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ABSTRACT. We investigated the probiotic potential of lactic acid
bacteria (LAB) obtained from cocoa fermentation using an experimental
rat model of colitis. Cocoa beans were collected from fermentation
boxes every 12 h for 5 days to isolate the microorganisms. Strains were
isolated by serial dilution and plating on MRS agar. Gram-positive and
catalase-negative rods were subjected to DNA extraction, polymerase
chain reaction, and sequencing. Ten strains were randomly pooled
and used to prepare a fermented milk drink that was used to treat the
experimental colitis. A parallel group was treated with a single strain
drink. Serum concentrations of cytokines and IgA, total and differential
counts of blood leukocytes, and histological appearance were compared
with the untreated control colitis group. Eighty strains of LAB were
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identified as Lactobacillus fermentum (68) and Lactobacillus plantarum
(12). The multi-strain LAB pool significantly reduced the total number
of leukocytes. There was a significant reduction in the percentage of
neutrophils and monocytes compared with the control colitis group.
IFN-y concentration was downregulated in animals treated with the
LAB pool. IL-10 and IgA increased significantly in the group treated
with the strains. Histological analysis showed that the LAB pool
reduced the inflammatory infiltrate and restored tissue architecture. The
group treated with the single strain LAB drink (L. fermentum) showed
no signs of inflammation remission. The results confirm the probiotic
action of cocoa-derived LAB in the treatment of experimental colitis.
Studies using isogenic models and humans will clarify the mechanisms
of immune response modulation in inflammatory bowel disease.
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INTRODUCTION

Probiotics are defined as live microorganisms that, when administered in adequate
amounts, confer a health benefit to the host (FAO/WHO, 2002). They are able to prevent or
decrease the duration of diarrhea, reduce the tissue damage caused by inflammatory bowel disease
(IBD), and mitigate certain clinical conditions such as asthma, cancer, metabolic disorders,
and extra-intestinal infections (Lenoir-Wijnkoop et al., 2007; Floch, 2014). Probiotics need to
survive gastrointestinal conditions to colonize the intestine, where they represent a barrier to the
development of pathogens by competing for adhesion to mucus and epithelial cells, and produce
antimicrobial compounds such as bacteriocins and hydrogen peroxide. They also modulate the
immune effect by interacting with cellular receptors, enhancing the response to pathogens, or
reducing chronic inflammatory responses (Oelschlaeger, 2010; Saez-Lara et al., 2015).

The pathogenesis of IBD, which includes ulcerative colitis and Crohn’s disease, has
not yet been elucidated and is considered to be multi-factorial. IBD results from an exaggerated
and continuous inflammatory response to resident microbiota in individuals with genetic
predisposition (Zemljic et al., 2014). A growing body of data indicates that excessive amounts
of cytokines, nitric oxide, and chemokines play a role in the development of intestinal damage
by disrupting epithelial cell integrity (Grisham et al., 1990; de Mattos et al., 2015).

Evidence suggests that probiotics, mainly lactic acid bacteria (LAB), are promising
candidates for the prevention and control of IBD. Animal model-derived colitis data indicate
that specific LAB strains may be used to prevent and treat intestinal inflammation because
they modulate inflammation and reduce histological damage (Scaldaferri and Fiocchi, 2007;
Sheil et al., 2007; Floch, 2014). Moreover, probiotics can restore the balance of the resident
microbiota (Shoaib et al., 2015).

The growing interest in the development of functional foods has prompted the search
for new strains for probiotic applications. Thus, various fermented products have served as a
source of LAB, which might help the development of health-promoting products (Todorov et
al., 2008; Feng et al., 2015). The fermentation of cocoa beans (Theobroma cacao), the main
raw material in the manufacture of chocolate, is known to produce these microorganisms;
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many species of Lactobacillus, e.g., Lactobacillus fermentum, Lactobacillus plantarum,
Lactobacillus cellobiosus, and Lactobacillus brevis, have been identified in the fermentation
environment (Schwan and Wheals, 2004).

Our study aimed to access the probiotic potential of cocoa fermentation-derived LAB
by testing their ability to reverse the inflammatory process in an experimental colitis model.

MATERIAL AND METHODS
Study design

Twenty-four rats were divided into four experimental groups of six animals each:
two experimental groups and two control groups (positive control and standard group). The
experimental groups and positive controls were subjected to intrarectal instillation of 10%
acetic acid to induce colitis. The treatment was initiated by oral administration of probiotics
to the experimental groups 24 h after the induction of intestinal inflammation. One of the
experimental groups was treated with a mix of L. plantarum and L. fermentum strains (LAB
pool); the second experimental group was treated only with L. fermentum (single strain). Each
experimental group received 2 mL fermented milk drink/day containing probiotics (10° UFC/
mL) for 7 days. The positive control developed intestinal inflammation, but did not receive
treatment. The standard control consisted of the untreated normal group, which did not develop
inflammation. On day 8, the animals were sacrificed for blood collection and macroscopic and
microscopic colon analysis.

Animals

Male Wistar rats (Rattus norvegicus; 8-12 weeks old; 200-250 g) were used as the
experimental colitis models. The animals were accommodated in a room with controlled
temperature and light and had free access to food and water. The rats were anesthetized with
halothane and colitis was induced on day zero by intrarectal administration of 10% acetic acid
solution (1 mL/animal) administered with a 3.5 F catheter inserted 2 cm proximal to the anus.
After the experiments, the animals were sacrificed by an overdose of halothane and samples of
blood and proximal colon were collected to investigate inflammation. The Local Animal Care
and Use Committee approved all experimental protocols described in this study.

Isolation and identification of microorganisms

Cocoa beans (100 g) were collected from a fermentation box every 12 h for 5 days for the
isolation of LAB. They were suspended in saline (0.85% NaCl) and processed in a Waring blender.
Next, the pulp was serially diluted and plated on MRS agar (HiMedia, Mumbai, India). After
growth at 37°C under anaerobic conditions (5% CO,) for 24 h, the isolates were tested for catalase
activity and those that were catalase-negative were submitted to Gram staining. The Gram-positive
and catalase-negative rods were re-isolated and maintained in MRS broth (HiMedia) with 25%
glycerol at -20°C for further experiments. Bacteria were subjected to DNA extraction, polymerase
chain reaction (PCR), and sequencing. The sequencing was carried out by a sequencing service
provider, Ludwig Biotec Co. (Alvorada, RS, Brazil). Sequences were analyzed in silico and the
isolates were identified according to similarity, with cut-off at similarity >97%.
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Extraction of genomic DNA

Cultures that had been grown in MRS broth for 24 h were washed twice in 0.1
M phosphate-buffered saline, pH 7 (1 M K,HPO,, 1 M KH,PO,), and after discarding the
supernatant, the pellets were homogenized in lysis buffer (10 mM Tris, pH 7.4, 10 mM NacCl,
25 mM ethylenediaminetetraacetic acid, 1% sodium dodecyl sulfate). Proteinase K (50 pL/
mL) was then added and the samples were incubated for 1 h at 42°C. Thereafter, the samples
were mixed with the same volume of phenol/chloroform/isoamyl alcohol (25:24:1) by gentle
inversion for 10 min. The mixture was centrifuged for 10 min at 14,000 g at 4°C, and the
aqueous phase was transferred to a fresh tube where precipitation with sodium acetate (3 M,
pH 3.0) and 100% cold ethanol occurred. This mixture was chilled to -20°C for 2 h and then
centrifuged at 4°C and 14,000 g for 30 min. The pellet was washed with 70% cold ethanol
and re-suspended in sterile ultrapure water. The DNA concentration was verified by 1% w/v
agarose gel electrophoresis.

PCR

Each DNA sample was subjected to amplification wusing the forward
primer Lacl (5-AGCAGTAGGGAATCTTCCA-3') and the reverse primer Lac2
(5'-GATTYCACCGCTACACATG-3"). The 50 pL mixture contained 25 pmol each primer,
0.2 mM each dNTP, 1X buffer, 3.7 mM MgCl,, 0.4 mg/mL bovine serum albumin, 2.85 U Taq
polymerase (Fermentas, ThermoFisher Scientific, Waltham, MA, USA), and 10 ng DNA. The
amplification process comprised an initial denaturation step at 94°C for 2 min; 35 cycles of 1
min at 94°C, 2 min at 60°C, and 1 min at 72°C and a final extension step at 72°C for 30 min.
The amplified DNA was examined by agarose gel electrophoresis.

Sequencing
The PCR fragments were sent for sequencing by Ludwig Biotech.
Preparation of fermented solutions

Ten strains of L. fermentum and L. plantarum were randomly chosen from all the
cocoa fermentation collection time-points and were grown separately in MRS broth for 24 h at
37°C. The cells were collected by centrifugation at 7000 g for 10 min (20°C), washed, and re-
suspended in saline (NaCl 0.85%) to A, = 0.3 (A, is the absorbance, or optical density,
of a sample measured at a wavelength of 600 nm). Fermented milk drinks were prepared by
dissolving skimmed milk powder in water (1:10), heating to 85°C for 5 min, and immediately
cooling to 42°C in an ice bath. The milk solutions were inoculated with bacteria diluted in
saline. Fermentation was performed at 42°C until the samples reached pH 4.5, and the formed
clumps were broken up by shaking and cooling to 20°C in an ice bath. The LAB concentration
was determined by plating serial dilutions on MRS agar and counting the colonies. When
necessary, the cell number was adjusted to 10° CFU/mL. After adjustment of the cell titers,
there was a random mixture of strains. We simultaneously prepared a fermented milk drink
containing only one isolate of L. fermentum by following the same procedure described above.
The suspensions were kept refrigerated at 2°-8°C.
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Leukocyte blood count

Blood samples were diluted in Tiirk’s solution (1:20) and counted using a Neubauer
chamber and a light microscope at 400X magnification. For differential counts, 100 leukocytes
were counted in blood smears that had been subjected to Wright’s staining, and visualized by
light microscopy at 400X magnification.

Macroscopic and microscopic damage

Immediately after euthanasia, the rat colons were removed and rinsed with saline.
Intestinal damage was analyzed by observing macroscopic lesions, the presence of liquid
feces, and edema. To assess microscopic damage, a segment of proximal colon was resected
and fixed in 10% formalin. After dehydration in an ascending series of alcohol and xylol, the
samples were embedded in paraffin. Sections (7-mm thick) were stained with hematoxylin and
eosin and examined by light microscopy at 100X and 400X.

Analysis of cytokines and immunoglobulin A (IgA)

Serum concentrations of interferon gamma (IFN-y), tumor necrosis factor alpha
(TNF-a), interleukin-10 (IL-10), and IgA were measured using the enzyme-linked
immunosorbent assay (ELISA). The experimental procedures were conducted according to
the respective manufacturers’ instructions (eBioscience rat IFN-y ELISA, San Diego, CA,
USA,; eBioscience rat TNF-a ELISA; RayBiotech IL-10 ELISA Kit, Norcross, GA, USA;
Immunology Consultants Laboratory, Inc. rat [gA ELISA, Portland, OR, USA).

Statistical analysis

The difference between the experimental groups and controls was tested by analysis
of variance (ANOVA) using the GraphPad Prism 3.0 software. All tests were performed in
duplicate and the results represent the average of two experiments.

RESULTS
Isolation and genetic identification

Initially, samples of cocoa beans were collected every 12 h for counting and
identification of LAB. During the five days of fermentation, 80 strains of catalase-negative,
Gram-positive bacilli were isolated. The sequencing identified 68 isolates as L. fermentum and
12 as L. plantarum, using the Lac1/Lac2 primer pair.

Total and differential leukocyte counts

LAB pool treatment, at a dose of 10° CFU/mL, decreased the global and differential
blood count of the leukocytes. The total number of leukocytes was significantly decreased
in comparison with the positive control. However, treatment with the single strain displayed
a tendency to increase the count of these cells compared with the normal control. The total
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leukocyte count also differed in the experimental groups, with a significant decrease in the
LAB pool-treated group in relation to animals treated with the single strain (Figure 1A). The
LAB pool induced a significant decrease of neutrophils and monocytes in comparison with the
positive controls. Conversely, treatment with the single strain induced a high count of these
cells compared with both the control groups, although the differences were not statistically
significant (Figure 1B and 1C). The ratio of lymphocytes was higher in the group treated with
the LAB pool and decreased in the group treated with the single strain-fermented drink (Figure
1D). There was no difference in eosinophil count in any of the experimental groups.

A B
» 14000
£ i
E 12000 o
% 10000 <
- Q
g 8000+ 2
S 6000 3
3 z
S 4000 =
2 20004
0
&
c D)
0n 0
¢ g
Q [%]
: :
= £
>
= a
=

Figure 1. Total and differential leukocytes quantification. Animals that developed chemically induced colitis
were treated with probiotics in fermented dairy solutions containing a mix of strains [lactic acid bacteria (LAB)
pool] or an isolated strain (single strain) for 1 week. On the eighth day, the animals were euthanized to collect
blood and colon samples. The positive control developed colitis, but was not treated. The normal control did not
exhibit colon inflammation and was not treated with LAB. A. Blood leukocytes global count. *Significant decrease
as compared to positive control; **significant decrease in relation to single strain group (P < 0.05). B. Blood
circulation neutrophils rate. *Significant decrease in relation to positive control (P < 0.05). C. Blood circulation
monocytes rate. *Significant decrease as compared to positive control (P <0.05). D. Blood circulation lymphocytes
rate. *Significant difference as compared to positive control (P < 0.05); **significant difference as compared to
single strain group (P < 0.05); “significant difference as compared to normal control (P < 0.05).

Serum levels of cytokines and IgA

The experimental group that received the LAB pool (=50 pg/mL) showed a significant
decrease in serum IFN-y compared with the positive control (£175 pg/mL), a reduction of
approximately 90%. In contrast, the single strain group (=380 pg/mL) showed high levels of
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IFN-y (Figure 2A). There was increased IL-10 production in the LAB pool group (£1600 pg/
mL), significantly different from the normal control (£600 pg/mL), while for the single strain
group it remained unchanged (£700 pg/mL) (Figure 2B). The serum concentration of TNF-a
was similar in all the groups tested (data not shown). The group treated with the LAB pool
(£720 pg/mL) presented IgA serum levels three times higher than in the positive control (215
pg/mL). Conversely, the group of rats treated with the single strain showed low IgA serum
levels (Figure 2C).

A B

IFN- y pg/mL
IL-10 pg/mL

IgA pg/mL

Figure 2. Cytokines and IgA serum concentration. Animals that developed chemically induced colitis were treated
with probiotics in fermented dairy solutions containing a mix of strains [lactic acid bacteria (LAB) pool] or an
isolated strain (single strain) for 1 week. On the eighth day, the animals were euthanized to collect blood and
colon samples. The positive control developed colitis, but was not treated. The normal control did not exhibit
colon inflammation and was not treated with LAB. A. Serum levels of IFN-y. *Significant decrease as compared
to positive control; **significant decrease as compared to single strain group (P < 0.05). B. Serum levels of IL-10.
*Significant difference as compared to normal control (P < 0.05). C. Serum levels of IgA. *Significantly higher
than positive control (P < 0.05); **significantly higher than single strain group (P < 0.05).

Histological analysis

Macroscopically, the colons of the positive control rats exhibited edema, hyperemia,
and accumulation of feces. The rats treated with the LAB pool produced the best results,
showing similarity to the standard controls without colitis. All rats treated with lactic acid
solutions showed accumulation of intestinal gas (data not shown).

The histological analysis revealed that LAB pool treatment was efficient in promoting
the recovery of colonic tissue. The untreated colitis group (positive control) presented colons
with dense inflammatory infiltrate, with areas of necrosis, edema, and loss of tissue architecture
(Figure 3A) compared with the normal control (Figure 3B).
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Figure 3. Histological analysis of colonic tissue. Animals that developed chemically induced colitis were treated
with probiotics in fermented dairy solutions containing a mix of strains [lactic acid bacteria (LAB) pool] or an
isolated strain (single strain) for 1 week. On the eighth day, the animals were euthanized to collect blood and
colon samples. The positive control developed colitis, but was not treated. The normal control did not exhibit
colon inflammation and was not treated with LAB. A. Positive control. The arrows indicate areas with accentuated
inflammatory, neutrophil infiltration, and cryptic abscesses. B. Normal control. Normal appearance of the colonic
mucosa. C. LAB pool group. The arrows show decreased number of inflammatory cells and glandular hypertrophy.
D. Single strain group. The picture shows the inflamed tissue with disruption of the mucosa and areas of necrosis.
(Hematoxylin and eosin, light microscope, 400X).

The LAB pool-treated group exhibited reduced inflammation and pronounced
recovery (Figure 3C), with reduction of leukocyte infiltration, hypertrophy of glandular
cells, and recovery of tissue structure. The single strain-treated group did not display signs of
inflammation reduction, confirming the cytokine and IgA results (Figure 3D).

DISCUSSION

The microorganisms used as probiotics in humans for the treatment or prevention
of diseases have generally been isolated from the feces of healthy individuals. However,
recent studies have sought to investigate the probiotic potential of LAB isolated mainly from
fermented products. Microorganisms from extra-intestinal sources have shown interesting
properties, such as bacteriocin production, adherence to epithelial cells and mucus, and
resistance to gastric pH and bile (Zoumpopoulou et al., 2008; Klayraung and Okonogi, 2009;
Barbosa et al., 2014; Guerreiro et al., 2014; Tulumoglu et al., 2014). In clinical studies,
several species of Lactobacillus were able to reduce diarrhea and respiratory infections, and
ameliorated symptoms of atopic dermatitis (Ciszek-Lenda et al., 2011; Nermes et al., 2011).
Our results confirm this trend by presenting the anti-inflammatory action of LAB isolated
from cocoa fermentation.

Several genera of LAB have been identified in cocoa fermentation, such as
Leuconostoc, Enterococcus, Weissella, and especially Lactobacillus (Schwan and Wheals,
2004; Nielsen et al., 2007). Walter et al. (2001) demonstrated the specificity of Lacl/Lac2
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primers for the amplification of a fragment of the 16S rDNA of Lactobacillus. Using this
primer set, the strains of Gram-positive and catalase-negative rods used in this study were
identified as 68 isolates of L. fermentum and 12 L. plantarum, according to the sequence.
Despite the predominance of L. fermentum, the two species were isolated during all sampling
times. The fact that the LAB were used in the pool of randomly selected strains meant that we
could not correlate the immunological results with the points of fermentation at which each
isolate was collected, since the physical and biochemical variations of the process did not
allow us to select strains with particular characteristics.

To investigate the effect of LAB in an experimental colitis model, ten strains from
cocoa fermentation (L. fermentum and L. plantarum) were randomly grouped (LAB pool),
and this mix was used to treat rats suffering from chemically induced colitis. Another group
of animals was treated only with L. fermentum (single strain). The treatment was started 1 day
after the induction of intestinal inflammation, and lasted for 1 week.

Initially, we observed a reduction of the total number of blood leukocytes in the rats
treated with the LAB pool. There were also marked decreases in the neutrophil and monocyte
counts. The process of intestinal inflammation is associated with increased numbers of
peripheral macrophages and polymorph nuclear leukocytes, which show an activated profile
and increased survival, and are the main source of inflammatory cytokines (Nikolaus et al.,
1998; Tanaka et al., 2008). Farooq et al. (2009) showed that the blockade of chemokine receptor
CXCR?2 in the neutrophils of mice with dextran sodium sulfate-induced colitis significantly
reduced the number of neutrophils in the mucosa compared with the control, resulting in
a reduction of the harmful effects on the tissue. Our findings suggest that the decrease of
circulating leukocytes is related to the anti-inflammatory effect of LAB from cocoa. However,
we could not determine if this result was due to the mechanism of action of these strains, or
only reflected the reduction of inflammatory stimuli in the intestine.

In our study, treatment by LAB showed different effects on serum cytokines. The
mixture of strains caused downregulation of IFN-y production, while inducing the anti-
inflammatory cytokine IL-10. However, the single strain-fermented drink was incapable of
reducing the pro-inflammatory cytokine. Cytokines produced by circulating and infiltrated
leukocytes are responsible for the exacerbation and perpetuation of the inflammatory process
in IBD. In Crohn’s disease, inflammation is mediated by Thl cells, which are induced by
IL-12, leading to increased expression of pro-inflammatory cytokines such as IFN-y, TNF-a.,
IL-2, IL-1, IL-6, and IL-8 (Waldner and Neurath, 2009). Conversely, IL-10 acts by modulating
the inflammatory response and restoring tolerance to luminal antigens (Lammers et al., 2003).
When we evaluated TNF-a serum levels, all groups presented similar concentrations. In the
present study, this fact can be explained by the time of collection after 7 days of treatment. The
TNF-a is produced in the early stages of inflammation and is quickly consumed in the blood.
Moreover, many studies that evaluate this cytokine report its detection in the mucosa (Pavan
et al., 2003; Peran et al., 2007). Similar to our findings, Zoumpopoulou et al. (2008), using the
strain L. fermentum ACA-DC 179, observed high levels of IL-10, with the rate of [L-10/IL-12
significantly higher, suggesting the anti-inflammatory profile of this lineage.

Another immune aspect that has been investigated in studies of probiotic bacteria
is IgA production. We observed an increased production of IgA antibody in the LAB pool
group in comparison with the positive control. This group also showed the best results in
histological analysis and levels of IFN-y and IL-10. IgA is the main immunoglobulin isotype
secreted in mucosal surfaces and plays a central role in local immunity by creating a barrier
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to pathogens. The activity of IgA may limit the contact of the normal microbiota with the
epithelium, reducing the chances of activating a destructive inflammatory response (Suzuki et
al., 2007). The increased serum and secretory levels of IgA are elevated after treatment with
probiotics (Bakker-Zierikzee et al., 2006; Seifert et al., 2011). We believe that the probiotic
effect of the LAB strains used in this study is related to IgA action, and acts by restoration of
the acetic acid-damaged epithelial barrier. IgA prevents the invasion of the mucosa and limits
the inflammatory stimulus, preventing tissue damage.

Acetic acid-induced colitis causes epithelial barrier dysfunction, loss of crypt of
Lieberkiihn architecture, and dense inflammatory infiltrate, resulting in the early stages of
Crohn’s disease and ulcerative colitis (Bouma and Strober, 2003; Rivera-Nieves et al., 2008).
Although we observed the anti-inflammatory effects of the LAB pool in our rat model of
acetic acid-induced colitis, when treating with Lactobacillus lactis, Steidler et al. (2000) found
no effect on dextran sodium sulfate-induced inflammation in mice or spontaneous colitis
developed in IL-10-deficient mice. In contrast, Dicksved et al. (2012), working with the same
experimental model, found that Lactobacillus reuteri was able to maintain the barrier function
of the mucosa, preventing microbial translocation, despite decreasing the mucus layer. The
difference between these observations can probably be attributed to the use of different
animal models and experimental settings. However, we believe that the use of non-isogenic
experimental models is very important for the provision of data on the existence or otherwise
of probiotic properties for developing a future product applicable to humans.

In this study, we aimed to assess the potential of LAB isolated from fermentation of cocoa
for use as probiotics. We decided that an experimental design using pooled strains was the best
way to test a higher number of microorganisms and minimize the use of animals. Interestingly,
the group treated with a single strain showed different results, i.e., increased circulating leukocyte
count, high IFN-y levels, and unrecovered histological aspects. For this reason, it is necessary
to test the safety of probiotics for therapeutic use, since these microorganisms come into contact
with the damaged mucosa. Lukic et al. (2013) tested the anti-inflammatory potential of the L.
fermentum BGHI14 strain in an animal model of 2,4,6-trinitrobenzenesulfonic acid-induced
colitis, and noted that even healthy animals showed an infiltrate of lymphocytes in the mucosa.
However, there was no exacerbation of pathology in the colitis rats.

The different results found in this study in relation to multi- or single-strain probiotics
can be explained by the uniqueness of each of the isolated strains, which were extracted at
different fermentation times, and therefore showed different metabolic profiles. Our strains
were isolated under different conditions of temperature, pH, and oxygen availability-normal
variables in the cocoa fermentation process. LAB of the same species isolated from a particular
environment can present different probiotic characteristics. Furthermore, Timmerman et al.
(2004), compared the functionality of multi-lineage probiotics and highlighted the superiority
of these products for growth and reduced mortality in chickens, for the recovery of the
intestinal microbial balance after antibiotic use, and for the treatment of infections caused by
Salmonella spp and Escherichia coli O157: H7. However, detailed studies will clarify the role
of each bacterium in the treatment of colitis.

Finally, we observed that Lactobacillus spp isolated from cocoa bean fermentation
have probiotic potential and are able to modulate the chemically induced inflammatory process
in rat models. A cocoa fermentation-derived combination of L. fermentum and L. plantarum
can exert beneficial anti-inflammatory properties in an experimental colitis model. The results
of our study reinforce the interest in using lactobacilli of non- human origin because the mix
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of strains from cocoa fermentation stood out for its therapeutic effects in the experimental
colitis model. The mix of strains modulated the serum cytokines and IgA, and reduced
histological damage. The determination of functional activity is the starting point for the study
of any probiotic microorganism. However, more detailed studies (e.g., with isogenic models
and technological properties) are essential to confirm these findings. In our laboratory we
are currently conducting studies to identify the mechanisms of action of these bacteria and
their technological properties. We are also searching for new functional activities, even those
relating to the bacterial substances involved in secondary metabolism. In addition, human
clinical studies will enable the safe use of these strains.
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