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Abstract Four lactic acid bacteria, Leuconostoc mesen-
teroides subsp. mesenteroides, were isolated from aguamiel
the sap obtained from Agave salmiana from México
and identified by 16S rRNA gene sequence analysis. The
probiotic potential of these strains was evaluated and
compared with a commercial probiotic (Lactobacillus
plantarum 299v) from human origin. All the strains sur-
vived the in vitro gastrointestinal simulation conditions: the
stomach simulation (3 h, pH 2, 37 °C) and the intestinal
simulation (4 h, bile salts 0.5 %, 37 °C). All the strains
showed a strong hydrophilic character with n-hexadecane
and chloroform assays, and all the strains showed a mucin
adhesion rate similar to that of L. plantarum 299v. The
strains of L. mesenteroides subsp. mesenteroides exhibited
similar antimicrobial activity against some pathogens in
comparison with L. plantarum 299v. Some antibiotics in-
hibited the growth of the strains. L. mesenteroides subsp.
mesenteroides exhibited in vitro probiotic potential, and it
could be better characterized through future in vivo tests.
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Introduction

A high percent of the population has gastrointestinal dis-
orders as a consequence of a poor diet, unhealthy lifestyle,
and stress [1]. Probiotics are conceived as a strategy to
restore composition and function of gut microbiota, which
may contribute to decrease gastrointestinal disorders [2, 3].
The most important genera of probiotics commercialized to
date are Lactobacillus and Bifidobacterium [4]. Probiotics
may provide a relief from lactose intolerance and prevent
episodes of diarrheas of different etiologies [5]. Most
commercialized probiotic bacteria have been isolated from
dairy fermented products and human feces [6, 7]. However,
evidence for efficacy of existing probiotics in humans is
less strong than expected [8], which has encouraged the
selection of strains with improved functions from uncon-
ventional sources [9]. In 2001 and 2002, a group of experts
working under the umbrella of FAO (Food and Agriculture
Organization of the United Nations) and the WHO (World
Health Organization) defined probiotics as those microor-
ganisms that administered in adequate amounts confer a
health benefit to the host. This group of experts also
established the criteria for evaluation of probiotics used in
foods and food supplements [7, 10-12]. According to
which, probiotics should be safe and, therefore, not be
pathogenic or toxigenic or harbor antibiotic resistance ge-
nes that can be transferred. Additionally, it is also desirable
that probiotic strains are resistant to gastrointestinal con-
ditions (e.g., stomach acid pH, bile acids, etc.); adhere to
intestinal epithelial cells [13, 14], produce antimicrobial

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12602-015-9187-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12602-015-9187-5&amp;domain=pdf

108

Probiotics & Antimicro. Prot. (2015) 7:107-117

compounds and exclude pathogens by positively enhancing
immune functions [15-21]. Furthermore, effectiveness of
probiotic strains should be confirmed in human studies.
Considering the importance of probiotics in health, there is
great interest in studies on fermented food products as a
source of new probiotic isolates [22, 23]. Moreover, the
strains isolated from dairy products are candidates for in-
clusion in foods as probiotics because they are adapted to
the conditions [24]. In this study, the aim was to evaluate
the probiotic potential of four isolates of Leuconostoc
mesenteroides subsp. mesenteroides isolated from the
aguamiel of Agave salmiana, in order to select good can-
didates for further studies. Aguamiel is the sap obtained
from A. salmiana, A. mapisaga, A. atrovirens, A. amer-
icana, and A. ferox which is fermented to produce pulque, a
traditional alcoholic beverage from Mexico [25].

Materials and Methods

Four isolates of L. mesenteroides from the aguamiel of A.
salmiana were employed in the present research: SDI,
SD23, SF2, and SF3. In addition, one commercial strain of
probiotic from human origin was used as positive probiotic
control: Lactobacillus plantarum 299v was isolated from
Protransitus® (Laboratorios Salvat, Barcelona, Spain). All
strains were cultured at 30 °C for 24 h in lactobacilli MRS
broth (Dibico, Mexico City, México). Pathogenic strains of
Salmonella enterica subsp. enterica Serovar. Thyphimuri-
um ATCC 14028, Listeria monocytogenes ATCC 19115,
Escherichia coli ATCC 43895, Staphylococcus aureus
ATCC 25923, and S. aureus FRI 184 were used in the
antimicrobial activity assay. All pathogenic strains were
grown in Miieller-Hinton broth (Difco, Detroit, USA) at
37 °C under aerobic conditions. All the strains were pre-
served frozen at —20 °C with glycerol as a cryoprotectant
until used.

Bacterial Strains and Growth Conditions

The aguamiel of A. salmiana from Nopaltepec, México
was used for the isolation of L. mesenteroides. For isolation
of Leuconostoc, 10 mL of aguamiel was homogenized in
90 mL of sterile water; aliquots of serially diluted sus-
pensions were pour-plated De Man-Rogosa-Sharpe (MRS,
Difco Laboratories, MI, USA) isolated agar. Plates were
incubated at 30 °C for 48 h. After incubation, lenticular
colonies were picked up, and the isolates were purified
three times with repeated pour-plating with MRS agar.
Purity was checked by plating on corresponding agar me-
dia (MRS) and microscopic examination. Cultural charac-
teristics of colonies were observed directly on the plates.
For morphological characteristics, Gram staining was
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carried out by using a crystal violet/iodine solution (Hycel,
México) following the procedure as described by Murray
et al. [26].

Isolates Identification

The four isolates were cultivated in lactobacilli MRS broth.
The total genomic DNA for each isolated strain was ex-
tracted according to the Kit Promega Cat#A1125 wizard
Genomic DNA purification. The identities of the strains
were determined with the use of 16S rRNA PCR amplifi-
cation [27]. Each PCR was performed with the following
components: 5 pL Buffer 10x; 4 pL MgSQOy; 4 pL of each
dNTP; 0.5 pL of each primer: LeuR (TTTGTCTCCGAA
GAGAACA) and LeuF (CGAAAGGTGCTTGCACCT
TTCAAG) [28] 2.5 pL of genomic DNA; 0.5 pL. of KOD
(DNA polymerase from Thermococcus kodakarensis) [29]
and adjusted to 50 pL with distilled water. The PCR were
carried out in a DNAThermal Cycler (Labnet model:
TC020-24) using the following amplification conditions:
30 cycles of denaturation for 30 s at 94 °C, annealing for
30 s at 60 °C, and extension for 20 s at 70 °C; the cycles
were preceded by denaturation at 94 °C for 5 min and were
followed by extension at 70 °C for 5 min. The reaction
products were analyzed by electrophoresis through 1 % (w/
v) agarose in 0.5 x TAE (Tris-Acetate-EDTA buffer). PCR
products were purified using to the Kit WizardSV cell and
PCR clean-up system. After these PCR products were se-
quenced in Macrogen Inc. (Seoul, Korea), using the same
primers. Sequences from isolated bacteria were compared
with BLASTsearch v. 2.2.3 [30] (http://blast.ncbi.nlm.nih.
gov/Blast.cgi).

Survival under Conditions Simulating the Human
Gastrointestinal (GI) Tract

The strains were grown in MRS broth for 24 h, subse-
quently 2 x 10° CFU/mL of each strain were added to a
flask containing 50 mL of MRS broth adjusted to pH 2
with 6 N HCI and incubated at 37 °C for 3 h (stomach
conditions). The strains were also inoculated in MRS broth
supplemented with 0.5 % Oxgall (w/v) and incubated at
37 °C for 4 h (intestinal conditions). Both experiments
were performed in triplicate. The viability was calculated
as percent viability = [Log (CFUg,/mL)/Log (CFU a1/
mL)] x 100. The initial value corresponds to plate counts
of inoculated bacteria in fresh medium initially, and the
final value corresponds to the bacterial counts obtained
after incubation in simulated GI conditions [9].

Survival after the successive passages through gastric
juice and intestinal juice was determined according to
Vizoso et al, [31] with some modifications. A bacterial
suspension (10 %) was added to an artificial gastric fluid,
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consisting of 3 mg/mL pepsin (Sigma, St. Louis, MO,
USA) in sterile electrolyte solution at pH 2. After 1 h of
incubation at 37 °C, 1 mL aliquot was removed, serially
diluted in PBS (phosphate-buffered saline), and spread-
plated onto MRS agar. A 10 % of the bacterial suspension
of the gastric fluid was added to an artificial intestinal juice
to pH 6.5, 0.5 % bile salts (Oxgall), and 1.9 mg/mL pan-
creatin (Sigma, St. Louis, MO, USA). One milliliter ali-
quots were again removed after 30 min, 90 min, and 3 h,
serially diluted in PBS and spread-plated onto MRS agar to
determine the CFU/ml and the total survival could be
calculated.

Adherence to the Intestinal Mucosa

The adhesion of the strains to intestinal cells was evaluated
using the intestine of Wistar male rats of 3 months of age
as model, according to Brink et al. [32] with additional
slight modifications. The intestine was washed three times
in PBS buffer solution at 10 °C and then inoculated with
previously activated strains (1.5 x 10° CFU/mL) in MRS
broth. After incubation at 37 °C for 3 h, the tissue was
scraped to count the viable bacteria in MRS agar. The
adhesion was expressed as percent of bacteria adhered to
the tissue respect to total bacteria initially present in the
adhesion assay: % ad = [Log (CFU,gperea/mL)/Log
(CFUjpitia/mL)] x 100.

Scanning Electron Microscopy (SEM)

Preparations of the samples for SEM analysis were per-
formed according to the method of Panyarachum et al.
[33]: The strains were fixed in 2.5 % glutaraldehyde for at
least 2 h. They were washed three times with 0.1 M
sodium cacodylate buffer, pH 7.2, at 4 °C, and post-fixed
in 1 % osmium tetroxide in 0.1 M sodium cacodylate
buffer, pH 7.2, at 4 °C for 1 h. After washing in three
changes of distilled water, they were dehydrated through
increasing concentrations of ethanol, and dried in a Hitachi
HCP-2 critical point drying machine using liquid carbon
dioxide as a transitional medium. Thereafter, the samples
were mounted on aluminum stubs and coated with gold in
anion-sputtering apparatus, SPI-Model sputter coater for
15 min, and they were examined in a JEOL JSM-5800LV.

Hydrophobicity

Microbial adhesion to organic solvents was determined by
the MATH method (microbiological adhesion to hydro-
carbons) developed by Rosenberg et al. [34] and Doyle and
Rosenberg [35]. The strains were cultured at 30 °C for 24 h
in lactobacilli MRS broth, harvested by centrifugation

(13,000 rpm/5 min, 20 °C), and washed twice with PBS
buffer pH 7.4. Three ml of bacterial suspension (OD
560 nm = 0.23 4+ 0.07) was put in contact with 0.75 mL
of n-hexadecane (a nonpolar organic solvent) or chloro-
form (an acidic polar organic solvent). The mixture was
gently mixed in a vortex for 2 min. Tubes were allowed to
stand for 1 h in a water bath at 37 °C, and the absorbance
at 560 nm of the aqueous phase was measured. The hy-
drophobicity to each solvent was calculated as
H % = [(A; — Ap/A;] x 100, where A; is the initial optical
density (without the solvent) and Ay is the optical density of
the aqueous phase at the end of the experiment. Hy-
drophobicity was measured at least in triplicate during
three different days.

Adhesion to Mucin Assay

Adhesion of the strains to mucin was determined according
to Melgar-Lalanne et al. [22] with additional slight
modifications. Crude porcine gastric type II mucin (Sigma-
Aldrich) was dissolved in PBS at pH 7.2 to a final con-
centration of 10 mg/mL, and 300 pL were placed in
96-well polystyrene plates and immobilized by overnight
incubation at 4 °C. The wells were washed twice with
150 pL. of PBS and saturated with 2.0 % (w/v) bovine
serum albumin (BSA) solution for 4 h at 4 °C. Finally, the
wells were washed twice with 150 pL of PBS. The strains
were grown for 16 h at 30 °C in MRS broth. Bacterial
suspensions were centrifuged (6000 rpm, 15 min, 20 °C),
washed twice with PBS, and the concentration of each
strain was approximately 2 x 10® CFU/mL. 150 pL of the
bacterial suspension was added to each well and incubated
for 1 h at 37 °C. The wells were washed with 150 pL of
PBS and taken under agitation (50 rpm, 5 min). This pro-
cedure was repeated three times to remove all the unbound
bacteria. The wells were then treated with 100 pL of a
0.05 % (v/v) solution of Triton X-100 solution to release
the bound bacteria. Plates were then incubated 40 min at
room temperature at 100 rpm. An aliquot of 100 puL of the
content of each well was removed, diluted in PBS, and
plated on MRS agar (after and before the adhesion to
mucin). Previous studies had shown that 0.05 % Triton
X-100 does not affect cell viability [36].

Antimicrobial Activity

To evaluate the inhibitory activity of all strains, these were
incubated in MRS broth at 30 °C for 24 h. After incuba-
tion, supernatants were prepared by centrifugation
(6000 rpm, 20 min, 20 °C) and sterilized by syringe fil-
tering (0.42 um). To neutralize the inhibitory effect of
lactic acid, the supernatants were adjusted to pH 6.5 with

@ Springer



110

Probiotics & Antimicro. Prot. (2015) 7:107-117

NaOH 1 N and catalase (1 mg/mL) was added to exclude
the inhibition due to hydrogen peroxide production. The
compounds were tested using the diffusion agar assay.
Pathogenic bacteria were grown in Miieller-Hinton broth
overnight at 37 °C (1.2 x 10® CFU/mL), and they were
extended in Miieller-Hinton, and 0.85 cm diameter wells
were punched into the surface of each plate. Subsequently,
25 pLL of each supernatant was added to each well and
incubated at 37 °C for 24 h. Antimicrobial activity was
evaluated by measuring the formation of inhibition zones
around the wells. The experiments were performed in
triplicate [37].

The proteinaceous nature of the antimicrobial agents
produced by the strains tested in this research was shown
by treating separately their supernatants (pH 6.5) with three
proteolytic enzymes [22]: protease type VIII from Bacillus
licheniformis (Sigma, Novozyme Corp, Denmark) (1 pL/
mL), trypsin type III from bovine pancreas (Sigma, St.
Louis, MO, USA)(1 mg/mL), and pronase E from Strep-
tomyces griseous (Sigma, St Louis, MO, USA) (1 mg/mL).
The enzymes were dissolved in 0.1 M potassium phosphate
buffer (pH 8.0) before being added to the supernatants.
Each mixture of the supernatants plus the proteolytic en-
zyme was incubated for 2 h at 37 °C for the hydrolysis to
take place. The enzymatic reaction was stopped by heating
at 90 °C for 10 min in a water bath. After that, the residual
antimicrobial activity of the supernatants with the hy-
drolyzed proteinaceous compounds was tested using the
well-diffusion agar assay as described above.

Antibiotic Resistance

To evaluate the resistance to antibiotics, each bacteria was
incubated in MRS broth at 30 °C for 24 h, and 100 pL of
the microbial suspensions of each bacteria (10° CFU/mL)
was inoculated into MRS agar at 30 °C and Antibiotic
discs (multiplate Bio-RAD, Gram positive) were placed on
the surface of the agar [38]. Diameters of the inhibition
zones were measured. Both experiments were performed in
triplicate, and the results were expressed as sensitive (S) or
resistant (R) depending on the presence or absence of in-
hibition halos, respectively.

Hemolytic Activity

Fresh bacterial cultures were streaked in triplicate on
Columbia agar plates, containing 5 % (w/v) human blood,
and incubated for 48 h at 30 °C. Blood agar plates were
examined for signs of PB-hemolysis (clear zones around
colonies), a-hemolysis (green-hued zones around colonies)
or y-hemolysis (no zones around colonies) [9].
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Statistical Analysis

The survival rate in stomach and intestine was calculated as
the logarithmic difference between final and initial colony
counts as follows: percent viability = [Log (CFUg,,/mL)/
Log (CFUjpiga/mL)] x 100. Arithmetic mean and standard
derivation were calculated both in adhesion (%) and hy-
drophobicity (%) tests. All statistical analyses were per-
formed with the MS Excel software.

Results
PCR Amplification of 16S rRNA Sequence

The bands of the PCR amplification can be observed in
Fig. 1, the length of PCR products was approximately of
1000 bp (Fig. 1). The strain of highest similarity was L.
mesenteroides subsp. mesenteroides (KJ026680.1 in Gen-
Bank). Based on 16S rRNA sequences analysis, the isolates
were identified as strains of the lactic acid bacteria, L.
mesenteroides subsp. mesenteroides.

Survival under Conditions Simulating the Human GI
Tract

Table 1 shows the viability expressed as the percent via-
bility = [Log (CFUg,/mL)/Log (CFUjy./mL)] x 100,
indicating that under conditions of pH 2, the four strains of

Fig. 1 Agarose gel electrophorsis of PCR products of 16S rRNA
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Table 1 Survival of all strains (L. mesenteroides SD1, L. mesen-
teroides SD23, L. mesenteroides SF2, L. mesenteroides SF3, L.
plantarum 299v LP) expressed as the percent viability during their
passage through the stomach and intestine

Bacterial strain pH2 (3 h) bile salts 0.5 % (4 h)
LP 77.37 £ 0.87° 98.63 =+ 2.38°
SD1 40.90 + 1.14* 88.15 + 2.45¢
SD23 46.51 & 2.43° 89.36 + 1.95¢
SF2 49.19 + 2.72° 89.36 + 2.18¢
SF3 41.62 + 0.26* 89.25 + 2.21¢

Each value is expressed as the mean + SD of three independent
experiments (n = 3). Significant differences were established at
P < 0.05 by applying ANOVA and post hoc Duncan test. Means in
the same columns with different letters were significantly different
from pH (a—c) and from bile salts (e—d)

L. mesenteroides suffered a decrease in their percent via-
bility. L. plantarum had slight changes in their numbers.
The strain SD1 was the most sensitive, but all strains could
survive the acidic conditions after an incubation period of
3 h. Significant differences in survival between L. plan-
tarum 299v and the strains of L. mesenteroides were ob-
served under acidic conditions. Under in vitro intestinal
simulation conditions (0.5 % w/v of bile salts), all the
strains tested could survive after the physiological time
(4 h). L. plantarum 299v kept its number almost constant,
while the most sensitive strain was SD1, which presented
the lowest percent of viability. All the strains of L. me-
senteroides could survive to the conditions of the GI tract
compared with the control strain from human origin. Under
the effect of the successive passages through gastric and
intestinal juices, all the strains tested could survive after the
physiological time of 90 min, but they could not survive
after 3 h. SD23 had the highest survival with 27.43 % after
30 min and 16.75 % after 90 min. The strains SD1, SF3,
and SF2 showed percentages of survival ranking between
23.35 and 25.87 % after 30 min and ranking between 11.68
and 13.49 % after 90 min.

Adherence to the Intestinal Mucosa
The percent of adherence to the intestinal mucosa values of

all strains is shown in Table 2. The strains of L. mesen-
teroides presented higher adhesion values than the control

strain L. plantarum 299v, after 3 h at 37 °C. SEM analyses
revealed that the adherence to the intestinal mucosa was
presented in all the strains (see Fig. 2).

Hydrophobicity

All strains of L. mesenteroides presented higher hy-
drophobicity values than the control strain (see Table 3),
measured using the interaction with chloroform and n-
hexadecane to simulate the ability to adhere to the in-
testinal epithelium [35]. Microbial adhesion to the nonpolar
solvent (n-hexadecane) ranking between 13.06 and
85.19 % indicating a hydrophilic surface. The percentage
of hydrophobicity to chloroform was between 25.39 and
84.14 %.

Adhesion to Mucin Assay

Adhesion to mucin of all strains of L. mesenteroides was
compared to that of L. plantarum 299v (see Table 4). The
strain L. mesenteroides SD23 presented the highest adhe-
sion value (95.78 %) of all the strains, and the L. mesen-
teroides SF3 strain from aguamiel of A. salmiana had an
adhesion value similar to that of L. plantarum 299v.

Antimicrobial Activity

The supernatant of the isolated showed inhibition to three
enteropathogenic strains: E. coli ATCC43895 (EC), S.
enterica ATCC 14028 (ST), and L. monocytogenes ATCC
19115 (LM) as well as two enterotoxigenic strains: S. au-
reus [ATCC 25923 (SA) and FRI 184 (SAI)]. These inhi-
bition zones were similar to values previously reported
[39], high inhibition zones between 11 and 13 mm were
only found with the supernatant from L. mesenteroides
SD23, SD1, and SF2 that inhibited L. monocytogenes. Low
inhibition zones (7 mm) were found with the supernatant
from L. plantarum 299v that inhibited S. enterica and
E. coli, the supernatant from L. mesenteroides SD23 that
inhibited S. enterica and S. aureus FRI 184, the supernatant
from L. mesenteroides SD1 that inhibited S. aureus FRI
184, and the supernatant from L. mesenteroides SF2 that
inhibited S .aureus FRI 184. The rest of the supernatants
showed medium levels of inhibition against the five

Table 2 Adhesion of all strains of L. mesenteroides and L. plantarum 299v in intestinal mucosa

LP SD1

SD23 SF3 SF2

% Ad 75.55 £+ 0.05* 81.42 £ 0.52°

81.43 + 0.22° 79.01 + 0.10° 82.91 + 0.37¢

Each value is expressed as the mean £ SD of three independent experiments (n = 3). Significant differences were established at P < 0.05 by
applying ANOVA and post hoc Duncan test. Means with different letters were significantly different
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Fig. 2 Images of scanning .
electron microscopy (SEM), L. Strain
mesenteroides SD1, SD23, SF2,
SF3 and L. plantarum (LP)
LP
SD1
SD23
SF2
SF3

pathogens tested (see Table 5). A complete inactivation or
at least a significant reduction in the antimicrobial activity
of the agents produced by the supernatants of the strains
tested against the pathogenic strains was observed after
treatment of the supernatants with protease type VIII,
trypsin, and pronase E indicating the possible production of
bacteriocins by the Leuconostoc strains.
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Antibiotic Resistance

The isolates were sensitive to common antibiotic used in
clinical applications, however, presented resistance against
dicloxacillin, pefloxacin, trimethoprim, and ceftazidime
(see Table 6). The observations indicated that the isolates
showed low probability of antibiotic resistance. Moreover,
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Table 3 Hydrophobicity (%) to n-hexadecane and chloroform measured as ODsggnm

LP SD1 SD23 SF2 SF3
Chloroform 25.39 £ 2.17* 5223 +3.72° 63.38 £ 2.17° 84.14 + 0.47¢ 83.06 + 6.84¢
n-hexadecane 13.06 + 3.20° 69.95 + 6.92" 53.43 £ 6.06° 39.44 + 8.62° 85.19 + 8.83!

Each value is expressed as the mean £ SD of three independent experiments (n = 3). Significant differences were established at P < 0.05 by
applying ANOVA and post hoc Duncan test. Means in the same rows with different letters were significantly different from chloroform (a—d) and

from n-hexadecane (e—i)

Table 4 Mucin adhesion of all strains

SD1 SD23

SF2 SF3 LP

% Ad 93.10 £ 0.25" 95.78 + 0.55°

92.85 £+ 0.72* 91.62 £ 0.40" 91.91 £ 1.53*

Each value is expressed as the mean £ SD of three independent experiments (n = 3). Significant differences were established at P < 0.05 by
applying ANOVA and post hoc Duncan test. Means with different letters were significantly different

Table 5 Inhibition zones (mm) in the agar diffusion assay of the cell-free supernatants of L. mesenteroides and L. plantarum 299v

Strain LP SD23 SD1 SF3 SF2
LM 10.00 £ 0.00*° 11.33 & 1.15° 13.00 £ 0.00¢ 9.00 + 0.00° 11.00 £ 1.00°°
ST 7.00 £ 0.00° 7.00 £ 0.00° 9.00 & 1.00° 8.00 £ 2.65° 8.00 + 0.00°
SAI 7.33 + 0.58" 7.00 + 0.00 7.00 + 0.00° 8.33 &+ 1.53f 7.00 + 1.00
SA 7.33 +0.58 8 9.00 + 0.00' 9.00 + 0.00° 9.33 + 0.58 8.00 & 0.00"
EC 7.00 + 0.00/ 8.00 & 0.00% 8.00 &+ 0.00* 7.33 + 0.58" 7.33 + 0.58"%

Each value is expressed as the mean £ SD of three independent experiments (n = 3). Significant differences were established at P < 0.05 by
applying ANOVA and post hoc Duncan test. Means in the same rows with different letters were significantly different from LM (a—d), ST (e),

SAI (f), SA (g-i) and from EC (j-k)

the strain L. plantarum 299v was resistant to nine out of
twelve antibiotics.

Hemolytic Activity

None of the examined strains exhibited B-Hemolytic ac-
tivity when grown in Columbia human blood agar. All the

Table 6 Antibiotic susceptibility in MRS agar for the isolates

SD23 SF2 SF3

-
jav]

Antibiotic SD1

Dicloxacillin (1 pg)
Erythromycin (15 pg)
Gentamicin (10 pg)
Pefloxacin (5 pg)
Tetracyline (30 pg)
Trimethoprim (25 pg)
Ampicillin (10 pg)
Penicillin (6.25 pg)
Cephalothin (30 pg)
Cefotaxime (30 pg)
Ceftazidime (30 pg)
Cefuroxime (30 pg)

N R R N RN 7N R 7R R N
"L n
™™™ n "
N IR N R R R I 7R B R /R
AR IR LRI NI

S sensitive, R resistant

strains were y-Hemolytic (no hemolysis). Similar obser-
vations were made for strains isolated from dairy products
which showed y-hemolysis except of few that showed
a-hemolysis [40].

Discussion
In Vitro Gastrointestinal Simulation

This study showed that all strains of L. mesenteroides
subsp. mesenteroides SD1, SD23, SF2 and SF3 can survive
against the stress conditions assayed in this study. A
potential probiotic should have some properties, including
the ability to tolerate and survive the acidic environment of
the stomach and the bile salts in the small intestine. Pre-
vious studies reported that L. mesenteroides subsp.
mesenteroides isolated from different sources survived
better under neutral conditions present in the small
intestine [23, 41]. Other studies also indicated that LAB
were able to grow up and survive at low pH levels [42, 43],
but it is important to point out that the in vitro trials
involving pH, and bile salts cannot predict all the patterns
of behavior in the human body, due to the existence of
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other factors that affect the survival of microorganisms in
the upper gastrointestinal tract such as the presence of
different enzymes and the peristaltic movements [11, 36,
44]. Bile salts play an important role in the defense
mechanisms of the gut; its inhibitory effects depend on the
concentrations of this [45], the physiological concentra-
tions of human bile range from 0.3 to 0.5 % [13, 46]. In
this study, all strains of L. mesenteroides subsp. mesen-
teroides and L. plantarum 299v survived in the presence of
0.5 % bile salts. According to Argyri et al. [9], Vizoso
et al. [31], LAB isolated from fermented olives and tradi-
tional African fermented milk products could survive the
stress conditions found in the gastrointestinal tract. The
values reported by Argyri et al. [9] and Vizoso et al. [31]
were similar to the values obtained in this study. This
positive behavior can increase the possibility of these mi-
croorganisms to colonize and grow in gut condition.

In Vitro Adhesion Abilities

The ability to adhere to the intestinal mucosa is a criterion
important for probiotic strains. The colonization of the in-
testine by probiotic strains may increase the beneficial bio-
logical responses to the host [47, 48]. The process of mucosal
cell adhesion is complex and may involve Van der Waals and
electrostatic forces between the bacterial cell and the mu-
cosal surface, explained by the DLVO theory (Derjaguin,
Landau, Verwey, and Overbeek) [49]. Investigation of the
specific bacterial molecules involved in adhesion comparing
the proteome of high and low adherent strains of L. plan-
tarum also led to the identification of possible proteins in-
volved [50]. We found that the four strains of L.
mesenteroides satisfied the most important criteria for the
selection of probiotics, the ability to adhere to the intestinal
mucosa (Tables 2, 3,4). Different methods have been used to
evaluate probiotics adhesion as adhesion to intestinal mucus,
and the adhesion ability to human colon carcinoma cells
(Caco-2) [9]. However, the intestinal mucus tissue models
allow for the testing of host-specific factors such as health
status or age in adhesion studies, providing further infor-
mation and is probably the most realistic option to test the
adhesion because the normal microbiota present in the in-
testine mucosa is taken into account in the assay [51-53].
The hydrophobicity might be the first contact between the
microorganisms and the host cells [23, 54]. The results
obtained in the hydrophobicity to the nonpolar solvent
(n-hexadecane) for the strains of L. mesenteroides subsp.
mesenteroides SD1, and SF3 were higher than some other
strains reported in the literature [55, 56]: LAB isolated from
fermented vegetables, sourdough, milk products, and sheep
and human excreta (23.0-73.0 %), Pediococcus pen-
tosaceus CFRR38 and CFRR35, and Lactobacillus rham-
nosus GG ATCC 53510 (44.8-59.0 %), and Leuconostoc
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paramesenteroides isolated from cheddar cheese (46.11 %)
[54]. Hydrophobicity may depend on different compounds
commonly used (n-hexadecane, xylene, chloroform and
toluene), and on the strains evaluated that can lead to dif-
ferent results. It is known that the ability to adhere to mucus is
a requirement of a probiotic microorganism. The mucus
layer is a viscous material that coats the intestinal tract and
consists mainly of glycosylated proteins (mucins) and gly-
colipids as well as antibodies, ions, dietary products, and
water [57], recently some researches indicate that a mucin
adhesion method could be used to simulate adhesion [58]. In
our study, the strains of L. mesenteroides SD1, SD23, and
SF2 presented the highest adhesion values to mucin (see
Table 4) and the strain L. mesenteroides SF3 had an adhesion
value similar to that of the probiotic strain from human origin
L. plantarum 299v.

Antimicrobial Activity

The most important property by which probiotic bacteria
exert their protective and beneficial physiological effects is
through antagonistic activity against pathogenic bacteria
[59]. This antimicrobial effect can be mediated by the
ability of the strains to lower the pH of the medium by
fermentation and generation of organic acids [60] (espe-
cially lactic and acetic acids), which have bactericidal or
bacteriostatic effects. The ability to produce various an-
timicrobial compounds can be one of the main character-
istics for effective competitive exclusion of pathogen
survival in the gut and the development of a probiotic ef-
fect [61]. The acidic conditions in the stomach can even
improve the antimicrobial activity of these compounds
[62]. Furthermore, these probiotic characteristics may be
due in part to the production of relevant concentrations of
lactic acid that in combination with a detergent such as bile
salts inhibits the growth of gram-negative pathogens [63].
In this study, neutralized supernatant from all strains ex-
hibited strong inhibitory activity; this activity may be due
to the production of antimicrobial substances such as
bacteriocins or bacterion-like substances. The proteina-
ceous nature of the antimicrobial agents produced by the
strains tested in this research was verified by treatment with
three proteolytic enzymes: protease type VIII, trypsin, and
pronase E that are able to break peptide bonds at different
amino acid residue positions [64], this caused the loss of
activity in the supernatants peptides of the strains tested.

Antibiotic Resistance

In this study, different groups of antibiotics were used: cell
wall inhibitors (Penicillin, Dicloxacillin and Ampicillin);
inhibitors of protein synthesis (tetracycline, gentamicin,
erythromycin, Cephalothin, Cefotaxime, Ceftazidime,
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Cefuroxime) and inhibitors of DNA and RNA synthesis
(Pefloxacin and Trimethoprim) [39]. The frequent con-
sumption of these types of antibiotics may cause imbalance
in the intestinal sensitive microbiota. The antibiotic resis-
tance in probiotics usually does not constitute a safety issue
when mutations or intrinsic resistance mechanisms are
accountable for the resistance phenotype and so the mi-
crobial balance can be preserved [65]. A single bacterial
strain may possess several types of resistance mechanisms:
intrinsic or innate, acquired and mutational [66]. Generally,
the bacteria are capable of developing transmissible
mechanisms of antimicrobial resistance, including the
production of bacterial enzymes that inactive the antibi-
otics [67, 68]. In the case of gram-positive bacteria, they
may produce B-lactamase [69]. The strains isolated of A.
salmiana were resistant to dicloxacillin, pefloxacin,
trimethoprim, and ceftazidime and could be useful for
restoring gut microbiota in patients who are under these
antibiotics treatment.

Hemolytic Activity

Absence of hemolytic activity is considered as a safety
prerequisite for the selection of a probiotic strain [10].
None of the examined strains exhibited B-hemolytic ac-
tivity when grown in Columbia human blood agar. Similar
observations were made for all the strains of L. paracasei
subsp. paracasei, Lactobacillus spp. and L. casei isolated
from dairy products which showed y-hemolysis except of
few that showed a-hemolysis [40].

Conclusion

The four strains isolated from aguamiel of A. salmiana,
identified as L. mesenteroides subsp. mesenteroides pre-
sented interesting probiotic characteristics, especially
greater pH and bile tolerance, in vitro adhesion to intestinal
mucus, and suppressed pathogen growth under in vitro
conditions, which were found in vitro to possess desirable
probiotic properties similar or superior to the reference
probiotic strain L. plantarum 299v. These strains are good
candidates for further investigation with in vivo studies to
elucidate their potential health benefits.
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