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ABSTRACT ARTICLE HISTORY
Fifteen strains of lactic acid bacteria isolated from artisanal Cocido Received 8 March 2018
Mexican cheese were evaluated for their probiotic potential and Accepted 29 May 2018
capacity to modulate the immune system. The results revealed
that the strains J20, J23, J24, J25, J27, J28, J32 and J37 Lactic aci -

X ’ L X actic acid bacteria; artisanal

presented the highest potential probiotic. Some strains showed Mexican cheese; fermented
resistance to antibiotics; however, they did not exhibit milk; immunomodulatory
haemolytic activity or mucin degradation. The auto-aggregation capacity
capacity ranged from 9.54% to 47.80%, and the hydrophobicity
was 21.1%, 63.4% and 78.8% for J27, J24 and J37, respectively.
The strains showed high survival capacity (>80%) under
different storage conditions and the B-galactosidase activity was
241.77-249.25 MU. Furthermore, the administration of fermented
milk by specific strains of Lactobacillus enhanced IL-10 levels
and upregulated IL-6 and IgA levels in serum samples of rats.
Therefore, the evaluated strains may modulate the immune
system and may be good candidates for their inclusion in the
manufacture of probiotic-fermented milk.

KEYWORDS

Introduction

It has been widely reported that the different microbial groups present in Mexican cheese
have an important role in the development of characteristics such as flavour, ripening
time, texture and rheological properties (Gonzalez-Coérdova, Yescas, & Ortiz-Estrada,
2016; Guerra-Martinez, Montejano, & Martin del Campo, 2012; Tunick, van Hekken,
Call, Molina-Corral, & Gardea, 2007; Van Hekken, Drake, Corral, Guerrero-Prieto, &
Gardea, 2006). For example, in Mexican Fresco cheese, Lactobacillus casei, Lactococcus
lactis and Enterococcus faecium were reported as the dominant microbial groups (Saxer,
Schwenninger, & Lacroix, 2013; Torres-Llanez et al., 2006). Meanwhile, in artisanal
Cocido cheese, the microbiota varied, lactic acid bacteria (LAB) such as Lactobacillus
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spp.» Lactococcus spp. and Streptococcus spp. being the predominant microbial groups
(Cuevas-Gonzalez et al., 2017). Lactobacillus spp. specifically have demonstrated the
potential effect on the health to produce bacteriocins (Heredia-Castro et al., 2015).

In this sense, over the past decade, increasing interest has been placed on artisanal
cheeses as sources of LAB with probiotic potential. According to the International Scien-
tific Association for Probiotics and Prebiotics (ISAPP), probiotics are live microorganisms
that, when administered in adequate amounts, confer health benefits to a host (Hill et al.,
2014). In this sense, expert panels have specifically linked probiotic microorganisms to
health claims. However, it is important to examine the potential of specific probiotic
strains to determine their viability, efficacious doses and shelf-lives (Bartazzoni, Donelli,
Midtvedt, Nicoli, & Sanz, 2013).

The positive effects of probiotic consumption have been mainly associated with Lac-
tobacillus and bifidobacterial strains. Specifically, the probiotic effects found have been
the following: decreasing the risk of gastrointestinal diseases and diabetes, exhibiting
antimicrobial and anticarcinogenic activity, decreasing serum cholesterol levels and
modulating the immune system response (Chiang, Liu, Tseng, Mau, & Pan, 2012; de
Vrese & Schrezenmeir, 2008; Karska-Wysocki, Bazo, & Smoragiewicz, 2010; Kumar
et al, 2012; ). In this sense, probiotics may stimulate an innate or adaptive immune
response. These effects can be exerted by bacteria including cell wall components or
by biomolecules released during fermentation processes such as peptides and exopoly-
saccharides (Amrouche, Butin, & Fliss, 2006; de Moreno de LeBlanc, Matar, Thériault,
& Perdigén, 2005; Matar, Valdez, Medina, Rachid, & Perdigon, 2001; Medici, Vinder-
ola, Weill, & Perdigén, 2005).

In this context, dairy products may be good carriers for probiotics, especially fer-
mented milks that maintain concentrations of live cells during storage. From a tech-
nological perspective, fermented milks represent a good probiotic product alternative
for the dairy industry (Boza-Mendez, Lopez-Calvo, & Cortes-Mufioz, 2012). Specifi-
cally, fermented milk with probiotics may induce the mucosal response, and up- or
down-regulate the production of cytokines, and proliferation of CD4+, CD8+ and
IgA+ cells (de Moreno de LeBlanc et al, 2005, 2008; de Moreno de LeBlanc,
Valdez, & Perdigon, 2004; Galdeano, de Moreno de LeBlanc, Carmuega, Weill, &
Perdigon, 2009; Matar et al, 2001; Vinderola, Perdigén, Duarte, Farnworth, &
Matar, 2006).

Based on the existing research, the effects of probiotics appear to be strain dependent.
Therefore, the aim of the present study was to evaluate the physiological, technological and
functional properties of different Lactobacillus strains isolated from artisanal Cocido
cheese.

Materials and methods
Bacterial strains and culture propagation

Fifteen Lactobacillus strains isolated from Mexican Cocido artisanal cheese (Heredia-
Castro et al., 2015) (Table 1) were cultured in MRS broth (De Man, Rogosa and
Sharpe, Difco). The strains were cultured with 1% inoculum incubated for 18 h, at 37°C
in anaerobic jars (Difco, BBL® Gaspak® anaerobic system).
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Table 1. Lactobacillus strains isolated from artisanal Cocido cheese for
subsequent in vitro and in vivo evaluations of probiotic potential.

Isolation source Identified bacteria Code
Milk Lactobacillus fermentum J10
Lactobacillus fermentum J20
Lactobacillus fermentum )23
Lactobacillus pentosus 124
Lactobacillus pentosus J26
Whey Lactobacillus plantarum J25
Lactobacillus pentosus J27
Lactobacillus fermentum 128
Curd Lactobacillus pentosus J31
Lactobacillus fermentum J32
Lactobacillus pentosus J34
Cheese Lactobacillus pentosus 137
Lactobacillus fermentum 138

Physiological evaluation

Survival under pH and enzyme conditions

The resistance of Lactobacillus strains under distinct pH and enzyme conditions was
determined following the methodology described by Maragkoudakis et al. (2006).
Briefly, bacterial cells from 18 h were harvested by centrifugation (3600xg, 10 min, 4°
C), washed twice with PBS buffer (pH 7.2, 0.2 M) and resuspended in PBS pH 3.0 and
incubated for 3 h.

The enzymes lysozyme, pepsin and pancreatin (Sigma-Aldrich) were dissolved in PBS
and sterilized by filtration (0.22 um, Millipore Corporation). Cultures of 18 h in MRS
broth were harvested by centrifugation (3600xg, 10 min, 4°C). The pellets were washed
twice with PBS, and then resuspended in PBS with lysozyme (pH 6.5, 0.2 mg/mL), PBS
with pepsin (pH 2.0, 0.3 mg/mL) or PBS with pancreatin (pH 8.0, 1 mg/mL) and then
incubated for 1, 3 and 5 h, respectively. Resistance was evaluated in terms of percentage
following the expression: (%) = (N/Ny) x 100, where N, represents the initial amount of
bacteria and N is the amount of bacteria after incubation.

Bile salt tolerance assay

The ability of the strains to grow in the presence of bile salt was determined according to
the method of Thirabunyanon, Boonprasom, and Niamsup (2009) with some modifi-
cations. One millilitre of strain cultured for 18 h in MRS broth was transferred to 9 mL
of MRS broth with 0.3% (w/v) bile salts (Sigma-Aldrich) and incubated at 37°C for 5 h.
After this incubation, one millilitre was placed in warmed MRS agar, pour plated and
then incubated for 48 h at 37°C, under anaerobic conditions to determine viable cells.
Resistance was evaluated in terms of percentage (%) = (IN/Ny)x100.

Auto-aggregation and hydrophobicity assay

Auto-aggregation assays were performed and evaluated following the methodology
described by Collado, Meriluoto, and Salminen (2008). The cultures were centrifuged
(3600xg, 10 min, 4°C), washed twice with PBS (pH 7.2, 0.2 M) and suspended in PBS.
The samples were incubated at 37°C for 5 h. Finally, 0.2 mL of the upper suspension
was carefully removed at 0, 2 and 5h, and ODgpo,m Was measured (SpectraMax M
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Series Multi-Mode Microplate Readers, Molecular Devices, CA, USA). The auto-aggrega-
tion was expressed as 1 — (ODggonm upper culture/ODgponm total) x 100.

Hydrophobicity assays were also performed. Cell suspensions were harvested by cen-
trifugation (3600xg, 10 min, 4°C), washed twice with PBS and finally the pellet was
resuspended in 4 mL of PBS. Then, 0.8 mL of p-xylene (Fluka, Sigma-Aldrich) was
added to the cell suspension and thoroughly mixed for 2 min. The aqueous phase
was removed after 20 min of incubation at 37°C, and the absorbance at ODgpg nm
was measured. The decrease in absorbance of the aqueous phase was taken as a
measure of cell surface hydrophobicity and was calculated as [(Ao— A)/Ao] x 100,
where Ay and A denote absorbance before and after the addition of xylene, respectively
(Collado et al., 2008).

Mucin degradation
Mucin degradation assays were performed using liquid medium and degradation assay in
a Petri dish, according to previous reports with modifications. The composition of the
basal medium was prepared using the methodology previously reported by Abe et al.
(2010), Fernandez, Boris, and Barbes (2005) and Zhou, Gopal, and Gill (2001) with
some modifications.

The basal medium was modified by adding 0.5% (w/v) of porcine gastric mucin (HGM
type III, Sigma-Aldrich). Briefly, 100 uL of fresh cultures (12 h) was transferred to basal
media broth (10 mL) and incubated at 37°C for 24 h. Escherichia coli ATCC 25922 was
used as a positive control and the results are reported as ODggonm.

Haemolytic activity

Haemolytic activity was tested on Columbia agar (BD Difco) plates added with
human blood (5% v/v). At 18 h, cultures were streaked on agar plates and incubated
at 37°C for 48 h under anaerobic conditions. The characteristics of haemolysis were
evaluated on blood agar plates by examining the B-, a- and y-haemolysis zones.
Staphylococcus aureus ATCC 29213b was used as a positive control (Thirabunyanon
et al., 2009).

Antibiotic susceptibility testing

Antibiotic testing was performed according to the manufacturer’s instructions (Multidisc
Gram positives II, BIO-RAD). The utilized antibiotics were ampicillin (AM, 10 pg), gen-
tamicin (GE, 10 pg), cephalothin (CF, 30 ug), cefotaxime (CTX, 30 ug), cefepime (FEP,
30 pg), cefuroxime (CL, 30 pg), dicloxacillin (DC, 1 pg), erythromycin (E, 15 pg), levoflox-
acin (LEV, 5 pg), penicillin (PE, 10 U), tetracycline (TE, 30 ug) and trimethoprim-sulfa-
methoxazole (SXT, 25 ug).

The cultures were inoculated in Mueller-Hinton broth (BD Difco) and incubated
at 37°C for 3 h. Afterwards, the suspensions were applied to the surface of Mueller-
Hinton agar plates using sterile swabs. Antibiotic strips were placed on the surface of
each plate, and plates were subsequently incubated at 37°C for 24 h. The inhibition
halos were measured and considered to demonstrate either resistance or susceptibility.
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Technological evaluation

B-Galactosidase activity

B-Galactosidase activity was determined according to the method of Miller (1972) with
slight modifications proposed by Vinderola and Reinheimer (2003). Briefly, cultures
were harvested by centrifugation, washed twice with PBS and inoculated in MRS broth
modified with lactose as carbon source. Cultures were incubated at 37°C for 24 h.
Finally, the cells were harvested by centrifugation and washed with PBS, and adjusted
to ODggonm 1.0 with the same buffer. One millilitre of cells suspension was permeabilized
with 50 pL of toluene/acetone (1:9 v/v) solution, vortexed for 7 min. Posteriorly, 100 uL of
permeabilized cell suspension was mixed with 900 pL of PBS and 200 pL of o-nitrophenyl-
B-D-galactopyranoside (4 mg/mL, ONPG, Sigma-Aldrich). The samples were incubated at
37°C for 15 min, and finally, 0.5 mL of Na,CO; (1M) was added to stop the reaction. The
samples were evaluated at both 420 and 600 nm and the -galactosidase activity was cal-
culated in MU as follows: 1000 X [((A420 — 1.75) + A200)/(15 min + 1 mL + Algyo)], where
Algoo was the absorbance just before assay and A2 was the value of the reaction mixture.

Preparation of fermented milk

Fermented milk was prepared from skim milk (10% w/v) (Organic Valley USDA Organic
Grade A) that was sterilized (110°C, 10 min). The milk was inoculated at 1% (10” CFU/
mL) and incubated for 12 h; afterwards, an aliquot of 3% was added to 20 mL of milk.

Survival of probiotics in milk under cold, lyophilizing and freezing conditions

Fresh cultures of 18 h of growth were centrifuged (3600xg, 10 min, 4°C), washed twice
with PBS, suspended in 10 mL of sterile milk (10% w/v) and then stored at 4°C or —20°
C; other samples (10 mL) were lyophilized. The percentage of survival was evaluated
after 15 and 30 days of storage. Cell concentrations were evaluated on MRS agar plates
incubated at 37°C for 48 h under anaerobic conditions (Zacarias, Binetti, Laco, Reinhei-
mer, & Vinderola, 2011).

Survival of probiotics in milk at pasteurization temperatures

Heat resistance was evaluated under conditions of pasteurization (63°C, 30 min and 75°C,
1 min). Strains were cultivated in 10 mL of MRS broth, harvested by centrifugation
(3600xg, 10 min, 4°C) and washed twice with PBS. Pellets were resuspended in 10 mL
of skim milk. Initial cell concentrations were determined before heat treatments on
MRS agar plates incubated at 37°C for 48 h under anaerobic conditions. Additionally,
the heating time required to generate a 1 log reduction on viable cells counts (Dt) at
specific temperatures was calculated as follows: Dt = [t/(LogioNbefore — LOg10Nafter) ]>
where ¢ is the time (min) of pasteurization and N is the amount of bacteria before and
after treatment.

Immunomodulatory effect

Animal studies and administration of fermented milk
The J20, J23, J24 and J28 strains with high proteolytic activity and the J24, J27
and J28 strains with high adhesion capacity in vitro were selected for the preparation
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of fermented milk. For this, sterile milk was inoculated (3%) and incubated for 48 h
at 37°C.

Female Wistar rats (6-8 weeks old, weighing 140 + 20 g) were obtained from Harlan
Laboratories (Mexico City). Animals were fed a conventional diet and water ad libitum
and maintained in a room with a 12-h light/dark cycle at 23 + 2°C. The Animal Protection
Committee of the Food and Development Research Center (Centro de Investigacion en
Alimentacién y Desarrollo A.C. [CIAD]) approved the animal protocols. The rats were
randomized (p >.05) and allocated in nine groups of five rats/group.

The rats were administered 1 mL of fermented milk (10° CFU/mL). Two control
groups were administered 1 mL of unfermented milk and water via intragastric feeding.
The treatment period lasted for 21 days, after which rats were euthanized.

Sampling procedures
Blood samples from each group were obtained at days 7 and 21 and were centrifuged
(1800xg, 10 min, 4°C) to obtain serum. Serum samples were stored at —20°C.

ELISAs of serum samples

Interleukin (IL)-10 and IL-6 cytokine concentrations in serum were evaluated using com-
mercial ELISA kits (BD, Invitrogen). Immunoglobulin-A (IgA) concentrations in serum
were also determined with an ELISA kit (GenWay Biotech Inc., San Diego, EU). The
results were expressed as concentrations of cytokine (pg/mL) or immunoglobulin (ug/mL).

Statistical analysis

Experimental data were expressed as mean values * standard deviation for the in vitro
assays. For the in vivo evaluations, the results were expressed as average standard error.
Multiple comparisons were performed by one-way analyses of variances (ANOV As) fol-
lowed by Tukey’s tests (p <.05). For mucin degradation, the results were performed by
paired f-test (p <.05).

Results
Physiological evaluation

Survival under distinct pH and enzyme conditions

The LAB exhibited viability under different gastrointestinal conditions (Table 2). In
general, the strains under distinct pH conditions showed the highest percentage of cell sur-
vival ranging from 81.67% to 99.17%. Only one strain (J32) presented a low percentage of
cell survival under pepsin conditions. After exposure to lysozyme, the strains’ survival
rates were 88.22-99.51%. With respect to bile salts, the most tolerant strains were J20,
J24 and J32, which had tolerances of 96.95%, 96.23% and 98.82%, respectively. Together,
these results show that the strains selected have great capacity to survive the harsh con-
ditions of the gastric and intestinal environment.

Auto-aggregation and hydrophobicity assay
The auto-aggregation and hydrophobicity assays are indicative of adhesion capacity for
the selection of probiotics. In this sense, the ]J24, J25 and J32 strains presented the



Table 2. Evaluation of different physiological properties of Lactobacillus strains in vitro.
Viability (%)

Strains pH 3.0 Pepsin Pancreatin Lysozyme Bile salts (% growth) Auto-aggregation (%) Hydrophobicity (%)
J10 88.60 +0.18° 93.38 +0.08° 98.46 +0.14° 96.00 + 0.46° 76.33 +0.95 9.54 +0.04°° 14.1+1.11°
120 94.96 +0.31° 96.65 + 0.03° 98.88 + 0.36 98.73 + 0.34° 96.95 + 0.10° 31.85 +0.05¢ 20.1 £ 1.11¢
123 97.56 +0.11° 9430 +0.02° 94.54 +0.70° 98.80 + 0.22° 85.96 + 0.63° 6.80 +0.15° 10.7 +1.87°
124 97.57 +£0.27° 87.39 +0.02¢ 96.56 + 0.25 98.17 +0.12° 96.23 +0.10° 47.80+0.01° 63.4 +1.43°
125 88.79 + 0.06° 96.87 +0.02° 93.52 +0.28° 93.00 + 0.14° 76.39 + 0.00° 17.96 +0.13¢ 9.10 + 1.79%®
126 81.67 + 0.04¢ 7832+ 0.01° 96.08 + 0.30° 92,89 +0.11° 80.00 + 0.54° 33.40 +0.35¢ 6.50 + 1.312
127 93.96 + 0.32¢ 9233+0.13° 97.08 +0.16° 96.08 +0.11° 81.68 +0.19° 4292+0.01° 21.1£3.19°
128 99.76 + 0.06° 71.56 + 0.69° 94.68 +0.15 99.21 +0.142 78.99 +0.10° 10.57 +0.03° 5.10 + 1.592
131 84.17 +0.55¢ 84.52 +0.37¢ 99.17 +0.01° 99.51+0.16° 87.74 +0.20° 32.56 +0.07¢ 127+1.21°
132 94.69 + 0.26° 66.47 + 0.83% 95,61 +0.34° 86.30 + 0.22° 99.82 + 0.24° 36.29 + 0.36° 12.5+1.36°
134 83.82 +0.76° 88.24 + 0.06° 98.95 + 0.04° 90.97 +0.18° 88.68 + 0.28° 27.28+0.31¢ 6.60 + 1.36°
137 77.90 +0.25¢ 91.23 +0.08° 96.67 +0.322 99.54 + 0.40° 78.53 +0.33¢ 31.71 £0.16° 788 +2.21¢
138 83.77 +0.76° 94.13 +0.05° 87.34 + 0.46° 88.22 + 0.28° 75.51 +0.24° 20.46 + 0.19° 430+ 1.20°

Average values of two independent repetitions. For each determination, average values within the same column followed by common letters do not differ significantly (p <.05).

£16 (%) ADOTONNIWWITVHNLINDIDY ANV G004
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highest auto-aggregation values of 47.8%, 42.92% and 36.29%, respectively (Table 2).
These results were compared with those from other studies where different strains of
Bifidobacterium and Lactobacillus showed values of 12.3+£2.7% to 63.2+8.0% after
20 h of incubation. Collado et al. (2008) found that Lactobacillus presented the highest
rates of auto-aggregation, yet, comparatively, our strains showed better values during
the first 5 h of incubation. The hydrophobicity values were 63.45%, 21.1% and 78.85%
for the strains J24, J27 and J37, respectively.

Mucin degradation

Mucin degradation is a non-desirable characteristic for probiotics, as this could alter the
intestinal mucosal barrier. In addition, the production of mucin has been suggested as a
virulence factor for some enteropathogens and facilitates the mucosal penetration of
other pathogens and toxic agents (Ruseler-van Embden, van Lieshcut, Gosselink, &
Marteau, 1995; Zhou et al., 2001).

In this assay, mucin degradation was evaluated on agar plates and in the basal medium.
None of the strains evaluated in this study exhibited mucolytic activity on plates or in
medium supplemented with mucin compared with the control strain. In contrast, Escher-
ichia coli showed growth in the medium supplemented with mucin or glucose, which was
the only carbon source with OD values of 1.042 + 0.047 and 1.081 + 0.033, respectively,
after 24 h of incubation (Figure 1). However, Escherichia coli was able to produce a

basal medium + mucin basal medium + glucose Wl
1.2
5 @
1 ilr I
08 [ b
= b b
o b b b
w
[a)
O 06

04

0.2

U
| Bl

J32 J34 J37 J38 0Ii

23 J24 J25 J26 J27 J28  J3d
Lactobacillus strains

J10 J20

Figure 1. Cell growth of different Lactobacillus strains in basal medium added with mucin or glucose at
24 h of incubation. The results showed statistical differences (p < .05, Student’s t-test) between basal
medium + mucin and basal medium + glucose.
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clear lysis zone on plates. These results imply that the evaluated LAB strains were unable to
degrade mucin in vitro.

Haemolytic activity

The absence of haemolytic activity is an important property to consider upon selecting
probiotics. In general, probiotic strains have been recognized as safe and have not demon-
strated virulence in hosts (de Vuyst, Foulquie, & Revets, 2003; Morandi, Brasca, Andrigh-
etto, Lombardi, & Lodi, 2006). In the present study, the examined strains did not present
haemolytic activity when grown on a blood agar medium.

Antibiotic resistance

The evaluation of resistance to different antibiotics showed that strain J23 was susceptible
to CXM, strain J26 to GE and CXM and strain J25 to LEV. Other strains were moderately
susceptible to DC (strains J26 and J25), to GE (strains J25, J31, J32 and J34) and to LEV
(strains J23, J32 and J34). No strains were susceptible to all antibiotics, and multiple resist-
ances to most antibiotics were observed. In fact, all strains were resistant to PE, CF, E, AM,
FEP, CL and TE.

Technological evaluation

B-Galactosidase activity

The B-galactosidase activities ranged from 137.64 + 16.36 to 249.25 + 0.54 MU for strains
J24, J26, ]27, J34, J31 and J37 (Table 3). In comparison, Zago et al. (2011) reported a f-
galactosidase activity of 600 MU for L. plantarum, which was much higher than that
obtained in the present study. Another study reported values of 147-860 MU for Bifido-
bacterium and 675-1301 for L. acidophilus strains (Vinderola & Reinheimer, 2003).
According to these results, B-galactosidase activity is dependent on the analysed strain,
and Lactobacillus appears to present the highest activities.

Survival capacity under cold, lyophilizing and freezing conditions
All strains had a survival capacity of 80% under conditions of refrigeration, freezing and
lyophilization. The percentages of survival under freezing conditions differed significantly
among strains per bacterial concentration (p >.05) (Table 3). In comparison, the results of
Zacarias et al. (2011), who evaluated Bifidobacterium strains, did not show significant
differences (p >.05) in cell viability under frozen and refrigeration conditions.

Under lyophilization conditions after 30 days of storage, the survival percentages of J31,
J32, J34, J37 and ]38 differed significantly (p <.05), corresponding with 71.54%, 63.81%,
81.11%, 81.00% and 66.70%, respectively.

Survival at pasteurization temperatures

The D values were evaluated for thermostability of the probiotic. Cell concentrations of all
strains reduced after pasteurization and no viable cells of the J23, J27, J31 and ]38 strains
were detected after pasteurization (63°C, 30 min). The D values at 63°C were 5.43 and 5.63
min for strains J34 and J37, respectively (Table 3). Notably, the D values at 73°C were
11.50 and 13.76 s for strains J25 and J34, respectively. Together, these results indicate
that the strains.



Table 3. Evaluation of different technological properties of Lactobacillus strains in vitro.

Pasteurization D
Bacteria Refrigeration* Freezing* Lyophilization* 63°C/30 min 73°C/60 s 63°C/30 min 73°C/60 s B-Galactosidase (MU)
J10 85.83 +0.24° 88.92 +0.06° 85.05 +0.06° 52.00+0.70 58.13+0.11 6.62 14.90 16.91+8.7°
J20 96.00 + 0.75¢ 89.98 +0.02° 75.26 + 0.20< 48.95+0.02 56.63 £0.39 6.25 14.61 6.40 + 2,00
J23 90.83 + 0.28° 91.72 +£0.06° 79.39 +0.10¢ ND 5435+0.16 ND 14.62 35.67 +3.27°
124 86.98 + 0.08° 92.40 +0.47° 79.75 + 0.03¢ 41.30£0.05 59.01 £0.02 6.52 19.82 137.64 + 16.36°
J25 86.02 +0.16° 86.57 +0.65° 85.54 +0.05¢ 54.71+1.34 47.36+0.39 6.49 11.50 13.66 + 6.98°
J26 90-69 + 0.79° 93.12 +£0.50° 78.68 + 0.03¢ 41.69 £0.01 56.77 £ 0.06 6.13 16.00 151.29 + 3.87°
127 98.00 +0.07° 80.45 + 0.40° 76.67 0.15° ND 62.51+0.48 ND 18.95 182.00 + 9.72
J28 93.97 + 0.09° 91.75+0.12° 77.15 +0.02¢ 54.12+0.93 60.22 £0.17 6.96 15.92 22.35+10.92%
J31 95.16 + 0.00° 94.71 +£0.03° 71.54 +£0.14° ND 60.13 £ 0.04 ND 17.59 241.74 + 4.94°
J32 95.66 +0.12° 89.72+0.11° 63.81+0.02° 57.49 £ 0.55 53.71+£0.50 7.85 14.42 968 +1.51°
J34 96.29 +0.09¢ 97.83£0.19¢ 81.11 +0.02¢ 28.01£0.07 40.51+0.03 543 13.76 195.90 + 16.20¢
J37 89.61 + 0.04° 94.35 +0.09° 81.00 + 0.05¢ 38.24 £0.44 56.44 +0.02 5.63 16.46 249.25 + 0.54°
J38 96.81+0.02° 96.47 +0.03¢ 66.70 +0.01° ND 54.55+0.23 ND 15.64 118.18 + 16.88°

Average values of two independent repetitions. For each determination, average values within the same column followed by common letters do not differ significantly (p < .05). *Results corre-
sponding to 30 days of storage.
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Figure 2. Evaluation of IL-10 and IL-6 in serum following the administration of fermented milk.
Different letters between bars indicate significant differences between treatment up to 7 and 21
days (p < .05).
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From the biotechnological and physiological characteristics, the strains J20, J23, J24,
J25, J28 and J37 show the best probiotic capability and were selected for evaluation of
the immune response.

Evaluation of the immune system

To evaluate the capacity of the selected strains to modulate the immune system, cytokines
IL-6, IL-10 and the systemic IgA levels were determined in the serum of rats fed with fer-
mented milk with the different strains. Our results revealed a significant increase (p < .05)
in IL-10 in the groups that received milk fermented by strains J20, J23 and J28 after 7 days
(17.93 +1.70, 22.85+ 3.27 and 31.48 + 6.45 pg/mL, respectively). Furthermore, the con-
centration of IL-10 was constant at 21 days after administration of the J20 strain (44.22
1 7.47 pg/mL). Meanwhile, IL-6 increased significantly (p <.05) in groups administered
with milk fermented by J27 and J37 during the first 7 days (193.33 +8.28 and 172.88 +
5.42 pg/mL, respectively) but decreased after 21 days. However, in strains J23, J25 and
J28, the IL-6 concentration increased significantly (p <.05) (213.77 + 14.65, 176 + 14.01
and 168 + 18.86 pg/mL, respectively) with respect to the control group (Figure 2).

The IgA have a role in the protection mechanism of mucosal immunity, and confer
protection pathogens; hence, high levels of IgA are considered as a health benefit. The con-
centration of IgA in serum did not significantly differ between the evaluated groups.
However, between strains, the IgA concentration increases from 118.56 to 191.48,
158.35 to 193.94 and 110.35 to 207.12 for the strains J28, J24 and J27 at 21 days, J27
being the better strain with respect to the control group (Figure 3).
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Figure 3. Evaluation of total IgA in serum following the administration of fermented milk. Different
letters between bars for time indicate significant differences up to 7 and 21 days (p < .05).



FOOD AND AGRICULTURAL IMMUNOLOGY e 923

Discussion

The important characteristics for selection of probiotics include resistance to acid and bile
salts, adhesion capacity, resistance to technological process and conferring health benefits,
and thus modulating the immune system (Vasiljevic & Shah, 2008). The results for pepsin
and pancreatin displayed high viability, contrasting with the results of Maragkoudakis
et al. (2006), who found that different lactobacilli strains did not present viability after
pepsin exposure. In the latter study, only L. rhamnosus ACA-DC 112 and L. paracasei
subsp. paracasei ACA-DC 130 were viable after pepsin exposure. The results for pepsin
and pancreatin displayed high viability, contrasting with the results of Maragkoudakis
et al. (2006), who found that different lactobacilli strains did not present viability after
pepsin exposure. In the latter study, only L. rhamnosus ACA-DC 112 and L. paracasei
subsp. paracasei ACA-DC 130 were viable after pepsin exposure. Resistance to bile salt
is an important factor for the selection of potential probiotic bacteria, as strains with
this characteristic can better colonize the small intestine of a host and carry out their meta-
bolic activities (Liong & Shah, 2005; Strompfova & Laukova, 2007). In comparison to our
results, L. rhamnosus isolated from Parmigiano Reggiano cheese showed better survival
(Succi et al., 2005). In addition, different strains of L. plantarum and paraplantarum iso-
lated from fermented Portuguese olives exhibited comparatively greater tolerance in con-
ditions of acid and bile salt stress (Peres et al., 2014). Our results showed better tolerance
under conditions of pH and enzymes, which confers them the potential to be considered
probiotic.

The properties of adhesion to epithelial cells and mucosal surfaces have been suggested
as characteristics for the selection of probiotics (Collado et al., 2008). The adherence of
bacterial cells has been related to cell surface characteristics as well as complex processes
involved in the interactions between bacterial cell membranes and other surfaces. Several
researchers have reported varying interactions between epithelial cells and mucus depend-
ing on the composition and structure of different bacteria (Collado, Gueimonde, Hernan-
dez, Sanz, & Salminen, 2005; del Re, Sgorbati, Miglioli, & Palenzona, 2000; Ouwehand,
Salminen, & Isolauri, 2002). On the other hand, the adhesion characteristics to cell
surface hydrophobicity influence non-specific interactions between microbial and host
cells. Initial interactions may be weak and often reversible and often precede subsequent
adhesion processes mediated by specific mechanisms, as the binding of macromolecular
protein complexes and amphophile lipoteichoic acids (LTAs) to bacterial surfaces,
which then serves to bind cells to tissue surfaces (Rojas, Ascencio, & Conway, 2002;
Roos & Jonsson, 2002). In this sense, proteins, LTA and deacylated teichoic acid
combine via hydrophobic and hydrophilic domains and mutually interact to form a
linear layer terminated by an LTA molecule (Percy & Griindling, 2014).

Furthermore, the adhesion of microbes in polar solvents may be affected by cell surfaces
and the presence of proteins on cell surfaces. Meanwhile, hydrophilic surfaces are associ-
ated with the presence of polysaccharides (Perez, Minnaard, Disalvo, & De Antoni, 1998;
Rojas & Conway, 1996), and the surface layer (S-layer) proteins detected in some Lacto-
bacillus strains may be involved in adherence (Mukai & Arihara, 1994; Schneitz, Nuotio, &
Lounatma, 1993).

On the other hand, safety characteristics such as mucin degradation, haemolytic
activity and antibiotic resistance were determined. In our study, for mucin degradation,
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none of our evaluated strains showed degradation significantly with respect to strain
control. However, studies have been reported that Bifidobacterium spp. and Lactobacil-
lus spp. (Abe et al., 2010; Monteagudo-Mera et al., 2012; Peres et al., 2014) were also
unable to degrade mucin. In contrast, another study demonstrated that Bifidobacterium
bifidum, Bifidobacterium breve and Bifidobacterium longum possessed mucin degra-
dation activity and genes that encode mucin-decomposing enzymes (Ruas-Madiedo,
Gueimonde, Fernandez-Garcia, de los Reyes-Gavilan, & Margolles, 2008). The negative
effect of mucin degradation facilitates translocation of bacteria to lamina propria and
extraintestinal tissues (Zhou et al., 2001) and our results suggest that bacteria are non-
invasive to host.

Haemolytic activity is correlated with the production of exotoxins and induces lysis of
blood cells. Our results were similar to those found by Kalui, Mathara, Kutima, Kiiyukia,
and Wongo (2009); Mami, Henni, and Kihal (2008), Peres et al. (2014) and Thirabunya-
non et al. (2009), who reported that L. plantarum isolated from fermented maize porridge,
raw goat’s milk, LAB fermented dairy and fermented Portuguese olives, respectively, does
not exhibit haemolytic activity.

Liasi et al. (2009) and Boulares et al. (2012) found that strains isolated from fermented
fish products and Tunisian fresh fish were resistant to different antibiotics. In contrast, the
findings of Banwo, Sanni, and Tan (2013) demonstrated that Enterococcus faecium CM4
had a high susceptibility to vancomycin but was moderately sensitive to other antibiotics.
Another study reported resistance to vancomycin and teicoplanin and sensitivity to chlor-
amphenicol and tetracycline in different Lactobacillus strains (Maragkoudakis et al., 2006).
Furthermore, L. plantarum strains isolated from Italian and Argentinean cheeses pre-
sented resistance to tetracycline and sensitivity to gentamicin, erythromycin and chloram-
phenicol (Zago et al, 2011). The antibiotics’ resistance is important for the use of
probiotics due to the possibility of transferring antibiotic resistance genes to pathogens.

The technological properties and resistance of probiotics to pasteurization conditions
demonstrated their possible usage as starter cultures at an industrial level. Some strains
showed survival under pasteurization conditions and D values were strain dependent.
In a study reported by Crow et al. (2002), D value for a strain of L. paracasei was 5.2 s
at 72°C, whereas the D value of L. paracasei DPC2103 isolated from Irish Cheddar
cheese was 4.45 s at 72°C (Jordan & Cogan, 1999). Also, L. paracasei isolated from milk
had a D value of 2s at 73°C (Christiansen, Waagner, Vogensen, Brogren, & Ardo,
2006). Compared with our results, the strains evaluated showed higher D values which
showed a better stability for heat treatment.

Some characteristics of heat resistance could be affected by different conditions such
as physiological status, pH, water activity and salt content (Casadei, Ingram, Hitchings,
Archer, & Gaze, 2001). The presence of surface S-layers formed by proteins, which are
found in different strains of Lactobacillus, may be responsible for heat resistance. In
other bacteria such as L. acidophilus NCEM, L. casei LC301, L. helveticus LH212 and
L. plantarum DPC2739, different proteins have been found to play a role in stress
response mechanisms (Broadbent, Oberg, Wang, & Wei, 1997; de Angelis & Gobbetti,
2004). The expression of heat-shock proteins (DnaK and GroEL) also varies depending
on the species. Angelis et al. (2004) reported that the protein expression of L. plantarum
DPC2739 was related with some physiological processes in the cell (e.g. chaperone
activity, ribosome stability, stringent response mediation, temperature sensing and
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control of ribosomal functions). Our study shows evidence of possible adaptations in the
heat responses, which may be related to the expression of some proteins on the cell
surfaces.

Several researchers have demonstrated the beneficial effects of fermented milk on the
immune system when consumed for a prolonged period, showing the importance of
doses and cell viability for the activation of macrophages and mucosal response (de
Moreno de LeBlanc et al., 2005; Medici et al., 2005). The results showed the potential
effect on the immune system systemic to enhance IL-10 cytokine, which has an important
role as a regulatory cytokine in different processes of inflammation for maintaining the
homeostasis of tissue epithelial layers, also facilitating the tissue-healing process and
repressing the pro-inflammatory response (Ouyang, Rutz, Crellin, Valdez, & Hymowitz,
2011). On the other hand, the regulation of IL-6 has an important role during chronic
inflammation and autoimmunity, as the administration of fermented milk might decrease
the negative effect of IL-6 when it is synthesized in high concentrations (Tanaka, Narazaki,
& Kishimoto, 2014).

The administration of fermented milk for 98 days increased the CD4+ and CD8+
cells in the lamina propria of the intestine; cytokines IL-10, TNFa, IFNy and IL-12
and IgA+ cells in the mucosal immune system; and the activity of macrophages (de
Moreno de LeBlanc et al., 2008). Furthermore, milk fermented with probiotics and bio-
molecules or free-cell fractions may become involved in different systemic and mucosal
responses (Galdeano et al., 2009; Medici et al., 2005). The interaction between lamina
propria and probiotics is mainly generated at the gut level. Several models have been
considered for this interaction, including one based on the maintained contact of pro-
biotics with gut-associated immune cells of the small intestine. Dendritic cells and
macrophages are the first cells that interact with bacteria and may induce the production
of cytokines and favour lymphocyte proliferation (Galdeano, de Moreno de LeBlanc,
Vinderola, Bonet, & Perdigén, 2007). The response of the small intestine’s immune
system is associated with Peyer’s patches, which are the principal inductive sites after
oral administration of an antigen. Anatomically, these are connected to the systemic
immune system by the mesenteric lymphatic node. Their interaction with probiotics
induces an increase in IgA+ cells in distant mucosal sites. The IgA+ cells migrate to
the mesenteric lymphoid node and then, via the thoracic duct, through the circulatory
system. A response generated in the intestine may therefore spread throughout the sys-
temic immune system and reach gastrointestinal mucosal system (Galdeano et al., 2009;
Vinderola et al., 2006).

Conclusion

The physiological and technological characteristics of LAB isolated from artisanal Cocido
cheese demonstrate the potential probiotic of these bacteria and their possible applications
in the development of functional foods such as fermented milk. An in vivo evaluation was
carried out wherein milk was fermented with selected Lactobacillus strains. Milk fermen-
ted for longer periods may have the capacity to stimulate the systemic immune system.
However, more studies are needed to establish the components contained in fermented
milk that stimulate an immunoregulatory response and to assess the effects of this
response on other diseases related to the immune system.
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