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Abstract
There are nearly 100 trillion bacteria in the intestine that together form the intestinal microbiota. They are ‘good’
bacteria because they help to maintain a physiological balance and are called probiotics. Probiotics must have some
important characteristics: be safe for humans, be resistant to the low pH in the stomach, as well as bile salts and
pancreatic juice. Indeed, their survival is the most important factor, so that they can arrive alive in the intestine and are
able to form colonies, at least temporarily.

The aim of our study was the evaluation of resistance of Lactobacillus isolates from fecal and oral swabs compared to
that found in a commercial product.

Seven strains were randomly chosen: L. jensenii, L. gasseri, L. salivarius, L. fermentum, L. rhamnosus, L. crispatus, and L.
delbrueckii. We observed a large variability in the results: L. gasseri and L. fermentum were the most resistance to low
pH, while only L. gasseri showed the best survival rate to bile salts. Interestingly, the commercial product did not show

tolerance to both low pH and bile salts.
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Introduction

Lactic acid bacteria (LAB) represent a large group
of Gram-positive organisms that are found in
humans,! however, Lactobacillus spp. are among
the best characterized. In Italy, their use in food
dates back some 30 years. In the past, they were
used in food products such as dietary supplements,
in combination with vitamins and minerals, and
they were called ‘organic food’ with the aim of
restoring the intestinal microbiota. As a result,
they have become industrially important and are
used in many foods, such as yogurt and fermented
milk. In 2002, with the law EU Directive 2002/46/
EC, the term ‘probiotic bacteria’ was introduced
and they were permitted to be used as nutritional
supplements without other components added.
According to the official definition of the FAO

and WHO, probiotics are ‘live organisms which,
when administered in adequate amounts, confer a
health benefit on the host’. For bacterial species to
be called ‘probiotic’ they must possess several
characteristics: they must compete for receptors
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Table 1. Claims rejected by EFSA.

Strains

No cause: administration-effect correlation

L. casei Shirota'?

L. fermentum CECT5716'3

Combination L. gasseri PA 16/8, B. bifidum M20/5 and
B. longum SP 07/3'4

L. rhamnosus LB2| NCIMB 40564'5

L. paracasei B21060'6
L. plantarum 299v'7
L. johnsonii NCC 533 (Lal) (CNCM I-1225)'8

Combination L. paracasei CNCM I-1688 and L. salivarius CNCM
[-1794'°

Maintenance of immune defenses of the upper respiratory tract
against pathogens

Reduction of pathogenic microorganisms to the health of the
digestive tract; reduction of Streptococcus mutans in the oral cavity
Reduction of pathogenic microorganisms, maintenance of normal
intestinal transit time and reduction of gastrointestinal disorders
Reducing flatulence and bloating; protection of DNA, proteins,
and lipids from oxidative damage

Improvement of the immune system against gastrointestinal
microorganisms; skin protection from damages caused by UV rays
Reduction of gastro-intestinal disorders, decrease of potentially
pathogenic gastro-intestinal microorganisms, increased lactose
digestion, and increased production of IL-10

and adhere to cells and then colonize and stay
alive in the intestine;? they must effectively com-
pete with pathogenic bacteria already present
through acidification and production of antimicro-
bial compounds;3-3 they must affect the enzymatic
modification of the receptors for bacterial toxins;®
and they must improve immune defenses against
microorganisms.” Moreover, in the evaluation of
health claims, in accordance with EC Regulation
1924/2006, EFSA states that ‘increasing the num-
ber of any group of bacteria’ or ‘increased levels
of microflora’ in itself does not confer health ben-
efits.®? However, the microorganisms that can be
used in foods and food supplements must meet
some important requirements such as being con-
sidered safe for humans and arriving alive in the
intestine in sufficient quantity to be able to multi-
ply thus ensuring a temporary colonization of the
intestine (minimum daily dose should be 10°-10°
CFU). Therefore, the most important feature that a
bacterial strain must have is surviving gastrointes-
tinal transit, and then resistance to the low pH in
the stomach and to bile salts released into the
intestine.®-10 Moreover, for the purposes of safety
checks, the evaluation of the antibiotic resistance
profile is needed, as well as the taxonomic identi-
fication to the species level by molecular tech-
niques.!" EFSA has recently rejected most of the
claims used by food companies on food labels and
supplements; one of the victims were probiotics
(Table 1).13-19 In the digestive tract the enzymatic
decomposition of food takes place, there is the
absorption of nutrients and water, and finally,
there is the excretion of non-digestible parts.

Ingested food passes into the stomach where the
molecules are digested by hydrochloric acid and
then pass into the small intestine. The small intes-
tine is the first, and the longest, part of the intes-
tine, and it is here that the completion of digestion
takes place thanks to pancreatic juice and bile
salts, thus allowing the absorption of nutrients into
the blood. In addition to enzymes, bacteria strains
belonging to the human microbiota take part in
digestion. HCI and bile salts play a fundamental
role and the effect of probiotic bacteria must be
generated in the presence of these biological flu-
ids; hence, the importance of surviving them. The
mechanism by which probiotic bacteria could sur-
vive the stress caused by fluid remains unclear, but
genomic techniques have revealed that genes and
proteins are involved, and they are responsible for
resistance or sensitivity. The application of
genomic techniques to analyze the behavior of the
strains in vivo would be useful to identify the key
players. Therefore, it would be possible to improve
the survival of probiotic strains along the gastroin-
testinal tract.?0

The aim of this study was focused on the dem-
onstration of Lactobacillus species’ survival, iso-
lated from human samples, in gastro-intestinal
transit and therefore the resistance at low pH in the
stomach and to the bile salts released into the small
intestine. Moreover, the comparison with the pro-
biotic activity claimed by a commercial product
was also carried out. For this, we proceeded as pro-
posed by Bolado-Martinez et al. in 2009.2! The
protocol includes ‘the evaluation of probiotic
activity’ with bacterial counts and relative survival
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rate after stressed growth under acidic conditions
and in the presence of porcine bile salts.?!

Materials and methods
Isolation and identification

Sixty-six wild-type strains (belonging to the
Department of Biomedical and Biotechnological
Sciences, University of Catania, Italy) were previ-
ously classified as Lactobacillus spp.

They were isolated from human samples (oral
and fecal samples from volunteers) using the
polyphasic approach. The samples were spread on
Rogosa (Oxoid, Thermo Fisher Scientific Inc.) and
on blood agar (5% sheep blood), this was done to
inhibit the growth of Gram-negative bacteria and
to be able to perform an initial phenotypic evalua-
tion of the colonies. Lactobacillus strains were
obtained from fecal samples using selective culture
media (with vancomycin and bromocresol green,
LAMVAB agar), thus the fecal microbiota is inhib-
ited by vancomycin and a low pH.?? The method of
selection was based on color, size, and metabolic
tests: white small/medium colonies, catalase nega-
tive, were transplanted onto MRS agar (Oxoid,
Thermo Fisher Scientific Inc.) and onto LSM agar
(90% Isosensitest agar [Oxoid, Thermo Fisher
Scientific Inc.], 10% MRS agar w/v).2? They were
grown at 37°C in microaerobic atmosphere, for 24—
48 h. The isolated lactobacilli were then cryopre-
served in MRS with 10% glycerol, at —80°C.

For identification DNA was extracted by the
mechanical disruption method in which zirconia
beads are added to the tube containing samples and
the tube is then shaken as described by Randazzo
et al.?* Briefly, each strain was inoculated into LSM
broth at 37°C overnight; broths were centrifuged at
8000 r/min for 15 min, at room temperature. The
supernatant was discarded and the cell pellet was
suspended in 0.5 mL of TE buffer (Tris, acetic acid,
EDTA). Zirconia beads (0.4 g, 0.1 mm in diameter;
Biospec, UK) were then added to the cell suspen-
sions. After the repeated bead-beating (RBB) treat-
ment the samples were centrifuged at +4°C for 5
min at 13,000 r/min and the supernatant was col-
lected. Extracted DNA was stored at —20°C.%*

The strains were identified by amplification of
16S rDNA/RFLP (Restriction Fragment Length
Polymorphism) as proposed by Randazzo et al.?*
RFLPs of 16S rDNA PCR products were performed
by restriction enzyme digestion with Hae III, Mspl
I, and Alu I (MBI Fermentas™). Electrophoresis of

the products on a 2% (w/v) agarose gel in 1X TBE
buffer (89 mM Tris—borate, 89 mM boric acid, 2
mM EDTA; pH 8.0) containing Sybr Safe 1X
(Invitrogen™) was carried out and the gel was visu-
alized on a transilluminator Safe Imager
(Invitrogen™). Strain restriction profiles were
compared with those obtained from known
Lactobacillus type strains belonging to the DSMZ
catalog.?4?> Unfortunately, due to the difficult inter-
pretation of the gel, not all strains were identified;
we thus proceeded with a multiplex PCR method as
described by Song et al.?¢ to discern 11 different
Lactobacillus spp: a two-step multiplex method
based on the nucleotide sequences of 16S-I1TS-23S
rDNA and the flanking region of the 23S rDNA 2526
Lactobacilli were first grouped by multiplex PCR-G
and then identified to the species level by four mul-
tiplex PCR assays. Amplifications obtained with
multiplex PCR-G were 450 bp (group I L. del-
brueckii), 300 bp (group II), 400 bp (group I1I), and
350 bp (group IV). After this, using species-specific
primers, it was possible to discern L. acidophilus
(ca. 210 bp) and L. jensenii (ca. 700 bp) with multi-
plex 1I-1, L. crispatus (ca. 522 bp) and L. gasseri
(ca. 360 bp) with multiplex 11-2, L. rhamnosus (ca.
113 bp) and L. paracasei (ca. 312 bp) with multi-
plex 111, L. fermentum (ca. 192 bp), L. salivarius
(ca. 411 bp), L. reuteri (ca. 303 bp), and L. plan-
tarum (ca. 248 bp) with multiplex TV.2326

Finally, we made a PCR study based on the fuf
gene as described by Ventura et al.?” From the length
of the amplicons we discerned exactly L. rhamnosus
(ca. 540 bp), L. paracasei (ca. 200 bp), and L. casei
(ca. 350 bp). Amplifications obtained were visual-
ized by electrophoresis (70V) on 1.5% agarose gel
in 1X TAE buffer (Tris, acetic acid, EDTA), stained
with SYBR Safe 1X (Invitrogen™) and observed on
a transilluminator Safe Imager (Invitrogen™). DNA
ladder used was 1 Kb (BioRad™),25:27

The methods, used for clinical isolates, were
also used for the commercial strain.

For our aim we randomly chose seven wild-type
strains (five oral strains and two fecal strains), one
strain of Lactobacillus isolated from a well-known
commercial product and, as internal positive con-
trol, we chose E. coli ATCC 35218.

Evaluation of resistance to low pH and bile
salts

The strains of Lactobacillus spp. and the strain of
E. coli ATCC 35218 were grown, in two different
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sets, for 48 h at 37°C in 10 mL of LSM broth (pH
6.0) with cysteine (0.05% w/v). After incubation,
the tubes were centrifuged at room temperature for
about 20 min (Figure 1).

Then, following Bolado-Martinez et al. in
2009,! we performed a modified protocol that
includes ‘the evaluation of probiotic activity’ with
bacterial counts and relative survival rate after
stressed growth under acidic conditions and in the
presence of different concentrations of porcine bile
salts (BS).

For the first set of tubes, the supernatant was
removed, and the pellet resuspended in 10 mL
saline. Serial ten-fold dilutions in NaCl (0.85%
w/v) were done, and each dilution was spread on
LSM agar (cysteine 0.05% w/v) as a control, and
on LSM agar (cysteine 0.05% w/v) with porcine
bile salts (0.5%, 0.25%, and 0.12% w/v) to ascer-
tain the resistance to bile salts.

All plates were incubated for 48 h at 37°C in
microaerobic atmosphere. Resistance to bile salts
was expressed as the percentage of surviving
cells: CFUs found on LSM agar with porcine bile
salts against CFUs found on LSM agar control
(Figure 1).28

For the second set of tubes, after centrifugation,
the supernatant was discarded and the pellet was
resuspended in LSM broth at pH 3.0. The cultures
were incubated for 1 h at 37°C under stirring (to
simulate the transit through the stomach). We then
proceeded as for the first set: serial ten-fold dilu-
tions in NaCl (0.85% w/v) were done, and each
dilution was spread on LSM agar (cysteine 0.05%
w/v) as a control, and on LSM agar (cysteine 0.05%
w/v) with porcine bile salts (0.5%, 0.25%, and
0.12% w/v).

The plates were incubated at 37°C in a micro-
aerobic atmosphere for 48 h, at the end of which
the counts were made (Figure 1).142® Ten inde-
pendent experiments were performed. For each
independent experiment we performed two differ-
ent runs.

One run was carried out with an initial con-
trolled concentration of the strains (10¢ CFU/mL)
but plates had no visible colonies, thus swabs were
taken from the plates where colonies were not vis-
ible and spread onto LSM agar. This was done to
evaluate if the effect of bile salts were bactericidal
or bacteriostatic. The plates were incubated for 24
h at 37°C in microaerobic atmosphere, after which
visible colonies of lactobacilli were evaluated.

Therefore, there is a bacteriostatic effect even at
the maximum concentration of bile salts (0.5%).
Because of the lack of growth, we proceeded to a
second run of the experiment with LSM agar in
decreasing concentrations of bile salts (0.5%,
0.25%, 0.12% w/v), but in the absence of cysteine
and having an initial concentration between =107
CFU/mL =10'! (Table 2).

Results

The oral strains used were L. jensenii, L. gasseri, L.
salivarius, L. crispatus, and L. delbrueckii. The
fecal strains used were L. fermentum and L.
rhamnosus.

Thanks to the use of three different PCR meth-
ods we were able to identify the commercial strain:
it was L. paracasei (but was marketed as L. casei).
We repeated the tuf gene PCR method proposed by
Ventura et al.?’ five times to be sure of the final
result.

All strains were grown on LSM agar without
supplements. L. fermentum and L. gasseri were
particularly resistant to the treatment at pH 3.0, but
all other strains demonstrated tolerability, however
L. salivarius and L. paracasei were reduced sig-
nificantly (Table 2). These results were compara-
ble for both runs of 10 independent experiments.

E. coli ATCC 35218 invariably grew in all con-
ditions considered.

Regarding the sensitivity to bile salts, the first
run of the experiment was performed with bacterial
cultures having an initial concentration of 10°
CFU/mL. It was observed that all strains were sen-
sitive to treatment BS 0.5% — Cys 0.05% w/v both
pre- and post-treatment at low pH. Furthermore,
the bacteriostatic action, demonstrated in vitro by
high concentrations of bile salts, showed that the
strain was still alive though not able to multiply.

Instead, when we proceeded to the second run
of the experiment with decreasing concentrations
of bile salts (0.5%, 0.25%, 0.12% w/v) and an
initial concentration of bacteria =107 CFU/mL,
the results indicated that they were able to multi-
ply even in the presence of the highest concentra-
tion of bile salts (pre- low pH treatment) but
with a strain-dependent resistance/sensitivity
(Table 2). However, after 1 h at a low pH, the
bacterial concentration was drastically reduced,
obtaining similar results to those of the first run
of the experiment.
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Figure |. Tolerance evaluation procedure to low pH and bile salts.
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Table 2. Survival percentage pre- and post-treatment at low pH and in the presence of bile salts (BS) at different concentrations

(% wiv).

Percentage survival (%) pre-treatment at low pH

Strain LSM BS 0.5% Cys 0.05% BS 0.5% BS 0.25% BS 0.12%
L. jensenii 1.0 x 107 1.5 2 2,5 4
L. crispatus 58 1.0 x |08 10 20 40 80
L. delbruekii 2.0 x 107 24 25 35 40
L. gasseri 44 10 x 10" 20 40 50 70
L. salivarius 26 7.0 x [0 14.2 28.6 40 43
L. rhamnosus 33 6.0 x 107 16 33 58 75
L. fermentum 42 8.0 x 107 18 38 50 62.5
L. paracasei trademark 1.0 x 10° | 3 4.5 5
Percentage survival (%) post-treatment at low pH

L. jensenii 1.0 x 103 0 0.2 0.4 |
L. crispatus 58 1.0 x 103 0 10 15 30
L. delbruekii 1.0 x 103 0 20 20 20
L. gasseri 44 5.0 x 107 0 I5 30 40
L. salivarius 26 1.0 x 103 0 40 55 60
L. rhamnosus 33 2.0 x 10° 0 10 20 25
L. fermentum 42 3.0 x 10° 0 10 15 20
L. paracasei trademark 1.4 x 103 0 0 0 0

Discussion

Intestinal microbiota plays an important role in
normal gut function and maintaining host health.?
The mechanism is by means of cross-talk with the
epithelial cells.? Any change in the intestinal
microbiota could have a negative impact on host
health: intestinal disorders, allergies, obesity, and
infections. Thus, it is easy to understand that when
necessary it is useful to take these good bacteria to
restore the gut microbiota.??

First of all, it is important that bacteria arrive alive
in the intestine, but our in vifro experiments prove
that the loss of lactobacilli, caused by two important
factors (gastric acid and bile salts), is remarkable.

The method proposed by Bolado-Martinez in
20092! was chosen because, unlike other similar
works,30-31 it offers a more realistic representation
of the physiological conditions of the human body,
simulating the series of events (resistance to bile
salts following exposure to low pH) which bacteria
are exposed to in the gut during digestion.?!

Unlike Bolado-Martinez et al.,2! who conducted
experiments on 20 strains of L. reuteri, we pre-
ferred to randomly choose different species of lac-
tobacilli in order to see which had greater resistance
to the conditions.

In the commercial preparation of probiotics,
tablets or capsules are already used as vehicles for
oral administration of these bacteria. However, a

pharmaceutical vehicle must not only be able to
contain bacteria and protect them from the external
environment until they are needed, but it must be
able to improve their adaptive capacity to adverse
conditions within the body to arrive in the intestine,
not only alive, but also able to multiply, at least
temporarily. This is the reason why we chose to run
tests even on a strain isolated from a commercial
product, but our results were not positive. Therefore,
we need to find a protection to allow the highest
possible number of bacteria to remain viable.

Our studies are ongoing taking into account the
coupling of the bacterial strain with a biological
support which acts as a protection and provides
nutrition during the ‘journey’ towards the coloni-
zation of the intestine. Meanwhile, for the most
resistant strains there are ongoing in vitro experi-
ments about adhesiveness properties, bacterial
interference, and antimicrobial activity against
bacterial pathogens thanks to bacteriocin produc-
tion (data not shown).

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.



432

International Journal of Immunopathology and Pharmacology 28(3)

References

1.

10.

11.

12.

13.

. Elmer GW (2001) Probiotics:

Carr FJ, Chill D and Maida N (2002) The lactic acid
bacteria: A literature survey. Critical Reviews in
Microbiology 28: 281-370.

. Servin AL (2004) Antagonistic activities of lactoba-

cilli and bifidobacteria against microbial pathogens.
FEMS Microbiology Reviews 28: 405—440.

. Ruszczynski M, Radzikowski A and Szajewska H

(2008) Clinical trial: Effectiveness of Lactobacillus
rhamnosus (strains E/N, Oxy and Pen) in the preven-
tion of antibiotic~associated diarrhoea in children.
Alimentary Pharmacology & Therapeutics 28: 154—
161.

. Alakomi HL, Skyttd E, Saarela M, et al. (2000) Lactic

acid permeabilizes gram-negative bacteria by disrupt-
ing the outer membrane. Applied and Environmental
Microbiology 66: 2001-2005.

“Living drugs”.
American Journal of Health-System Pharmacy 58:
1101-1109.

. Chen X, Kokkotou EG, Mustafa N, et al. (2006)

Saccharomyces boulardii inhibits ERK1/2 mitogen-
activated protein kinase activation both in vitro and
in vivo and protects against Clostridium difficile toxin
A-induced enteritis. Journal of Biological Chemistry
281: 24449-24454.

. Wold AE (2001) Immune effects of probiotics. Food

& Nutrition Research 45: 76-85.

. Ministero della Salute (2013) Guidelines on probiotics

and prebiotics, Revision May 2013. Rome: Ministero
della Salute.

. Food and Agriculture Organization (2006) Probiotics

in food: Health and nutritional properties and guide-
lines for evaluation. Rome: FAO.

ISPOR (2008) Recommendations for the use of pro-
biotics have been released following the Advances
in Clinical Use of Probiotics Workshop. Guideline.
ISPOR News 1: 5.

Fasoli S, Marzotto M, Rizzotti L, et al. (2003) Bacterial
composition of commercial probiotic products as
evaluated by PCR-DGGE analysis. International
Journal of Food Microbiology 82: 59-70.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2010) Scientific Opinion on the sub-
stantiation of a health claim related to Lactobacillus
casei strain Shirota and maintenance of the upper
respiratory tract defence against pathogens by main-
taining immune defences pursuant to Article 13 (5)
of Regulation (EC) No 1924/2006. EFSA4 Journal 8:
1860.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2010) Scientific Opinion on the
substantiation of health claims related to Lactobacillus
fermentum CECT5716 and maintenance of the upper
respiratory tract defence against pathogens by main-

14.

15.

16.

17.

18.

19.

taining immune defences (ID 916) pursuant to Article
13(1) of Regulation (EC) No 1924/2006. EFSA
Journal 8: 1802.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2012) Scientific Opinion on the sub-
stantiation of health claims related to a combination
of Lactobacillus gasseri PA 16/8, Bifidobacterium
bifidum M 20/5 and Bifidobacterium longum SP 07/3
and maintenance of upper respiratory tract defence
against pathogens (ID 931, further assessment) pursu-
ant to Article 13(1) of Regulation (EC) No 1924/2006.
EFSA Journal 10: 2718.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2010) Scientific Opinion on the
substantiation of health claims related to Lactobacillus
rhamnosus LB21 NCIMB 40564 and decreasing
potentially pathogenic intestinal microorganisms (ID
1064), digestive health (ID 1064), and reduction of
mutans streptococci in the oral cavity (ID 1064) pursu-
ant to Article 13(1) of Regulation (EC) No 1924/2006.
EFSA Journal 8: 1487.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2010) Scientific Opinion on the
substantiation of a health claim related to Synbio, a
combination of Lactobacillus rhamnosus IMC 501®
and Lactobacillus paracasei IMC 502®, and mainte-
nance and improvement of intestinal wellbeing pursu-
ant to Article 13(5) of Regulation (EC) No 1924/2006.
EFSA Journal 8: 1773.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2011) Scientific Opinion on the
substantiation of health claims related to Lactobacillus
plantarum 299v and reduction of flatulence and bloat-
ing (ID 902), and protection of DNA, proteins and
lipids from oxidative damage (ID 1083) pursuant
to Article 13(1) of Regulation (EC) No 1924/2006.
EFSA Journal 9: 2037.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2011) Scientific Opinion on the
substantiation of health claims related to Lactobacillus
johnsonii NCC 533 (Lal) (CNCM 1-1225) and
improving immune defence against pathogenic gastro-
intestinal microorganisms (ID 896), and protection of
the skin from UV-induced damage (ID 900) pursuant
to Article 13(1) of Regulation (EC) No 1924/2006.
EFSA Journal 9: 2231.

EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) (2012) Scientific Opinion on the
substantiation of health claims related to a combina-
tion of Lactobacillus paracasei CNCM 1-1688 and
Lactobacillus salivarius CNCM I-1794 and reduction
of gastro-intestinal discomfort (ID 2972), decreasing
potentially pathogenic gastro-intestinal microorgan-
isms (ID 2972), improved lactose digestion (ID 2972)
and increasing IL-10 production (ID 2973) (further



Fuochi et al.

433

20.

21.

22.

23.

24.

25.

assessment) pursuant to Article 13(1) of Regulation
(EC) No 1924/2006. EFSA Journal 10: 2856.

Ruiz L, Margolles A and Sanchez B (2013) Bile
resistance mechanisms in Lactobacillus and
Bifidobacterium. Frontiers in Microbiology 4: 396.
Bolado-Martinez E, Pérez-Morales R and Acedo-
Félix E (2009) An alternative method for evaluation
of resistance to low pH and bile salts in probiotic char-
acterization of Lactobacillus reuteri strains. A tech-
nical note. Revista Cientifica, Facultad de Ciencias
Veterinarias, Universidad del Zulia 19: 93-96.
Hartemink R, Domenech VR and Rombouts FM
(1997) LAMVAB — a new selective medium for
the isolation of lactobacilli from faeces. Journal of
Microbiological Methods 29: 77-84.

Charteris WP, Kelly PM, Morelli L, et al. (1998)
Antibiotic susceptibility of potentially probiotic
Lactobacillus species. Journal of Food Protection 61:
1636-1643.

Randazzo CL, Restuccia C, Romano AD, et al. (2004)
Lactobacillus casei, dominant species in naturally fer-
mented Sicilian green olives. International Journal of
Food Microbiology 90: 9-14.

Scuderi MC (2011) Identificazione molecolare di
lattobacilli umani ed epidemiologia delle resistenze.
Archivio Istituzionale ad accesso aperto. Available at:
http://hdl.handle.net/10761/306.

26.

27.

28.

29.

30.

31.

Song YL, Kato N, Liu CX, et al. (2000) Rapid iden-
tification of 11 human intestinal Lactobacillus spe-
cies by multiplex PCR assays using group~and
species~specific primers derived from the 16S-23S
rRNA intergenic spacer region and its flanking 23S
rRNA. FEMS Microbiology Letters 187: 167-173.
Ventura M, Canchaya C, Meylan V, et al. (2003)
Analysis, characterization, and loci of the zuf genes in
Lactobacillus and Bifidobacterium species and their
direct application for species identification. Applied
and Environmental Microbiology 69: 6908—6922.
Gomez Zavaglia A, Kociubinski G, Perez P,
et al. (1998) Isolation and characterization of
Bifidobacterium strains for probiotic formulation.
Journal of Food Protection 61: 865-873.

Freitas M, Axelsson LG, Cayuela C, et al. (2002)
Microbial-host interactions specifically control the
glycosylation pattern in intestinal mouse mucosa.
Histochemistry and Cell Biology 118: 149-161.
Chou LS and Weimer B (1999) Isolation and char-
acterization of acid- and bile-tolerant isolates from
strains of Lactobacillus acidophilus. Journal of Diary
Science 82: 23-31.

Rodriguez E, Argués JL, Rodriguez R, et al. (2003)
Reuterin production by lactobacilli isolated from pig
faeces and evaluation of probiotic traits. Lett Appl
Microbiol 37: 259-263.


http://hdl.handle.net/10761/306

