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Probiotic Screening and Safety Evaluation of Lactobacillus Strains
from Plants, Artisanal Goat Cheese, Human Stools, and Milk
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ABSTRACT The aim of this study was to select autochthonous strains of Lactobacillus from stools of healthy infants and

adults, human milk, artisanal goat cheese, and fruits and vegetables according to their probiotic properties and safety. From

421 strains of Lactobacillus isolated, 102 (24.2%) were shown to be tolerant to gastric pH and bile salts; they were used to

determine their anti-Helicobacter pylori (agar diffusion assay), antioxidant (oxygen radical absorption capacity), and anti-

inflammatory (inhibition of interleukin-8 release by tumor necrosis factor-a-stimulated HT-29 cells) activities as well as their

ability to adhere to intestinal (Caco-2) and gastric (AGS) cells. Results obtained were compared with three commercial

probiotic Lactobacilli rhamnosus GG, L. plantarum 299v, and L. johnsonii NCC533. The five strains most efficient according

to these activities were subsequently identified by sequencing their 16S rRNA gene, their susceptibility to antibiotics de-

termined, and their safety evaluated in mice. One strain of L. plantarum was discarded due to the higher prevalence of liver

translocation observed in the animals fed this strain. In conclusion, four autochthonous strains of L. rhamnosus were finally

selected with probiotic properties and safety allowing their eventual use in human studies. These results contribute to increase

the diversity of probiotic strains available for the development of nutraceuticals and functional foods.

KEY WORDS: �AU4 c anti-inflammatory � antimicrobial activity � antioxidant capacity � Lactobacillus (acidophilus, bulgaricus,

and others) � probiotics

INTRODUCTION

Lactobacilli are lactic acid bacteria widely used for
the elaboration of fermented foodstuffs such as cheese,

yogurt, sauerkraut, dry sausages, pickles, and silage for ani-
mal feeding. During the fermentation process, the production
of short-chain organic acids decreases the environmental pH
and inhibits pathogenic bacteria, in addition to the generation
of new flavors attractive for the consumers. Some species of
Lactobacillus present in fermented products are also frequent
members of the autochthonous microbiota of the gastroin-
testinal and the urogenital tracts and are even present in

maternal milk.1,2 Lactobacilli are generally recognized as safe
microorganisms and, together with bifidobacteria, are con-
sidered as the hallmark of a healthy microbiota in these body
compartments. However, only a discrete number of Lacto-
bacillus strains are considered as probiotics, defined by the
FAO/WHO as ‘‘Live microorganisms which, when adminis-
tered in adequate numbers, confer a health benefit to the
host.’’3 Probiotics are generally well accepted by the con-
sumers and, in addition to dairy products, they are increas-
ingly added to a growing number of foodstuffs such as infant
formula, ice cream, chocolate, cereals, and fruit and vegetable
juices. Healthy foods are increasingly demanded by educated
consumers and the global market for probiotics is one of the
fastest growing segments of the dietary supplement and
functional food industry. It is estimated that the compound
annual growth rate of the probiotic market ranges from 5%
to 30% depending on the country and product type, with an
expected market value of $31 billion in 2015.4 Taking into
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account these antecedents and the fact that the health-
promoting effects of the probiotics are strain specific, there is
a considerable interest in increasing the number of available
probiotic strains and products with new health properties
based on their mechanism of action. This study describes the
first step in the selection of local probiotic strains of Lacto-
bacillus initially isolated from stools of healthy infants and
adults, human milk, artisanal goat cheese, and fruits and
vegetables in Chile.

MATERIALS AND METHODS

Preliminary isolation and identification of Lactobacilli

Lactobacilli were isolated from fruits and vegetables,
artisanal goat cheese, human milk, and human feces.

The fruits and vegetables (corn, broccoli, pickles, cu-
cumber, artichoke, banana, and gherkin) were bought in the
local food markets. Sterile swabs moistened in a saline so-
lution were used to wash the surface of the plant material
and were subsequently spread onAU5 c MRS agar plates (a se-
lective medium for Lactobacillus sp.).

The Lactobacilli from cheese were isolated in a previous
study carried out by our laboratory to characterize the bio-
diversity of the lactic microbiota from artisanal goat cheese
elaborated in the Fourth Region (Coquimbo) in Chile. More
than 60 samples of crude goat milk and ripened cheese
obtained from different manufacturers were processed;
about 25 g of cheese were homogenized in sterile peptone
water 0.1%, serially diluted, and 100 lL of each dilution
was plated on MRS agar.

The Lactobacilli of fecal origin were initially isolated
during clinical trials previously carried out in our laboratory
in infants and adults.5–8 In these trials, healthy subjects were
recruited and the antecedents of previous intake of probiotics,
antibiotics, laxatives, or other drugs potentially interfering
with their intestinal microbiota were considered exclusion
criteria. Stool samples were obtained before the beginning of
the administration of the treatment and were processed, at the
most, 2 h after their emission. About 1 g of stool was serially
diluted in sterile phosphate-buffered saline (PBS) and 100 lL
of the dilution was plated on MRS agar.

For the isolation of Lactobacilli from human milk, 116
healthy mothers of at-term infants and without any phar-
macological treatments were recruited at the Hospital Luis
Tisne Maternity Ward in South-East of Santiago.2 Two
milliliter samples of colostrum were collected aseptically in
duplicate by a registered nurse during the first 2 days of the
postpartum and maintained at 4�C until their processing in
the laboratory (at the most 2 h after their emission). Samples
were diluted in sterile PBS and spread on MRS agar.

The protocol of all studies in which humans participated
had been reviewed and accepted by the Ethics Committee of
INTA, University of Chile and written informed consent was
obtained from the recruited subjects before their participation.

All samples seeded in MRS agar were incubated at 37�C
for 48–72 h under anaerobic conditions. Characteristic col-
onies were selected and processed for Gram staining and

bacterial morphology examination. Gram-positive bacteria
with Lactobacillus-like morphology were assayed for cata-
lase activity, indole production, and motility. Microorgan-
isms negative for the three tests were considered as potential
Lactobacillus spp. strains. The isolated strains were re-
suspended in an MRS broth 15% glycerol and/or in skim
milk (20%) and kept at - 30�C until subsequent analysis.

In the following studies, the presumed Lactobacillus
strains evaluated were compared, under the same experi-
mental conditions, with at least one of the three commercial
probiotic strains used as positive controls: L. johnsonii
NCC533, L. plantarum 299v, and/or L. rhamnosus GG.

Resistance to gastric pH and bile salts

To evaluate the resistance of the Lactobacillus strains to
gastric lumen conditions, a standardized inoculum (*108

b AU6UFC/mL) was added to artificial gastric juice (NaCl 0.2%,
pepsine 0.32% [w/v b AU7], pH 2,0 adjusted with HCl) and incu-
bated at 37�C for 90 min. Thereafter, serial dilutions were
carried out in sterile saline (0.85%), plated on MRS agar
plates, and incubated at 37�C for 72 h under anaerobic
conditions. Strains were defined as resistant when their
initial concentrations did not decrease by more than one log
during the time course of the incubation.

On the other hand, a standardized inoculum of the bacteria
was cultured in the MRS broth containing 0.4% bile salts
(Oxgal) for 4 h at 37�C in a microaerophilic atmosphere.
Bacterial counts were carried out in MRS agar at 37�C for
48 h under anaerobic conditions. Resistant strains were de-
fined as those whose initial concentrations did not decrease by
more than one log during the incubation.

The strains of Lactobacillus resistant to gastric pH and
bile salts were selected for evaluation of their antibacterial,
antioxidant, anti-inflammatory, and adhesion properties.

Inhibitory activity against Helicobacter pylori

Two strains of Helicobacter pylori, ATCC 43504 and a
local strain (TX-136) isolated from a gastric biopsy in a
patient with duodenal ulcer (both expressing the vacA and
cagA virulence toxins), were used as targets to determine
the inhibitory activity of the Lactobacilli in an agar diffusion
assay. Fresh cultures of both the H. pylori strains were
spread on antibiotic-free blood agar and 5 lL of the Lac-
tobacillus strain culture was deposited as spots on the agar.
The plates were incubated at 37�C under microaerophilic
conditions for 72 h and the diameters of inhibition zones
were measured. The assays were carried out in duplicate.

In addition, the capacity of the Lactobacilli to inhibit the
urease activity of H. pylori was also determined. A stan-
dardized inoculum of the H. pylori strain was incubated with
the supernatants of the Lactobacillus strains (adjusted at pH
4.5 and 6.5) in a urea broth (20 g/L) with phenol red (0.01 g/L)
for 24 h at 37�C in 96-well microplates. The urea broth with
the H. pylori strain and ampicillin (25 lg/mL) was used as
positive control of inhibition and the urea broth alone with
H. pylori as negative control. Changes in OD550 were de-
termined during the time course of the incubation period.
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The presence of inhibitory activity was defined by the
absence of OD changes.

Anti-inflammatory activity

The anti-inflammatory activity was determined using
HT29 intestinal cells, as described elsewhere.9 The cells were
cultured inAU5 c the DMEM/F12 medium containing 10% fetal
calf serum with antibiotic at 37�C until confluence. Cells
were washed and incubated in a serum-free medium without
antibiotic in the presence of tumor necrosis factor-a (TNF-a,
40 ng/mL) and an aliquot of the supernatants of standardized
Lactobacillus cultures (10 h at 37�C). The anti-inflammatory
activity was determined in triplicate and as the percentage of
inhibition of interleukin (IL)-8 release induced by TNF-a
compared with the control without a supernatant.

Determination of the antioxidant activity

Selected Lactobacillus strains were cultured in the MRS
broth for 16 h and the resulting bacterial suspensions were
washed two times in sterile PBS and standardized at a
concentration of 109 colony forming unit (CFU)/mL. The
suspensions were ultrasonicated on ice to release their in-
tracellular content and centrifuged at 4�C. The supernatants
were used to determine the antioxidant activity through the
determination of the oxygen radical absorption capacity
(ORAC) assay.

ORAC was carried out following the method described by
Cao et al.10 with slight modifications, by measuring the
ability of the samples to inhibit the decline in fluorescein
(FL) fluorescence induced by the peroxyl radical genera-
tor 2,20-azobis-2-methyl-propanimidamide dihydrochloride
(AAPH; Sigma). The reaction mixture contained 70 nM FL
and 18 mM AAPH in a final volume of 270 lL of a 120 mM
phosphate buffer (pH 7.4). FL, phosphate buffer, and the
bacterial supernatant were preincubated at 37�C for 20 min.
The reaction was started by the addition of AAPH and
fluorescence intensity was recorded every 3 min (485Ex/
520Em) using a microplate reader (Synergy HT; Biotek
Instruments) until the fluorescence of the last reading de-
clined to a value lower than 5% of the first reading. The raw
data were exported to a GraphPad Prism 4 sheet to calculate
the area under the curve of FL decay; results were expressed
as lmole of trolox equivalent (TE)/L.

Adhesion to intestinal and gastric epithelial cells

The adhesion to Caco2 intestinal cells was determined for
the 102 strains of Lactobacillus resistant to pH and bile salts,
while the adhesion to AGS gastric cells was evaluated only
with those strains with exhibited antibacterial, antioxidant,
and/or anti-inflammatory activities. Caco-2 and AGS cells
were cultured in the DMEM/F12 medium containing 10%
fetal calf serum with antibiotic at 37�C in 96-well micro-
plates. Confluent cells were incubated for 1 h at 37�C with
each strain of Lactobacillus at a concentration of *107

CFU/mL. After the incubation, the cells were washed four
times with sterile PBS to eliminate nonadhering bacteria and

lyzed with 0.3% Triton. The lysates were serially diluted in
PBS and 100 lL of the dilutions was spread on MRS agar
and incubated for 48 h at 37�C in anaerobic conditions. Cells
grown in control wells without bacteria were trypsinized and
the mean number of living Caco2 cells per well was deter-
mined in a cell counting chamber after Trypan Blue stain-
ing. Results were expressed as the percentage of adhering
bacteria in relation with the total number of bacteria added
into the well at the beginning of the experiment.

Lactobacillus identification by 16S rRNA
gene sequencing

The 102 strains of Lactobacillus resistant to pH and bile
salts were ranked according to the results of their antibac-
terial, antioxidant, anti-inflammatory, and adherence prop-
erties and the five most efficient strains were selected for
sequencing. Their bacterial DNA were extracted from 1 mL
of overnight culture and the 16S rRNA gene was subse-
quently amplified by polymerase chain reaction (PCR) using
the following primers: 27F: 50 AGA GTT TGA TCM TGG
CTC AG 30 and 1492R: 50 TAC GGY TAC CTT GTT ACG
ACT T 30.2 The PCR products were separated in 1% agarose
gel, purified, and subsequently sequenced (Macrogen USA
sequencing service). The Lactobacillus species were iden-
tified by comparing their sequences with those from the
Ribosomal Database Project (http://rdp.cme.msu.edu/).

Antibiotic susceptibility and safety evaluation

The susceptibility to antibiotics of the five selected strains
as well as their safety in animals were determined.11 The
antibiotic susceptibility was carried out using the agar dif-
fusion method ( b AU5CLSI) adapted from Charteris et al.12 The
diameter of the inhibition was measured after 24 h of incu-
bation at 37�C in anaerobic conditions and compared with
the CLSI 2009 tables. Escherichia coli ATCC 25922 were
used as control strain13 and commercial probiotics were
used as references.

For the evaluation of safety, male BALB/c mice aged 6–8
weeks (17–21 g) (Public Health Institute) were acclimatized
for 2 weeks before the test in the animal housing facilities of
INTA, with ad libitum access to water and food. The ex-
perimental protocol was accepted by the Committee on
Ethics in Animals of INTA. Eight groups of animals (n = 6–11)
were used: groups 1 and 2 were positive control groups
treated with commercial probiotic strains (L. rhamnosus GG
or L. plantarum 299v), while groups 3–7 were experimental
groups challenged with each one of the five strains selected
in this study. For administration, all bacterial strains were
resuspended in 10% skim milk at a concentration *1011

CFU/ml. Group 8 was the negative control group, treated
with the vehicle (10% skim milk powder). A volume of 50
lL of the bacterial suspension was administered in-
tragastrically with a gavage needle twice daily at 4-h in-
tervals for 7 consecutive days. The negative control group
received the same amount of milk without the bacterial
strains. The animals were then subjected to a 1-week
washout period without treatment. Mice were weighted
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before and after treatment and at the end of the washout
period and their condition (coat, somnolence, activity, stress,
and diarrhea) was evaluated daily throughout the course of
the study. At the end of the washout period, the animals were
anesthetized with diethyl ether and blood samples were ob-
tained by cardiac puncture to quantitate hematological pa-
rameters. Mice were then sacrificed by cervical dislocation,
washed with 95% ethanol, and a laparotomy was carried out
in a laminar flow cabinet to extract aseptically mesenteric
lymph nodes, liver and spleen samples. These tissue samples
were homogenized in sterile PBS and aliquots of the ho-
mogenates were spread on MRS agar and brain heart (BH)
agar (an enriched nonselective medium for aerobic and an-
aerobic bacteria) plates and incubated anaerobically for 48 h
at 37�C to determine the presence of microorganisms, sug-
gestive of bacterial translocation.14 Results were expressed as
the prevalence of bacteria in the samples, that is, the number
of samples with detected bacteria/total samples. On the other
hand, samples of terminal ileum, cecum, and proximal colon
were also excised to evaluate possible damage to their mu-
cosa through their histologic evaluation by a trained pathol-
ogist blinded to the treatments administered.

Statistical analysis

Results are expressed as mean – standard deviation (SD)
or as median – interquartil range (IQR) according to the
parametric or nonparametric distribution of the variables.
When necessary, comparisons between groups were carried
out by using the Mann–Whitney nonparametric test. Chan-
ges in weight of the animals in the safety study were com-
pared between groups by analysis of variance for repeated
measurements. Prevalence of bacteria in the tissue samples
was analyzed by the Fisher test.

RESULTS

Lactobacillus spp. isolation and evaluation of gastric
pH and bile salt resistance

A total of 421 strains of presumed Lactobacillus spp.
were isolated and characterized: 234 from stool samples,
132 from human milk samples, 46 from artisanal goat
cheese, and 9 from fruits and vegetables. The microorgan-
isms isolated were selected initially on the basis of their
capacity to survive incubation with artificial gastric juice or
bile salts. Of the 421 strains evaluated, 102 (24.2%) were
resistant to the conditions comparable to the gastric juice
and to the bile salts: 60 (25.6%) from human stool, 29 (22%)
from human milk, 10 (21.7%) from artisanal goat cheese,
and 3 (33.3%) from fruits and vegetables. No differences as
related to their origin were observed (P = .76). These 102
strains were posteriorly used for the subsequent selection
procedures.

Antibacterial activity against anti H. pylori

The antibacterial activity of the 102 selected strains of
Lactobacillus was evaluated using the agar diffusion assay

with a reference strain of H. pylori from ATCC (Ref
443504) and a local clinical isolate (TX-136) as targets. The
inhibition halo was measured after 72 h of incubation. The
positive control strain L. johnsonii NCC533 inhibited both
strains of H. pylori as well as their urease activity, while
L. rhamnosus GG and L. plantarum 299v were less efficient.
Six out of the 102 strains evaluated (5.9%) inhibited both
target strains, 7 (6.9%) inhibited only one H. pylori strain
and 4 exhibited a low antibacterial activity ( b T1Table 1). These
17 strains also inhibited the urease activity of both strains of
H. pylori at pH 4.5. At pH 6.5, 14 of them (82%) inhibited
the urease activity of the ATCCC 443504 strain, while only
10 (59%) was effective against the urease activity of the TX
136 strain.

Anti-inflammatory activity

The anti-inflammatory activity of the 102 strains of
Lactobacillus strains was evaluated as the percentage of
inhibition of IL-8 release by TNF-a-stimulated HT-29 cells.
Seven strains (6.9%) inhibited IL-8 release by more than
75% and 13 showed a moderate effect (50–75% of inhibi-
tion), similar to that observed with the probiotic strain
L. johnsonii NCC533 (58.0 – 7.2% of inhibition). The re-
maining strains had little or no effect or even, in some cases
(10 strains), stimulated IL-8 release.

Antioxidant activity

Taking as cutoff point the mean value of the three com-
mercial probiotic strains (L. johnsonii NCC533, L. rham-
nosus GG, and L. plantarum 299v) used as controls
(4.30 – 1.95 lmol TE/L) – 2 SD, nine strains of Lactoba-
cillus with antioxidant activity were detected ( b T2Table 2).

Adhesion to intestinal and gastric epithelial cells

The adhesion of selected Lactobacillus strains to Caco-2
intestinal cells was expressed as the percentage of adhering
bacteria in relation with the number of bacteria initially
present in the well. The median value of adhesion for the
102 strains evaluated was 0.28% [0.08–1.30%] ([IQR]). An
adhesion rate greater than 2.5% was observed in 12 of the
102 strains (11.8%), similar to that observed by the probiotic
L. johnsonii NCC533 (4.43 – 0.52%), while it was moderate
(between 1% and 2.5%) in 18 (17.7%) and low in the re-
maining strains. Adhesion to gastric cells was evaluated
only in the strains displaying anti-inflammatory, antioxi-
dant, or/and anti-H. pylori activities. The median value of
adhesion was 1.33% [0.19–3.01%] ([IQR]) and two strains
had an adhesion rate greater than 2.5%.

Selection and genotyping

Strains were ranked taking into account the results pre-
viously described and the five strains with the highest
ranking were selected for genotyping through PCR se-
quencing. As shown in b T3Table 3, four strains are L. rham-
nosus species and one L. plantarum, four of them originating
from human stools and one from an artisanal goat cheese.
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Their individual values for anti-H. pylori, antioxidant, anti-
inflammatory, and adhesive properties are also shown in the
Table.

Antibiotic susceptibility

The antibiotic susceptibility of the five selected strains is
shown inT4 c Table 4. All the strains were resistant to nalidixic
acid, streptomycin, and vancomycin and sensitive to eryth-
romycin, rifampicin, chloramphenicol, and penicillin
G. Eighty percent were sensitive to cefazolin and tetracy-
cline and 20% to sulfa-trimethoprim.

Evaluation of safety in mice

The condition of the animals was not affected by the
treatments (data not shown). The analysis of variances for
repeated measurements did not detect any differences in
weight changes between the experimental groups and the
control group (skim milk) or the groups that were admin-
istered the commercial probiotic strains (L. rhamnosus GG
or L. plantarum 299v) (Data not shown).

The histological analysis indicates that the thickness of
the mucosae in the control animals was 259.2 – 28.1 nm,
129.1 – 12.8 nm, and 108.8 – 73 nm for the ileal, cecal, and
colonic samples, respectively. No alterations in these pa-
rameters were observed in the groups receiving L. rham-
nosus GG or L. plantarum 299v. In particular, the integrity
of the epithelium was not affected and infiltration of neu-
trophils or monocytes/macrophages in the lamina propria
was not detected nor was edema or venous congestion (data
not shown). No changes in the thickness of the cecal and
colonic mucosa were observed in the experimental groups
compared with the control group or the groups receiving
LGG or Lp299v. Only a significant increase of the thick-
ness of the ileal mucosa was observed in the animals ad-
ministered with the N145 (287.4 – 20.4 nm; P < .05) and
the 20 (297.4 – 18.5 nm; P < .01) strains compared with the
controls.

With respect to the hematological parameters of the ani-
mals, the erythrocyte concentration, mean corpuscular vol-
ume, hematocrit, hemoglobin concentration, and zinc
protoporphyrin were not affected by the administration of the
commercial probiotics (L. rhamnosus GG or L. plantarum

Table 1. Strains of Lactobacillus spp. with Anti-Helicobacter pylori Activity

Inhibition of urease activity

Anti-Helicobacter pylori activity ATCC 443504 TX-136

Strains of Lactobacillus spp. Origin ATCC 443504 TX-136 pH 4.5 pH 6.5 pH 4.5 pH 6.5

L. johnsonii NCC533 Commercial + + + + + +
L. rhamnosus GG Commercial - + + - + +
L. plantarum 299v Commercial - - + + + +
17 Human stool + + + + + +
20 Human stool + + + + + -
27 Human stool - + + + + +
70 Human stool + + + + + +
77 Human stool + + + + + +
40B Human stool - + + + + -
45B Human stool + - + + + -
750 Human stool - + + - + -
F152-8 Human stool - + + + + +
ISVI-A Human stool - + + + + -
N145-1 Human stool + + + + + -
D111-2 Human stool - + / - + - + +
D113-4 Human stool + / - + / - + + + +
VISA Human stool - + + + + +
L55-2-35 Maternal milk + / - - + + + +
L60-1-13 Maternal milk + / - - + - + -
POR-601 Fruits/vegetables - + + + + +

- , Absence of halo of inhibition; + / - , presence of a weak halo of inhibition; + , presence of a large halo of inhibition.

Table 2. Antioxidant Activity (Oxygen Radical Absorption

Capacity) in Lactobacillus Strains

Lactobacillus strains Origin
Antioxidant activity

(ORAC) (lmol TE/L)

L. johnsonii NCC533 Commercial 2.73 – 0.8
L. rhamnosus GG Commercial 6.49 – 0.7
L. plantarum 299v Commercial 3.68 – 0.4
Mean control strains 4.30 – 1.95
SAVI Human stool 8.94 – 0.6
45B Human stool 17.4 – 0.8
AIES-B Human stool 10.34 – 0.2
F54-1B Human stool 9.98 – 0.5
N221-1 Human stool 8.74 – 0.3
QF60-2 Goat cheese 11.49 – 0.3
QF96-1 Goat cheese 9.08 – 0.9
L30-2-17 Human milk 10.85 – 0.8
L63-1-25 Human milk 10.59 – 0.7

ORAC, oxygen radical absorption capacity; TE, trolox equivalent.
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299v) or by the selected strains and their values remained
within the physiological range (data not shown). However,
the white cell count was slightly below the physiological
range in the group receiving L. rhamnosus 20 and this pa-
rameter was clearly decreased in the group receiving
L. plantarum N221 compared with the control group
(3.80 – 1.78 · 103/mm3 vs. 8.61 – 2.86 · 103/mm3, respec-
tively), while no variations were detected in the other groups.

The prevalence of bacterial translocation, that is, the
passage of bacteria across the epithelial monolayer from the
gut lumen to the mesenteric lymph nodes, spleen, and liver,
was determined by culturing samples of these tissues on a
nonselective BH medium (allowing the detection of most of
the cultivable bacteria) and on the MRS medium, selective
for Lactobacillus sp. As shown inT5 c Table 5, bacteria were
detected in 100% of lymph node samples from the vehicle-
treated animals and from the groups administered LGG or
Lp299v, when cultured in the BH medium; however, the
detection rate of bacteria was lower (0–18%) when
the samples were cultured on the MRS medium. The prev-
alence of bacteria (cultured either in the BH or MRS me-
dium) in the lymph node samples of the animals treated with
the strains selected in the current study was similar or lower
than those observed with the commercial probiotics, except
for the group treated with the L. plantarum N-221 strain,
which shows a significantly higher rate of detection (50%) in
the MRS medium. The prevalence of bacteria in samples of

spleen and liver cultured either in BH or MRS agar was lower
or similar to that observed in lymph nodes. The presence of
bacteria in samples cultured on MRS agar tended to be more
frequent in the group treated with the strain L. plantarum
N221-1 and in addition, the concentrations of bacteria were
higher in this group than in the other groups (data not shown).

DISCUSSION

The aim of this study was to characterize strains of Lac-
tobacillus isolated in Chile from different origins, according
to the International Scientific Association for Probiotics and
Prebiotics,15 which states that probiotics must ‘‘be alive
when administered, have undergone controlled evaluation to
document health benefits in the target host, be a taxonomi-
cally defined microbe or combination of microbes (genus,
species and strain level), and be safe for its intended use.’’
As a preamble, it is noteworthy that there are no official
standardized methods to assess probiotic properties or safety
and that in consequences, the methods generally used vary
from study to study, increasing the variability of their results
and creating uncertainty in comparing results.

An important criterion for the selection of potential pro-
biotics is their capacity to resist gastric pH and bile salts and
to adhere to epithelial surfaces, which determine their ability
to remain alive and functional in the gastrointestinal tract of
their host.16 Lactobacilli are naturally resistant to low pH

Table 3. Characteristics of the Selected Strains of Lactobacillus in Relation to Their Antibacterial, Antioxidant,

Anti-inflammatory, and Adhesive Properties

Selected strains
of Lactobacillus Origin

Anti-H. pylori
activityaAU9 c

Antioxidant activity
(lmol TE/L)

Adhesion to
Caco-2 cells (%)

Adhesion to
AGS cells (%)

Anti-inflammatory
activity (% of inhibition

of IL-8 release)

L. rhamnosus 20 Human stool + + 3.05 – 0.2 2.01 – 0.08 1.33 – 0.07 76.3 – 3.5
L. rhamnosus 45B Human stool + 17.4 – 0.8 0.09 – 0.04 3.01 – 0.32 79.5 – 0.8
L. plantarum N221-1 Human stool - 8.74 – 0.3 0.25 – 0.06 4.55 – 0.14 83.0 – 5.2
L. rhamnosus N145-1A Human stool + + 6.60 – 0.5 0.50 – 0.12 1.63 – 0.07 80.7 – 6.8
L. rhamnosus QF60-2 Goat cheese - 11.49 – 0.3 0.66 – 0.06 4.62 – 0.08 81.0 – 10.6

- , without activity; + , moderate activity; + + , high activity.

Table 4. Antibiotic Resistance of the Five Selected Strains of Lactobacillus

Antibiotics

Control strains Selected strains of Lactobacillus

Lp 299v Lr GG Lj NCC533 Lr 20 Lr 45B Lr N145-1A Lp N221-1 Lr QF60-2

Penicillin G (10 U) MS S S S S MS S MS
Cefazolin (30 lg) R S R R S S MS S
Nalidixic acid (30 lg) R R R R R R R R
Tetracycline (30 lg) S S S S S S S R
Streptomycin (10 lg) R S R R R R R R
Rifampicin (5 lg) S S S S S S — —
Erythromycin (15 lg) R S S S S S S S
Chloramphenicol (30 lg) S S — — S S S S
Sulfa-trimethoprim (25 lg) MS R R R S R R R
Vancomycin (30 lg) R S R R R R R R

S, sensitive; R, resistant; MS, moderately sensitive.
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due to their fermentative metabolism that produces organic
acids such as lactic acid, resulting in pH values lower than
4.5 in the fermented products where they are found. In ad-
dition, some of them are natural inhabitants of the small
intestine and are adapted to the presence of bile salts. Our
results show that about 24% of the strains evaluated were
tolerant to artificial gastric juice, pH 2.0, and to 0.4% bile
salts, independently of their origin. The range of tolerance of
Lactobacillus spp. to gastric conditions and bile salts de-
scribed in the literature is rather broad, probably depending
on the variations in the methods used, as previously stated.
For example, 8.1% of the strains isolated from infant fe-
ces,17 16.9% of these from infant feces or kimshi,18 and
20.7% of those from dairy products19 were resistant to
gastric conditions and bile salts, similarly to the results
observed in this study.

The adhesion of the probiotic strains to the epithelial cells
overlying the mucosa of the stomach, small intestine, and
colon is another important aspect that allows them to colo-
nize temporarily in the gastrointestinal tract and exert their
health-promoting effects, as well as preventing the adhesion
of pathogens to the epithelium.18,20,21 Maragkoudakis
et al.19 recently observed that more than 34% of the 29
strains of Lactobacillus isolated from dairy products showed
adhesion rates higher than 2.5%, and as high as 25% for
some of them. It must be remembered that increased ad-
herence to the intestinal mucosa may also potentiate bac-
terial translocation and virulence.22 In our study, an
adhesion rate greater than 2.5% was observed in 12% of the
strains cocultured with intestinal cells and in 24% of these
cocultured with gastric cells, similar to those observed with
the widely consumed probiotic L. johnsonii NCC533.

In addition to their survival in the gastrointestinal tract,
probiotics must display specific activities supporting their
health-promoting effects. In this study, we evaluated the
antibacterial activity of the Lactobacillus strains against the
gastric pathogen H. pylori, in addition to their antioxidant
and anti-inflammatory activities. H. pylori is a highly
prevalent pathogen that colonizes the gastric mucosa and
induces a chronic inflammation (gastritis). It is currently
recognized as a major etiological agent of gastroduodenal

ulcers and a risk factor for some common forms of gastric
cancer.23 The treatment of gastric ulcers involves the ad-
ministration of associations of two or three antibiotics and
proton pump inhibitors and is mainly focused to the symp-
tomatic patients; however, this treatment is not completely
efficient due to the development of antibiotic resistance in
the bacteria or to the lack of patient compliance. The anti-
biotic treatment, in addition, causes adverse effects and is
expensive. Probiotics have been proposed as an interesting
tool for the dietary management of asymptomatic colonized
subjects in whom antibiotic treatment is not recommended
or to increase the efficiency of the eradication treatment or
decrease its side effects in colonized symptomatic patients.
The antagonist effects of probiotics for H. pylori have been
extensively reviewed24 and are mainly associated to the
capacity of the strains to produce bacteriocins, as described
for L. johnsonii NCC533.25 Our results confirm L. johnsonii
NCC533 as the most efficient probiotic strain with anti-H.
pylori activity compared with L. rhamnosus GG and
L. plantarum 299v; in addition, they show that 17% of the
strains assayed in the study interfered with the pathogen
growth and/or its urease activity. More studies with these
strains are necessary to determine the eventual involvement
of bacteriocins.

Inflammation and oxidative stress are phenomena fre-
quently associated in pathological conditions such as in-
fections (including those caused by H. pylori), inflammatory
and autoimmune diseases, and cancer and metabolic dis-
turbances. Oxidative stress is related to the increased pro-
duction of free radicals and/or the decrease of antioxidant
defenses. It has been proposed that some strains of Lacto-
bacillus may represent sources of dietary antioxidants26,27

because of their high content of free-radical scavengers such
as glutathione, enzymes such as superoxide dismutase or
catalase, or due to their ability to chelate pro-oxidant met-
als (iron, copper). Our results show that some of the
strains evaluated exerted better anti-inflammatory and/or
antioxidant activities than these exerted by the probiotic
strains used as positive control, suggesting that they could
positively modulate inflammatory processes in vivo. In con-
trast with these results, we also observed than some strains

Table 5. Prevalence of Microorganisms (Grown on Brain-Heart Agar) or Lactobacillus sp. (Grown on b AU6MRS Agar) in Samples

of Mesenteric Lymph Nodes, Spleen, and Liver from the Animals Treated with the Selected Lactobacillus Strains

Mesenteric lymph nodes Spleen Liver

BH (%) MRS (%) BH (%) MRS (%) BH (%) MRS (%)

Vehicle 11/11 (100) 2/11 (18) 9/11 (82) 2/11 (18) 7/11 (64) 0/11 (0)
LGG 8/8 (100) 1/8 (12.5) 4/8 (50) 0/8 (0) 5/8 (62.5) 0/8 (0)
Lp299v 7/7 (100) 0/7 (0) 3/7 (43) 0/7 (0) 2/7 (29) 0/7 (0)
N-221 4/8 (50) 4/8 (50) 3/8 (37.5) 3/8 (37.5) 8/8* (100) 4/8* (50)
QF-60-2 5/7 (71) 0/7 (0) 3/7 (43) 0/7 (0) 5/7 (71) 0/7 (0)
45B 6/6 (100) 1/6 (17) 5/6 (83) 1/6 (17) 5/6 (83) 0/6 (0)
N145 6/7 (86) — 6/7 (86) 0/7 (0) 7/7 (100) 0/7 (0)
20 6/7 (86) 1/7 (14) 6/7 (86) 1/7 (14) 5/7 (71) 1/7 (14)

*P < .05; Fisher exact test.

BH, brain heart; MRS b AU5.
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were able to increase IL-8 release by TNF-a-stimulated
HT-29 cells; similar findings have also been previously
described by Vizoso Pinto et al.28

Five strains were finally selected in this study according to
their high levels of antibacterial, antioxidant, anti-inflammatory
activity, and/or adhesion, compared with the control strains.
These strains were subsequently genotyped, showing
that four of them belonged to the L. rhamnosus species
and one to the L. plantarum species. It is noteworthy that
many of the widely commercially available probiotics are
strains of L. rhamnosus, such as L. rhamnosus GG,
L. rhamnosus HN001, L. rhamnosus Lcr35, or L. rhamnosus
GR-1. Finally, the safety of these strains was evaluated in
mice. This is a particularly important point as some cases of
endocarditis or septicemia induced by Lactobacilli or bifi-
dobacteria have been described in the recent decades,
drawing attention to the real safety of probiotics.29–32 Our
results show that the acute administration of high numbers of
the selected strains for 1 week does not alter the well-being
and weight gain of the animals, nor does it affect the integ-
rity of their intestinal mucosa. The hematological parame-
ters were not affected by the administrations of the
selected probiotic strains, with the exception of L. plantarum
N221, which significantly decreased the white cell con-
centration. Bacterial translocation was also evaluated.
Mesenteric lymph nodes represent a relevant barrier to the
passage of bacteria from the intestinal lumen to the sys-
temic circulation. The presence of bacteria at this level as
well as in the spleen and liver has been widely described in
mice,33 but this finding does not seem to have a pathological
significance.

Our results indicate that in general, bacterial translocation
in the experimental groups receiving the selected probiotic
strains was not different compared with the control group or
the groups fed L. plantarum 299v or L. rhamnosus GG.
However, a greater prevalence of liver translocation was
observed in the animals administered the L. plantarum
N221, suggesting that the probability of side effects with
this strain could be higher than with the other strains.

In conclusion, out of 421 strains of Lactobacillus spp.
isolated from plants, goat cheese, human stools, and milk
samples, 102 were selected for their resistance to gastric
conditions and bile salts. These were evaluated according to
their anti-H. pylori, anti-inflammatory, antioxidant, and
adhesive properties and the five most efficient were subse-
quently genotyped and their safety evaluated in mice. Four
strains of L. rhamnosus were found to be safe and could be
used in human studies.
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