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Abstract: Currently, the majority of prebiotics in the market are derived from non-digestible
oligosaccharides. Very few studies have focused on non-digestible long chain complex
polysaccharides in relation to their potential as novel prebiotics. Cereals B-glucans have
been investigated for immune-modulating properties and beneficial effects on obesity,
cardiovascular diseases, diabetes, and cholesterol levels. Moreover, B-glucans have been
reported to be highly fermentable by the intestinal microbiota in the caecum and colon, and
can enhance both growth rate and lactic acid production of microbes isolated from the
human intestine. In this work, we report the effects of food matrices containing barley
B-glucans on growth and probiotic features of four Lactobacillus strains. Such matrices
were able to improve the growth rate of the tested bacteria both in unstressed conditions
and, importantly, after exposure to in vitro simulation of the digestive tract. Moreover,
the effect of B-glucans-containing food on bacterial adhesion to enterocyte-like cells was
analyzed and a positive influence on probiotic-enterocyte interaction was observed.
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1. Introduction

The pivotal role of nutrition for maintaining a good state of health is a well-accepted notion.
A correct diet can have preventive and curative effects on diseases and disorders of various origins,
including obesity, phlogosis, immune dysfunctions, cancer and the detrimental consequences of aging [1-3].

Probiotic microorganisms are increasingly recognized for their beneficial effects on human health.
Thus, microorganisms recognized as probiotics, mainly members of the Lactobacillus and Bifidobacterium
genera, are increasingly being used in food preparations and for the development of novel functional
foods [4,5].

Beyond the assessment of probiosis and the development of methods to identify new probiotic
microorganisms, the concept of prebiosis, i.e., the enhancement of probiotic function, has become as
important as the notion of probiosis. Prebiosis consists in the selective stimulation of growth and/or
activity of one or a limited number of beneficial microbial species in the gut microbiota, thus enhancing
probiotic-deriving health benefits to the host [6,7]. Moreover, prebiotic properties have been related
to improved efficiency in intestinal functions, mineral absorption, immune functions, and cancer
prevention [8—15].

The gut microbiota comprises mostly anaerobic bacteria that need fermentative substrates to obtain
metabolic energy for their growth and activity. Non-digestible food carbohydrates, including fibres,
oligosaccharides, resistant starch, as well as proteins or peptides that escape from human digestion,
can be utilized by microbes as a source of energy [16—18]. Several food components, including
fructooligosaccharides (FOS) and galactooligosaccharides (GOS), have been shown to positively
influence growth and metabolism of bifidobacteria and lactobacilli, as well as the overall composition
of the gut microbiota, thus performing a prebiotic action. Among dietary fibres, B-glucans,
together with other non-digestible food ingredients such as soybean oligosaccharides, lactosucrose,
and isomalto-oligosaccharides, are currently being investigated to evaluate their potential prebiotic effects.

B-Glucans constitute the water-soluble fraction of several cereals and are stored in the cell walls of
the aleurone and subaleurone layer of barley, oat, sorghum, triticale, wheat and rice [6,19]. In oat and
barley, i.e., cereals with high B-glucan levels, the content of such carbohydrates is in the range of 2-20 g
and 3-8 g per 100 g of dry weight, respectively. Structurally, these cereal B-glucans are linear D-glucose
polymers linked by either B(1,3) or B(1,4) glycosidic bonds, for which humans do not possess enzymes
to split the link, and presenting side branches connected to the principal chain by B(1,2)- or
(1,6)-glucopyranosyl substituents [20,21].

Other dietary sources of B-glucans comprise several species of fungi [22]. Fungal B-glucans can
present linear B(1—3) or (1—6)-linked sugar units and branches of B(1—3) and B(1—6) glycosidic
residues [22]. B-Glucans, are also among the most abundant polysaccharides produced by several
bacteria, including Pediococcus and Lactobacillus species. B-Glucans of microbial origin usually
present B(1,3) a linear glycosidic chain core and B(1,4) side branches structures [23].

Differences in the core linkage, chain branching, molecular weight, and solution conformation
contribute to the different biological activity of B-glucans, which have been proven to possess
immune-modulating properties [24,25] and beneficial effects on obesity, cardiovascular diseases,
diabetes, and cholesterol levels [26-29]. Moreover, B-glucans have been shown to be highly
fermentable by the intestinal microbiota of caecum and colon, and could enhance the growth rate and
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the lactic acid production of microbes isolated from human intestine [8,30]. In this work, we examine
the effects of barley B-glucans on four Lactobacillus strains, evaluating growth capabilities and some
probiotic features, including tolerance to in vitro simulated oro-gastrointestinal (OGI) stresses.
In this regard, the potential influence of two different food matrices containing [-glucans,
i.e., B-glucans enriched pasta and barley flour, was studied. Furthermore, in vitro adhesion assays on
human intestinal cells were performed with and without B-glucans-containing matrices, in order to
understand whether barley B-glucans could improve the intestinal colonization ability of probiotics.

2. Results and Discussion
2.1. Food Matrices Containing p-Glucans Stimulate Bacterial Growth

In order to identify the prebiotic potential of barley B-glucans, the effects of two different
B-glucans-enriched matrices were investigated on reference probiotics, i.e., Lactobacillus acidophilus
LAS and Lactobacillus plantarum WCFS1, and strains of Lactobacillus plantarum CETC 8328 and
Lactobacillus fermentum CECT 8448, previously characterized [31,32]. The bacterial growth rate was
monitored both by optical density (ODgoo nm) (data not shown) and by CFU counting on agar plates
(Figure 1). CFU analysis provided the best method to monitor microbial growth as the presence of the
food matrix determined a considerable turbidity of the growth media that could bias spectrophotometric
analyses. The results showed that food matrices containing -glucans (B-glucans enriched pasta and
barley flour) stimulated the growth of the bacterial strains analysed to a greater extent than traditional
pasta and MRS alone.

The ability of B-glucans to influence the growth of microorganisms was strain-selective,
as a significantly higher stimulation was observed for L. plantarum WCFS1 and L. plantarum CETC 8328
than L. acidophilus LAS and L. fermentum CECT 8448. Furthermore, differences in growth were
observed on the different B-glucan enriched matrices. For example, the growth of L. fermentum CECT 8448
was only affected by barley flour rather than by B-glucans enriched pasta, while the growth of
L. plantarum WCFS1, L. plantarum CETC 8328 and L. acidophilus LAS, was positively influenced by
both barley flour and B-glucans enriched pasta. Interestingly, the growth rate of L. plantarum WCFS1
was much more improved by B-glucans enriched pasta than by barley flour, probably because of the
differences in the B-glucans availability due to food processing. In fact, prebiotic substrates comprise a
heterogeneous complex of molecules that can promote the growth and the activity of specific strains of
bacteria as they do not influence any metabolic activity of other microorganisms. Thus, the probiotic
strain considered, the type of prebiotic and their bioavailability, the manufacture processes, and the
solubility, polymerization and viscosity within the food matrix constitute variables that can be
determined to have the best potential synergy between prebiosis and probiosis [33—36]. Indeed, several
dietary carbohydrates, including B-glucans, were found unable to influence the growth of a range of
probiotic and intestinal bacterial strains belonging to Lactobacillus and Bifidibacterium genera [33].
However, considering the differences between B-glucans from cereals and those of microbial origin,
other authors reported a positive effect of B-glucans extracted from Pediococcus parvulus 2.6 on the
growth of L. plantarum, suggesting the utilization of such carbohydrates as a carbon source [37].
Likewise, commercially available B-glucans hydrolysate and [B-glucans concentrate from barley,
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have been shown to enhance the growth rate of Bifidobacterium animalis and Lactobacillus casei in a
basal culture medium, although the positive influence of B-glucans concentrate was lower than that of
B-glucans hydrolysate. The minor effect of B-glucans concentrate was likely correlated to the poor
solubility, reflecting the importance of the compound bioavailability within the matrix carrier [38].

Figure 1. Growth curves of L. plantarum WCFSI1, L. acidophilus LAS, L. plantarum
CETC 8328 and L. fermentum CECT 8448. Bacteria were grown in MRS and MRS
supplemented with different food matrices (not-enriched pasta, B-glucans enriched pasta
and barley flour). Values represent mean + standard deviation of three different experiments.
Statistical analysis was carried out by Student’s #-test and significant differences are
relative to MRS (positive control). * p < 0.005 for samples cultivated in MRS
supplemented with B-glucans enriched pasta; ° p < 0.005 for samples cultivated in MRS
supplemented with barley flour; © p < 0.005 for samples cultivated in MRS supplemented
with not-enriched pasta.
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Furthermore, cereal B-glucan-rich fractions obtained by debranning were showed suitable for lactic
acid bacteria as fermentable substrates to support their growth [30].

To sum up, we exposed four selected probiotic strains to different food matrices to investigate the
growth rate of bacteria. Our results, considering the complexity of the food matrix that contain proteins,
vitamins, minerals and also B-glucans (i.e., B-glucans enriched pasta and barley flour), indicated that
the food matrix containing B-glucans have a positive effect on the growth of the selected probiotic
strains compared to the not-enriched food matrix.
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2.2. Food Matrix Improves the Tolerance to Oro-Gastrointestinal Transit Simulation

All strains were exposed to an in vitro model mimicking the human OGI tract [38]. The ability of
L. acidophilus LAS, L. plantarum CETC 8328 and L. fermentum CECT 8448 to survive OGI stresses
is reported in Figure 2. The percentage of survival for L. plantarum WCFS1 is not shown,
as the ability of this strain to resist to OGI conditions was previously examined [39]. The bacterial
cultures were resuspended in saline solution, not-enriched pasta, B-glucans enriched pasta and barley
flour as carriers, with the aim to investigate the potential effects of the food matrix and B-glucans on
bacterial resistance to OGI stresses. Overall, the viability of all the analyzed bacterial strains was
negatively affected by saline solution. In particular, viability was significantly reduced under gastric
conditions (pH 3.0 and pH 2.0). Indeed, the percentage of survival was reduced by about 4 and 6 Log units
under pH 3.0 and 2.0, respectively, with no significant differences between the tested strains.
These findings are in agreement with those reported by several authors, according to whom the low pH
stress is usually the hardest obstacle for survival of probiotic bacteria [39—41]. When not-enriched
pasta was used as a carrier, the survival of all considered strains was less impaired, probably due to the
protective effect of such matrix. Specifically, we found a reduction of bacteria survival by around
2 Log units (L. acidophilus LAS) and 3 Log units (L. plantarum CETC 8328 and L. fermentum CECT 8448)
after gastric stress (pH 3.0). The subsequent acidic stress at pH 2.0, often considered the strongest
environmental challenge for probiotics, caused a decrease of cell survival of about 4-5 Log units.
In the presence of not-enriched pasta as a carrier, we observed reductions by 3 Log units for
L. plantarum CETC 8328 and 4 Log units for L. acidophilus LAS and L. fermentum CECT 8448,
thus indicating a greater tolerance to intestinal conditions (small and large intestine stresses).
We noticed a greater capability of probiotic strains to survive under stress conditions when B-glucans
enriched pasta was used as a carrier compared to saline solution, although no significant difference
was observed between not-enriched and B-glucans enriched pasta. Lastly, barley flour efficiently
protected microorganisms during the OGI simulated transit and this was particularly apparent under
acidic conditions at pH 3.0, with reduction of cell survival by 1 (L. plantarum CETC 8328),
1.5 (L. fermentum CECT 8448) and 3 Log units (L. acidophilus LAS). Overall, our results suggest that
food matrices enhance the tolerance of probiotics to the OGI transit, confirming results previously
reported by other authors [39,42,43]. Conversely, no significant influence on bacterial tolerance to the
tested OGI stresses could be attributed to B-glucans as the rates of survival were quite similar in barley
flour and in both types of pasta, regardless of the addition of such carbohydrates.

2.3. f-Glucans Stimulate Bacterial Growth after OGI Stress

The tolerance to OGI stresses is one of the most important attributes for probiotics, as are the
capability to colonize the intestine, to resume the metabolic activity and to exert beneficial action [43,44].
In this context, we investigated the recovery of bacterial growth after exposure to OGI tract simulation.
The differences of growth rate in relation to the diverse food matrices (not-enriched pasta, B-glucans
enriched pasta and barley flour) were examined and compared to the negative control (saline solution).
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Figure 2. Percentage of cell survival after in vitro oro-gastrointestinal tract simulation,
including oral M, gastric (pH 2.0 [J and pH 3.0 [X), and intestinal (small [l and large
intestine L) stresses conveying microorganisms in saline solution (negative control) and
three different food matrices (not-enriched pasta; B-glucans enriched pasta; barley flour).
Values represent mean + standard deviation of three different experiments. Statistical
analysis was carried out by Student’s #-test (* p < 0.05 and ** p < 0.005) and significant
differences are relative to OGI transit using saline solution as a carrier. Cell survival is
expressed as a percentage (in logarithmic scale) relative to the untreated control sample
(1.00 x 10* corresponds to 100%, 1.00 x 10° corresponds to 0.000001%).

L. acidophilus LAS

1.0x103
1.0x10? _
1.0x10!
g _
S 1oxi0*
>
5 1o0x10? £
=2
3 1.0x102
© % % L
1.0x10*
1.0x10°% t
1.0x10°%
A B [ D
L ox10? L. plantarum CETC 8328
Ux
1.0x10? .
1.0x10?
g
® 1.0x10° =
2
=
5 L0x107 .
3 Loa0® . -
1.0x10*
1.0x10°%
1.0x10¢
A B c D
1.0x10° L. fermentum CECT 8448
1.0x10? T
1.0x10% "
g
T 10x107 =
— ®
; 1.0x107% 3 )
T 1.0x10° - o
- *
1.0x10
1.0x10°%
1.0x10°
A B C D

Figure 3 shows the growth curves obtained by monitoring the CFU of bacterial cultures after the
entire OGI tract simulation. All the strains exposed to OGI simulation using both B-glucans enriched
pasta and barley flour as carriers exhibited faster growth after the stresses were removed. In all cases,
the higher growth rate meant a significant reduction of the latent phase compared to negative control.
In the case of L. plantarum strains WCFS1 and CETC 8328, the bacterial growth was positively
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affected by the two matrices containing B-glucans, with no significant differences between B-glucans
enriched pasta and barley flour. In contrast, we observed a minor effect on bacterial recovery when
not-enriched pasta was used. In the case of L. acidophilus LAS and L. fermentum CECT 8448,
we did not detect any significant variation between the growth rates of bacteria after the OGI
simulation either in presence of not-enriched pasta or B-glucans enriched pasta and barley flour.

Overall, these data suggest that the presence of B-glucans in the food matrices may promote the
recovery of probiotic growth, probably based on the selective metabolic utilization of B-glucans from
barley, especially by those bacterial strains belonging to L. plantarum species.

Figure 3. Growth curves of L. plantarum WCFSI1, L. acidophilus LAS, L. plantarum
CETC 8328 and L. fermentum CECT 8448, grown in MRS after exposure to
oro-gastrointestinal stresses using saline solution and different food matrix (not-enriched
pasta, B-glucans enriched pasta and barley flour). Values represent mean + standard
deviation of three different experiments. Statistical analysis (data not shown) was carried
out by Student’s #-test (see Results and Discussion section).
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2.4. p-Glucans Influence Probiotic Adhesion to Caco-2 Cells

Adhesion capability is one of the most important features of probiotic microorganisms as it
guarantees colonization, persistence, and proliferation of beneficial bacteria within the intestinal
environment of the host. The ability to adhere to human enteric Caco-2 cells was investigated for all
probiotic strains (Figure 4). Firstly, we analyzed the adhesion to Caco-2 cells using only the culture
cell medium (DMEM, positive control) and the percentages of adhesion were found to be around 9%,
6%, 16%, 17% for L. plantarum WCFSI1, L. acidophilus LAS, L. plantarum CETC 8328 and
L. fermentum CECT 8448, respectively. Subsequently, all strains were incubated with Caco-2 cells in
the presence of the different food matrices (not-enriched pasta, B-glucans enriched pasta and barley flour).
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The ability of L. plantarum WCFS1, L. acidophilus LAS, L. plantarum CETC 8328 and L. fermentum
CECT 8448 to adhere to intestinal cells in the presence of not-enriched pasta and B-glucans enriched
pasta was estimated around 8%, 1%, 5%, and 11% and 10%, 9%, 15%, and 11%, respectively. When
co-incubating probiotic bacteria and barley flour, the percentages of adhesion were approximately 8%,
6%, 5% and 15% for L. plantarum WCFSI1, L. acidophilus LAS, L. plantarum CETC 8328 and
L. fermentum CECT 8448, respectively. Therefore, our results suggest that the adhesion properties of
probiotic bacteria are strictly dependent on the food matrix. As reported in Figure 4, the presence of
food matrices determined a general decrease in the percentage of adhesion compared to control
condition. However, L. acidophilus LAS5 exhibited a greater ability to adhere when incubated with
B-glucans enriched pasta and barley flour rather than with traditional pasta and, for almost all strains,
the presence of B-glucans in the pasta seemed to ameliorate adhesion. A positive effect of B-glucans on
the adhesion of probiotic strains was also reported by others authors that observed a significant
enhancement of L. plantarum adherence to intestinal cells in the presence of purified B-glucans of
bacterial origin [37]. At the same time, the effect of the matrix type resulted to be quite strain
dependent, as differences were observed between the strains and the matrices used. For example,
L. fermentum CECT 8448 was the most adherent strain when not-enriched pasta and barley flour were
tested. By contrast, the highest adhesion level was exhibited by L. plantarum CETC 8328 when B-glucans
enriched pasta was used.

Figure 4. Adhesion of L. plantarum WCFSI1, L. acidophilus LAS, L. plantarum CETC 8328
and L. fermentum CECT 8448 to Caco-2 cells in the presence of DMEM medium (positive
control), not-enriched pasta, B-glucans enriched pasta and barley flour. Values represent
mean + standard deviation of three different experiments.
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The negative effect of the presence of a complex food matrix on microbial adhesion ability is in
agreement to previous studies. For instance, milk was reported to reduce probiotic adhesion to Caco-2
cells [45]. We speculate that pasta and flour matrices could interfere with the adhesion process by



Int. J. Mol. Sci. 2014, 15 3033

moderately preventing the probiotic-enterocyte contacts, probably because of the physical entrapment
of bacteria within the food substrate. Ouwehand and Salminen [45] suggested that the negative effect
of food matrix on probiotic-enterocyte interaction could depend on physical entrapment within the
matrix itself, on specific or non-specific binding to adhesins, or on the steric hindrance of adhesins
Moreover, B-glucans have been shown to form viscous solutions in water and in human intestine [46—48].
Although, such characteristics have been correlated to beneficial effects on serum cholesterol and
postprandial blood glucose levels for humans [47], viscosity could conceptually determine a partial
obstacle for probiotic bacteria to recognize the adhesion sites on the enterocyte surface. Interestingly,
the entrapment of probiotics within the food substrate could also account for the food protective effect
observed during the OGI simulation. Indeed, although the probiotic-food matrices combinations
resulted in a partial disadvantage for the adhesion to enterocytes, such combinations, on the other
hand, are likely to increase the percentage of microbial survival to OGI challenges, thus enhancing the
chance for them to reach the intestine in a viable and effective status.

3. Experimental Section
3.1. Bacterial Strains, Human Cells and Growth Conditions

The lactobacilli used in this work were L. plantarum WCFSI1, L. acidophilus LAS, described as
probiotic strains [49-52], and the riboflavin over-producing strains L. plantarum CETC 8328 and
L. fermentum CECT 8448, which were previously selected as spontaneous roseoflavin-resistant isolates
and characterized for having probiotic features [31,32]. The strains were propagated in de Man, Rogosa,
Sharpe (MRS, Oxoid, UK) (pH 6.2) and incubated at 30 °C. For L. acidophilus LAS5, MRS medium
was supplemented with 0.1% Tween and 0.05% L-cysteine (Merck, Darmstad, Germany) and
incubation was performed at 37 °C. Human adenocarcinoma colon cells (Caco-2) (Sigma-Aldrich, St. Louis,
MO, USA) were seeded at a concentration of 1.2 x 10* cells/well in 96-wells plates and grown in
Dulbecco’s Modified Eagle Medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented
with 10% (v/v) heat inactivated fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/mL penicillin and
100 pg/mL streptomycin, at 37 °C, in atmosphere containing 5% CO,. In order to obtain differentiated
and polarized enterocyte-like monolayers, Caco-2 cells were cultured for a period of 15 days, during
which time the supplemented medium was replaced three times per week. Twenty-four hours prior to
the adhesion assay, the growth medium was replaced with absolute DMEM, without any supplements.

3.2. Influence of Different Food Matrices on Bacterial Growth

Not-enriched pasta (control), B-glucans enriched pasta (3 g of B-glucans per 100 g of pasta, obtained
mixing flours of barley and durum wheat), and flour of barley (12 g of B-glucans per 100 g of flour)
were kindly provided by Granoro srl (Corato, Italy). Microorganisms were grown at their optimal
growth temperatures in MRS and in all the samples analyzed (see below). The bacterial growth was
monitored by optical density (ODggonm) (only for MRS medium) and by counting CFU on agar plates
(for MRS and all matrices).
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3.3. Oro-Gastrointestinal Tolerance Assay

Bacteria were cultured until they reached the mid-exponential phase (ODgpo nm 1, corresponding to a
concentration of 2-8 x 10® CFU/mL, according to the specific strain), then were centrifuged (2000% g,
10 min) and resuspended in three different carrier matrices: (i) NaCl 8.5 g/L; (ii) not-enriched pasta;
(ii1) B-glucans enriched pasta; and (iv) barley flour containing 12 g of B-glucans per 100 g of flour.
Pasta was weighed (20 g) (both control and enriched in B-glucans) and boiled in 200 mL of water for
10 min. Subsequently, the cooking water was eliminated and pasta was homogenized with 200 mL of
sterilized saline solution (NaCl 8.5 g/L) using a homogenizer with sterilized supports. Finally,
the homogenized pasta was further diluted with saline solution in order to have a final concentration of
33 mg/mL of pasta (corresponding to 1 mg/mL of B-glucans for the B-glucans enriched pasta matrix).
Similarly, 0.008 g/mL of barley flour were mixed and boiled in saline solution and then, under sterile
conditions, the final volume was adjusted in order to have a final concentration of 1 mg/mL of
B-glucans. The simulated gastrointestinal transit was performed as already described [39] but, in the
present study, only selected steps corresponding to the oral compartment, gastric sectors at pH 3.0 and 2.0
and subsequent intestinal stresses, i.e., small and large intestine, were considered. Dilutions from
control and treated samples of each strain were plated on MRS agar, CFU were counted and percent
survival was determined with respect to unstressed samples (positive control). After the entire
oro-gastrointestinal tract simulation, i.e., after the large intestine stress deriving from gastric
compartment at pH 2.0, samples were centrifuged (2000x g, 10 min), in order to remove the OGI
solutions, and appropriately diluted in fresh MRS. Microorganisms were grown 37 °C and growth was
monitored by counting CFU on agar plates.

3.4. In Vitro Adhesion Assay

Adhesion assays were performed on Caco-2 cell monolayers according to Russo et al [37].
All bacterial strains were cultured until they reached the mid-exponential phase (ODgo nm 1), then were
centrifuged (2000x g, 10 min) and resuspended in (1) absolute DMEM; (i1)) DMEM supplemented with
not-enriched pasta; (iii) DMEM supplemented with B-glucans enriched pasta; and (iv) DMEM added
with flour of barley. The final concentrations of each supplemented matrix were the same as the
previous trials. Microorganism and Caco-2 cells (ratio 1000:1) were co-incubated for 1 h, at 37 °C,
with 5% CO,. The percentage of adhesion by lactobacilli was determined by plating serial dilutions of
the bacterial suspensions from control and test wells on MRS agar and subsequent CFU counting [37].

3.5. Statistical Analysis

Data were analyzed by Student’s #-test using the IBM SPSS Statistics 21.0 software program
(IBM, Armonk, NY, USA). p <0.05 and p < 0.005 were considered as statistically significant.

4. Conclusions

In conclusion, we found that B-glucans from barley were able to improve the growth rate of the
tested probiotic bacteria both in unstressed conditions and more importantly after exposure to in vitro
digestive tract simulation, with a selective influence on L. plantarum species. Notably, the stimulation of
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metabolism of beneficial microorganisms, as well as the selectivity, is one of the key features claimed
for prebiotic food products. Considering that when probiotic bacteria are ingested, they have to pass
through the entire human digestive tract, specific strains that tolerate low pH, bile salts, and digestive
enzymes well, are strongly preferred to be used as probiotics. In this context, we reported that food
matrices, including those containing B-glucans, enhanced the oro-gastrointestinal stress tolerance by
probiotic strains. Although survival in the OGI transit, as determined by CFU analysis, was
substantially unaffected by the presence of B-glucans in the carrier matrix, it is interesting to note that
growth recovery after such stresses was, for some specific strains, significantly faster when
B-glucans-containing matrices were used. By analyzing the influence of the different food-matrices on
probiotic adhesion, we found that they generally affected the probiotic-enterocytes interaction in a
negative way. However and interestingly, the adverse influence on adherence ability was alleviated
when B-glucans-containing matrices were used, i.e., barley flour and enriched pasta.

The ability of microorganisms to produce exopolysaccharides, such as B-glucans, was presented to
be a desirable characteristic as it contributes to enhance bacterial survival and increase the concentration of
microorganisms that can reach and colonize the intestine [37,40,45]. However, probiotics do not
always themselves produce adequate amounts of B-glucans. Therefore, the preparation of prebiotic
food formulations specifically enriched in B-glucans should gain considerable attention, consistent with
a positive effect of B-glucans on food vehicled-probiotics and on the human microbiota composition.
Clearly, the development of B-glucans-containing food as a suitable vehicle for friendly microorganisms,
might even utilize their probiotic performances. Obviously, because food processing, including
cooking, freezing, drying, and storing, could modify molecular weight, solubility, polymerization,
viscosity and extractability of B-glucans within the food matrix, and, consequently, their correlated
biological activities [33-36], it becomes crucial to better investigate the link between B-glucans,
food substrate, manufacture processes and storage, to find and select the best conditions that enable
and improve the prebiotic effects of such compounds.
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