5   5 0c   5 0c 

Lb. rham-
nosus 

GG > 0.5 > 0.5 > 0.5 > 0.5 0.2 4   5 1b   7 3ab 

a: MIC, as the lowest concentration (%) of bile salts that causes a total inhibition on the growth of the colonies in the spots. TCA, taurocholic acid sodium 
salt; TDCA, sodium taurodeoxycholate; GCA, glycocholic acid sodium salt; GDCA, sodium glycodeoxycholate (Sigma-Aldrich). b: time (h) required to 
increase the absorbance (600 nm) of 0.3 units in MRS-THIO broth without oxgall (0%) or with 0.2% or 0.3% of oxgall. c: LT, latency time that is the 
delay (h) of the bacterial growth in presence of oxgall calculated as the difference between the time (h) required to increase the absorbance (600 nm) of 0.3 
units with oxgall (0.2% or 0.3%) and the time required to increase the absorbance (600 nm) of 0.3 units without oxgall (0%). Values within the columns 
with different superscript letters (a-e) differ at P <0.05. 
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the cholesterol initially added in the medium. 

These results are in agreement with [28] who re-

port removal rates between 13 and 39% by 11 lac-

tobacilli strains grown in MRS broth with 100  g/

ml of cholesterol. Moreover, the same strain of Lb. 

rhamnosus GG tested in our study showed 29.98% 

of removal rates. 

 

Cholesterol-lowering ability was also determined 

in simulated intestinal fluid added of 300 μg/ml of 

cholesterol. The assay was performed only for the 

3 strains that showed a fast growth in MRS-THIO 

broth with 0.3% of oxgall (see Table 2). The results 

reported in Table 3 indicated that1 out of 3 strains 

of Lb. paracasei subsp. paracasei and the strain of Lb. 

rhamnosus GG, presented a higher rate of removal 

in simulated intestinal fluid than in MRS broth. 

These results suggest that the cholesterol assimila-

tion may be influenced by the growth media com-

position and, in particular, as already reported in 

the literature, the addition of bile salts increases 

the amount of cholesterol assimilated [28, 45, 51]. 

Table 3. Cholesterol removal ability by strains of Lacto-

bacillus (Lb.) paracasei in MRS broth, MRS broth supple-

mented with 0.3% of oxgall and in simulated intestinal 

fluid. 

Species Strains 
Cholesterol assimilated (%)a ± SD 

MRS broth Simulated 
intestinal fluid 

Lb. paracasei FI3L1T 0.00±0.70 NDb 

Lb. paracasei FF3L6M 0.00±1.30 ND 

Lb. paracasei FF3L17T 10.40±0.94 ND 

Lb. paracasei FF6L8T 15.60±5.30 ND 

Lb. paracasei FF3L4T 16.10±7.60 ND 

Lb. paracasei FF6L7T 17.79±3.58 51.20±0.03 

Lb. paracasei FF3L3M 20.00±2.30 ND 

Lb. paracasei FF3L13T 21.90±2.20 9.39±9.40 

Lb. paracasei FFL21T 25.30±6.00 15.85±3.10 

Lb. paracasei FF3L16M 26.29±6.30 ND 

Lb. rhamnosus GG 35.30±16.7 56.32±4.33 

a: % cholesterol assimilation = [cholesterol (μg/ml)0h- cholesterol (μg/ml)

24h/cholesterol (μg/ml)0h] × 100. The results are the mean of  % cholesterol 
assimilated by the strains ± sd; b: Not Determined. 

Table 4. Antibiotic susceptibility of strains of Lactobacillus (Lb.) paracasei determined by agar disk diffusion 

method 

Species Strains Antibioticsa 

AMP   K   DA   TE   CN   C   S   E 

Db Sc   Db Sc   Db Sc   Db Sc   Db Sc   Db Sc   Db Sc   Db Sc 

Lb. paracasei FF3L13T 20 S 0 R 12 MS 17 S 7 S 10 MS 1 MS 19 MS 

Lb. paracasei FF6L7T 18 S 0 R 22 MS 16 S 6 S 10 MS 1 MS 17 MS 

Lb. paracasei FF3L4T 26 S 0 R 20 MS 21 S 14 S 20 S 8 S 3 R 

Lb. paracasei FF3L3M 28 S 0 R 15 MS 20 S 5 S 10 MS 1 MS 20 MS 

Lb. paracasei FF6L8T 23 S 0 R 18 MS 18 S 6 S 10 MS 1 MS 19 MS 

Lb. paracasei FF3L6M 23 S 0 R 14 MS 17 S 5 S 12 MS 1 MS 14 MS 

Lb. paracasei FF3L17T 27 S 0 R 24 MS 22 S 7 S 15 MS 1 MS 17 MS 

Lb. paracasei FI3L1T 30 S 0 R 16 MS 19 S 5 S 13 MS 0 R 17 MS 

Lb. paracasei FF3L16M 26 S 0 R 17 MS 16 S 6 S 10 MS 1 MS 15 MS 

Lb. paracasei FFL21T 24 S 0 R 17 MS 19 S 7 S 14 MS 2 MS 21 MS 

Lb. rhamno-
sus 

GG 11 S 0 R 12 MS 15 S 7 S 10 MS 5 MS 14 MS 

a: AMP, ampicillin (10 µg); K, kanamycin (30 µg); DA, clindamycin (2 µg); TE, tetraclycine (30 µg); CN, gentamycin (30 µg); C,  chloramphenicol (10 
µg); S, streptomycin (25 µg); E, erythromycin (5 µg); b: diameters of zones of inhibition in mm; c: Susceptibility: R (resistant), MS (moderately suscepti-
ble), or S (susceptible); c: Lb. rhamnosus GG used as a reference strain. 
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3.3 Antibiotic susceptibility 

The results of the susceptibility of the 10 strains of Lb. 

paracasei against 8 antibiotics of human and veteri-

nary importance [52] are reported in Table 4. All the 

strains were sensitive to ampicillin (AMP), tetracly-

cine (TE), gentamycin (CN), and moderately sensitive 

to clindamycin (DA) and, except for sensitive strain 

FF3L4T to chloramphenicol (C). Moreover, all strains, 

including the reference strain Lb. rhamnosus GG, 

showed resistance to the aminoglycoside inhibitor of 

protein synthesis kanamycin (K), whereas the strains 

FF3L9T and FI3L1T were resistant to streptomycin 

(S) and the strain FF3L4T to erythromycin (E). 

 

Our results are generally in agreement with the data 

reported previously on the antibiotic susceptibility of 

strains of Lb. paracasei isolated from traditional Serbi-

an cheese[53] and Parmigiano Reggiano cheese [44].  

 

Safety concerns on the use of antibiotic resistant 

strains as probiotic arise from the possibility that an-

tibiotic resistant genes could be transmitted to intesti-

nal pathogenic bacteria [54]. The determination of 

antibiotic resistant genes location could contribute in 

safely application of antibiotic resistant probiotic 

LAB [53]. Particularly, the resistance of our strains to 

the class of aminoglycoside antibiotics (such as strep-

tomycin and kanamycin) is widespread among lacto-

bacilli [55] and considered to be non-transmissible 

[56]. 

 

3.4 Antioxidant activity by DPPH radical inhibition 

Antioxidant activity of L. paracasei strains was evalu-

ated by DPPH radical scavenging method on cell free 

supernatants (CFS) and on cell suspension (CS) after 

growing the strains in RSM and MRS broth, respec-

tively. Table 5 shows that all the CS samples provid-

ed DPPH inhibition values between 4.9% and 18.1% 

with the strain FF3L6M showing the highest value. 

The antioxidant activity of CFS samples ranged be-

tween 25.90% and 57.30% and it was significantly 

higher than CS samples. Nevertheless, seven CFS of 

Lb. paracasei, including Lb. rhamnosus GG, showed no 

antioxidant activity. Moreover, the antioxidant activi-

ty was significantly (P value < 0.05) higher compared 

to CS samples. The strain FF3L13T had the highest 

DPPH scavenging ability (57.3%), followed by 

FI3L1T (45%), FF3L6M (42.65%), and FF6L7T 

(25.90%). Most of the literature data report that the 

antioxidant activity of LAB strains, including Lb. 

rhamnosus GG, was higher for intact cells than that 

shown by cell-free extracts [26, 57, 58]. 

Table 5. Scavenging DPPH rate of Cell-Free Supernatants (CFS) and Cell Suspension (CS) of strains of Lactobacil-

lus (Lb.) paracasei. 

Species Strains 

a% Inibition 

(CFS) 

a% Inibition 

(CS) 

Lb. paracasei FF3L13T 57.30±1.70 11.35±0.21 

Lb. paracasei FF6L7T 25.90± 2.40 9.75±1.34 

Lb. paracasei FF3L4T 0 9.55±0.91 

Lb. paracasei FF3L3M 0 13.45±2.82 

Lb. paracasei FF6L8T 0 10.00±1.83 

Lb. paracasei FF3L6M 42.65±7.70 18.10±0.42 

Lb. paracasei FF3L17T 0 4.90±4.25 

Lb. paracasei FI3L1T 45.00± 4.52 7.35±5.59 

Lb. paracasei FF3L16M 0d 13.90±2.12 

Lb. paracasei FFL21T 0 9.15±2.90 

Lb. rhamnosus GG 0 3.45± 2.75 

a: % scavenging DPPH inhibition. The results are reported as mean ± sd of two replicates. 



Francesco Villani et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 309 Vol-6 Issue-1 

SIFT DESK  

3.5 Adhesion of bacterial strains to Caco-2 Cells 

The four strains with highest survival to simulated 

gastrointestinal transit were analyzed for their ability 

to adhere to Caco-2 cells, representing a suitable in 

vitro model of human intestinal epithelium. For each 

strain, bacterial cells were co-cultured with intestinal 

cells at an initial amount of 1×108 CFU/ml and the 

resulting adhering bacteria were counted on MRS 

agar medium. The results showed that all the tested 

strains were able to adhere to Caco-2 cells with simi-

lar efficiencies to that observed for Lb. rhamnosus GG 

probiotic control (Figure 3). In fact, about 1 × 106 – 1 x 

107 CFU/ml were recovered. To better compare the 

results, the values were expressed as [(logCFUtf-

logCFUt0)/logCFUt0]x100, representing the percentage 

reduction of adhering cells, in relation to their initial 

titer, for each strain (Figure 4). Statistical analysis 

revealed no significant differences among the strains, 

including Lb. rhamnosus GG control. Taken together, 

the results suggest good adhesion capacity displayed 

by the bacterial strains. 

Figure 3. Adhesion to Caco-2 cells. Cell counts of via-

ble bacterial strains and LGG adhering on differenti-

ated Caco-2 cells co-cultured with 1 × 108 bacterial 

colony forming units (CFU)/well. Blu columns refer 

to the initial bacterial load (to), while red columns 

refer to adhering bacteria recovered at the end of co-

incubation (tf). Data are reported as log of bacterial 

CFU recovered after plating. Columns represent the 

mean ± SD of one experiment performed in triplicate.  

Figure 4. Reduction of bacterial strains to Caco-2 

Cells. Cell counts of viable bacterial strains on differ-

entiated Caco-2 cells. Columns represent the mean ± 

SD of one experiment performed in triplicate. Data 

are reported as [(logCFUtf-logCFUt0)/logCFUt0]x100. 

 

4. Conclusion 

Lb. paracasei subsp. paracasei and related species are 

among the dominant group of NSLAB during cheese 

ripening. Moreover, many strains have unique prop-

erties that can provide benefits for human and ani-

mal health. 

 

In this study,10selected strains of Lb. paracasei subsp. 

paracasei isolated from Caciocavallo cheese were sub-

jected to a multi-step of in vitro analyses to assess 

their probiotic potential properties. 

 

The 10 strains showed a survival rate to simulated 

gastrointestinal transit ≥85% with the strains FFL21T 

and FF3L16M showing the highest values. Four out 

of 10 strains (FF3L17T, FI3L1T, FF3L16M, FFL21T) 

showed adhesion capability to Caco-2 cells from 75% 

to 80% and lack of undesirable traits such as non-

transmissible antibiotic resistance and 2 of these 

strains (FF3L16M, FFL21T) had cholesterol assimila-

tion values of about 25%. Moreover, 2 strains 

(FF3L13T, FF6L7T) had a good ability to assimilate 

cholesterol and, together with the strain FF3L6M, a 

high antioxidant activity of cell free supernatants 

after growing in reconstituted skimmed milk which 

could act as postbiotics. 

 

In conclusion, our results provide evidence that Caci-

ocavallo cheese is a good source of LAB with probi-

otic potential. The in vitro properties of some strains 

encourage further in vivo studies to improving infor-
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mation on their use as functional cultures in dairy 

products. 
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[3] Aguilar-Toalá JE, Garcia-Varela R, Garcia HS, Mata-
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