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SIGNIFICANCE AND IMPACT OF THE STUDY
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Bacteria genera found in the gut. The evaluation of AX extracts as a food supplement in a
murine model could confirm their ability to modulate the microbiome. Novel food prototypes
including AX and probiotics could relieve local symptoms and may act as psychobiotics with

a beneficial effect on microbiome-brain axis.

ABSTRACT

Arabinoxylans are part of dietary fiber and have received attention given their emergent
prebiotic character. Four arabinoxylans extracts were obtained from Argentinian soft and
hard wheat. In vitro assays were performed to describe the extent to which the extracts from
whole wheat flour support selective growth of Bifidobacterium breve and probiotic
Lactobacillus reuteri ATCC23272 in a defined media. The prebiotic effect was evaluated by
three quantitative scores: relative growth, prebiotic activity score and prebiotic index. For
prebiotic index equation the growth of Bacteroides and Clostridium strains was compared to
that of bifidobacteria and lactic acid bacteria. All the arabinoxylans extracts supported the
growth of Lactobacillus and Bifidobacterium, reaching higher prebiotic activity score values
than inulin (0.37 and 0.36 for Lactobacillus and Bifidobacterium, respectively). AX2 from soft
wheat and AX4 from hard showed similar prebiotic index value to commercial inulin (2.64,
2.52 and 2.22, respectively), and AX3 extract presented higher prebiotic index value (4.09)
than the positive control and other prebiotic index reported for arabinoxylans. These extracts
could be used as prebiotic, synbiotic compositions or novel food prototypes to treat dysbiosis

associated with many diseases.
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INTRODUCTION
Arabinoxylans (AX) are the main non-starch polysaccharides in cereal cell walls and are part
of dietary fiber. AX are classified according to their solubility in water extractable (WE-AX)

and water unextractable (WU-AX). AX are formed by xylose chains (Xyl) bonded by 8 1-4
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bond, substituted by arabinose units (Ara) bonded by 1a-2 and 1a-3 bonds along the xylose
chain.

The development of prebiotic therapies has become an interesting strategy for the
amelioration of dysbiosis associated with several diseases. The modulation of beneficial
bacteria can result in a regulatory effect not only locally but also at the immunological or
neuroendocrine levels (Salvucci, 2016; Davis, 2016; Sarkar et al., 2016). Moreover, it
impacts on the central nervous system, modifying levels of neurotransmitters and
neurotrophins (Zhou and Foster, 2015; Bindemann and Ali, 2018).

The prebiotic effect on the intestine can be evaluated by the proliferation of lactobacilli and
bifidobacteria. The bifidogenic and growth-promoting effect of probiotic strains is desirable in
the search of synbiotic supplements and novel food prototypes. For instance, the
development of a formula milk for infants who cannot be breastfed or a prebiotic supplement
to treat adult dysbiosis where the bifidogenic effect can exert a metabolic change and
alleviate symptoms are novel applications of prebiotics and probiotics. In addition, the effect
of prebiotic and probiotics on microbiome-brain axis opens the possibility of developing
“psychobiotics” to confer mental health benefits (Sarkar et al., 2016).

The aim of this work was to determine the in vitro prebiotic activity of WE-AX extracts
obtained from whole wheat flours. The relative growth, prebiotic activity score and prebiotic
index was calculated using Lactobacillus reuteri ATCC23272, Bifidobacterium breve 286,
Bacteroides fragilis 6292 and Clostrodium perfringens 4168 strains. These indexes are
valuable tools to estimate the ability to modulate microbiome and to define forthcoming in
vivo assays. The correlation between these parameters and WE-AX sugar composition was

also assessed.

RESULTS AND DISCUSSION
The WE-AX content, sugar composition and the ratio Ara/Xyl of each extract are shown in
Table 1. The content of WE-AX varied from 39 to 58% and all the extracts exhibited greater

amounts of xylose (Xyl) than arabinose (Ara) residues. Significant differences between AX2
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and the other samples were observed. Extracts from AX2 showed the highest Ara/Xyl ratio.
Saulnier et al. (2007) also reported values of xylose similar as the values found in this work
(20.8 g 100 g™ of AX extract) and a ratio of Ara/Xyl of less than 1 in samples extracted from
wheat bran, refined and whole wheat flour. Zhou et al. (2010) and Barron et al. (2007) also
found similar values of Ara/Xyl. The AX4 showed a high glucose content, unlike the other
extracts.

Figure 1 shows the relative growth ratio (RG) of probiotic L. reuteri ATCC23272 after a 24 h
incubation period in a semidefined broth that contained AX extracts and commercial inulin
RG as carbon source, respectively. The growth of the probiotic strain in all cases was higher
with AX than the growth with glucose. RG was higher than 1 and reached 1.2 with AX3.
Bifidobacterium breve 286 grew efficiently in this semidefined media plus AX. The values
were higher than those obtained with commercial inulin. Moreover, the RG at 24 h for these
AX extracts were higher than previous reports for inulin extracts (Rubel et al., 2014).
Differences in growth promotion between samples can result from structural differences.
WE-AX extracts with lower Ara/Xyl ratio showed the highest Lactobacillus growth, however
no significant correlations between Ara/Xyl ratio and RG, prebiotic activity or prebiotic index
were observed. Other characteristics such as WE-AX molecular size or degree of
polymerization or substitution could be influencing the prebiotic capacity of extracts. These
structural differences in AX from wheat affect the ability of bacteria to degrade it.
Fermentation by bifidobacteria, clostridia, bacteroides and lactobacilli differed with the
oligosaccharide structure (Toole et al., 2011; van den Abeele, 2013; van Laere et al.,1997).
This first parameter of prebiotic activity showed that with all of the AX extracts, RG of both
probiotic bacteria, L. reuteri ATCC23272 and B. breve 286, were equal or greater than the
positive control (Figure 1). These results show the ability of these probiotic bacteria to
metabolize AX efficiently. It is known that Bifidobacterium can metabolize AX and the
genomic analysis revealed that this ability is strain-dependent. There are reports of

extracellular enzymes involved in AX degradation (Riviere et al., 2014).
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The PAS was calculated for L. reuteri, B. breve, C. perfringens and B. fragilis (Table 2). PAS
obtained with commercial inulin and the four AX extracts using Bifidobacterium and
Lactobacillus strains are shown in Figure 2. Higher PAS indicate higher relative growth of the
probiotic and/or lower relative growth of the enterobacteria. In any of these cases, the
prebiotic is more selectively used in relation to glucose by the probiotic microorganism or
enterobacteria shows a limited use of the prebiotic in relation to glucose (Rubel et al., 2014).
The values reported were all equal or greater than inulin with B. breve 286 and L. reuteri
ATCC23272, except for AX2 (Figure 2). AX1 exhibited similar values than inulin in both
probiotic strains. AX3 and AX4 from hard wheat showed significant higher PAS than inulin
for both strains. AX extracts from hard wheat showed higher PAS than inulin for L. reuteri
and B. breve. These differences could be attributed to structural heterogeneity of AX. It is
known that wheat varieties show diversity in AX structure from low-substituted AX to almost
entirely of highly substituted AX (Toole et al., 2011). It has an impact on the solubility of AX
and the ability of bacteria to degrade them (Riviére et al., 2014).

The PI takes into account the growth not only of both probiotic strains but also of B. fragilis
and C. pergringens. This allows the quantification of the prebiotic effect, given a more
precise index than evaluations that are solely qualitative and based on the growth of key
bacterial groups during fermentation (Palframan et al., 2003). It is a more accurate index
since it considers not only the bifidogenic effect but also the growth of non-probiotic strains.
The PI for AX2 and AX4 showed a similar value to commercial inulin (2.22) (Table 2). AX3
exhibited a higher value than inulin and other PI reported for AX (Vardakou et al., 2008). The
highest PAS for Lactobacillus and the highest Pl were obtained with

hard wheat-derived AX3. AX1 showed the lowest PI since it supported the highest growth of
B. fragilis. Vardakou et al., 2008 obtained a Pl of 1.15 and 2.42 for AX treated and untreated
with xylanase, respectively (Figure 3). In our study Bifidobacterium was able to ferment AX
extracts as was observed previously (van den Abbeele et al., 2011a , van den Abbeele, van

de Wiele and Possemiers, 2011b).
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These PI values for AX2, AX3 and AX4 are higher than those reported for commercial
fructooligosaccharides and galactooligosacharides (Palframan et al., 2003). AX1 from soft
wheat flours with lower concentration of pentosans exhibited the lowest Pl (Figure 3).

The success of AX extracts in producing a growth increase of B. breve is similar or better
than the effect observed with inulin (Grootaert et al., 2009; Rubel et al., 2014). These results
confirm the efficacy of AX and support its effect as a prebiotic (Grootaert et al., 2009; van
den Abbeele et al., 2011a). The combination of AX with Bifidobacterium strains is a
possibility to develop innovative milk formulas for infants that cannot be breastfed.

L. reuteri ATCC23272 produces reuterin, an antimicrobial that protects from pathogens, and
histamine with anti-inflammatory effect (Cadieux et al., 2008). Moreover, it has shown the
ability to reduce the incidence of necrotizing enterocolitis by 50% in a well-defined animal
model (Navarro et al., 2017). The AX extracts evaluated in this work demonstrate that they
can support the growth of this probiotic. These results suggest the possibility to combine AX
with the probiotic strain in a synbiotic formula to enhance their effects at the gastrointestinal
level.

The incorporation of total bacterial numbers in the Pl becomes important because it is
impossible to routinely enumerate all the bacterial groups resident in the human colon. It
may well be the case that a large increase in bifidobacteria is observed in a prebiotic study
together with an increase in unrecognized and less beneficial bacterial groups that are not
enumerated. Bacterial groups of interest are therefore identified according to whether or not
strain growth is beneficial.

Lactobacilli, bacteroides and clostridia non-pathogen strains are specialized in the
degradation of complex carbohydrates. They play an important role in carbohydrate
metabolism because of their strain-dependent ability to produce a wide range of
depolymerizing enzymes (Grootaert et al., 2007). When fermenting dietary fibers in colon,
bifidobacteria produce SCFA that decrease the pH of the intestine and negatively affect the
growth of potentially pathogenic bacteria (Li et al., 2015). They also have the ability to

produce vitamins and exert beneficial effects like immune stimulation, reduction of intestinal
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transit time, decrease of serum cholesterol levels, among others (van der Meulen et al.,
2016).

B. fragilis has endoxylanase activity and arabinosidases that allow to degrade AX. The high
values of PAS obtained for this strain can be explained by this ability. The increase in
Bacteroides would not be an undesirable result since this group with its endoxylanase
activity produces oligosaccharides that are metabolized by Bifidobacterium strains.
Furthermore, the increase in Bacteroides was associated with the production of beneficial
SCFA (De Filippo et al., 2010). The main effect of dietary fiber such as AX on microbiome is
associated with anti-obesity effect due to the synergistic effect of promoting Bacteroides and
Bifidobacterium growth. The production of SCFA and their effect on gut barrier maintenance
reduces the risk of endotoxemia and inflammation. L. reuteri ATCC23272 has shown anti-
inflammatory effects. The combined effect of AX and anti-inflammatory probiotics opens the
possibility to develop novel food prototypes with prebiotic applications.

In conclusion, AX extracts obtained from different varieties of Argentinian wheat showed a
potential prebiotic effect validated with three different parameters that consider the growth of
representative strains of Bacteria genera found in the gut. AX obtained from hard wheat
varieties has a prebiotic effect and shows better values than commercial inulin. We showed
that AX extracts promote efficiently the growth of probiotic strains L. reuteri ATCC23272 and
B. breve 286.

Forthcoming evaluation of AX extracts as a food supplement in a murine model could
confirm their ability to modulate the microbiome. This will allow to evaluate the extent to
which the bifidogenic capacity and L. reuteri growth-promoting properties can alleviate
symptoms of different diseases related to microbiome dysbiosis. Novel food prototypes
including AX and probiotics could relieve local symptoms and may act as psychobiotics with

a beneficial effect on microbiome-brain axis.
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MATERIALS AND METHODS

Raw material

Nine hard wheat cultivars: Cronox, Klein Yarara, Klein Guerrero, Aniversario 75, Biointa
3004, Baguette 11, ACA 315, ACA 320, LE 2330 and 12 experimental lines of soft wheat
(PM 647, 650, 663, 673, 679, 681, 682, 686, 687, 690, 691 and 692) (INTA Marcos Juarez,
Cordoba, Argentina) were selected for WE-AX extraction. The cultivars of hard wheat bread
were those most widely cultivated in Argentina during the last three seasons. Experimental
lines of soft wheat were selected by cookie quality (Moiraghi et al., 2011). The grains were
conditioned to a moisture content of 15 % and ground in a roller mill without sieves.

Wholemeal flours were stored at -20°C to avoid lipid degradation.

Extraction of water-soluble arabinoxylans (WE-AX)

Four groups were formed according to the content of soluble pentosanes measured
following Orcinol — HCI method (Hashimoto et al., 1987) in the flours from different
genotypes. AX 1: soft wheats with a WE-AX concentration of less than 0.7 % (w/w) (PM 663,
PM 681, PM 673); AX 2: soft wheats with a WE-AX concentration greater than 0.7 % (w/w)
percentage in dry weight) (PM 682, PM 650); AX 3. hard wheats with a WE-AX
concentration of less than 0.7 % (w/w) (Cronox, ACA 320, Baguette), and AX 4: hard wheats
with a WE-AX concentration greater than 0.7 % (w/w) (Klein Guerrero, Klein Yarard).

The water-soluble AX extraction technique was set up following the methodology of Buksa et
al. (2010). The yields obtained (between 1.09 and 1.89 %) correspond roughly to the content

of AX in the samples.

Characterization of arabinoxylan extracts

25 mg of WE-AX were hydrolysed with 2 mL of 2 mol I* TFA for two h at 100 °C. The
hydrolysate was centrifuged at 2000 g for five min. 3.4 mL of distilled water was added to 1.6
mL of the supernatant and neutralized with Na,COs. The obtained solution was filtered with a

pore size of 22 um, and the samples were injected into the HPLC. A column of Supelco Ca,
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at 80 °C, with water as the mobile phase and a flow of 0.5 mL min™ with a RID detector was
used. The samples were processed in duplicate. A calibration curve was made for
arabinose, xylose and glucose with SUPELCO standards (Monosaccharide Kit 47267)

treated in the same way as the samples.

Strains and media

Lactobacillus reuteri ATCC23272, Bifidobacterium breve 286 (ICYTAC), Bacteroides fragilis
6292 and Clostrodium perfringens 4168 (Microbiology Section, Hospital Aleman) were grown
in MRS media. Escherichia coli ATCC25922 were grown in Brain Heart Infusion (BHI) broth.
For prebiotic effect assays, a semi-defined medium was used based on Vernazza et al.
(2005) and Zhang et al. (2013): peptone 0.15 % (w/v); yeast extract 0.2 % (w/v); K,HPO,
0.004 % (w/v); KH,PO, 0.004 % (w/v); MgSO,.7H,0 0.004 % (w/v); NaHCOj3; 0.02 % (w/v);

Tween 80 0.2 % (v/v); bile salts 0.05 % (w/v); CaCl 0.001 % (w/v).

Prebiotic effect

The test was carried out following the method of Huebner et al., (2007) with modifications. 1
% (w/v) glucose or 1 % (w/v) of the AX extracts (Riviére et al., 2014; Rubel et al., 2014) was
added to semidefinite broth. It was inoculated with 1 % (v/v) of an overnight culture of each
of the strains. Cultures were incubated at 37 °C under anaerobic conditions in the case of B.
breve, C. perfringens and B. fragilis, and under aerobic conditions for L. reuteri and E. coli.
At 0 and 24 h of incubation, CFU mL™ counts of each of the inoculums were made using
MRS agar in all cases, except for E. coli that were seeded on BHI agar. They were
incubated for 24 h at 37 °C. Each assay was performed in duplicate and commercial inulin

was included as a positive control.
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Relative growth (RG) and prebiotic activity score (PAS)

The RG was calculated by comparing the growth of the same strain incubated in the medium
with glucose and in the one supplemented with the AX, according to this equation: RG=
(AX24-AX0)/(G24 — G0). Where AX24 and AXO0 = bacterial number after 24 and 0 h in the
medium with AX and G24 and GO = bacterial number after 24 and 0 h in glucose medium.
The PAS was determined using the equation from Huebner et al., (2014) that is based on
RG of the probiotic strain relative to the RG of the enteric bacteria E. coli. If the AX has
prebiotic activity, it will increase the growth of the probiotic bacteria, B. breve and L. reuteri
ATCC23272, in relation to their growth in the same culture medium but supplemented only
with glucose. That growth, in turn, must be greater than the enterobacteria strain, which is

not fermenting the prebiotic compound.

Prebiotic index (PI)

The Pl was calculated according to Palframan et al (2003). The equation was Pl=
(Lact/Total) — (Bact/Total) + (Bif/Total) — (Clost/Total), where Lact, Bact, Bif and Clost are
CFU of each strain (L. reuteri ATCC23272, B. fragilis 6292, B. breve 286 and C. perfringens
4168, respectively) as a function of the total CFU. If a bacterial group shows a greater
relative increase than does the total bacterial population, a Pl >1 is obtained if the relative

increase is lower than the total bacterial increase Pl <1 is obtained.

Statistical analysis

Analysis of variance (ANOVA) was performed to determine statistical significance of the
observed differences (Infostat software). Pearson correlation coefficient was calculated to
determine the relationship between the sugar composition of the extracts and their prebiotic

behaviour.
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Table 1. The WE-AX content and the ratio Ara/Xyl

Extract WE-AX%  Xyl(mgg') Ara(mgg’) Glu(mgg?) Ara/Xyl
AX1 (39+2)*  (227+£8)® (107+2)* (1.6+0.1)* (0.47+0.04)°
AX2 (58 +4)° (167+£3)%  (109+1)* (1.0+0.1)® (0.64+0.02)°"
AX3 (45+3)° (283+2)°  (115+2)® (44.7+0.5)° (0.41+0.01)°?
AX4 (44 +1)° (300+9)° (150+7)° (247+7)°¢  (0.50+0.01)?

Ara=Arabinosa, Xyl= Xylose, Glu= Glucose and Ara/Xyl= Arabinose/xylose ratio. Samples

with a common letter in the same row are not significantly different (p= 0.05).

Table 2. The WE-AX Prebiotic Activity Score and Prebiotic Index

Carbon source

Strain

Inulin

AX 1

AX 2

AX 3

AX 4

Y
o
Clostridium (0.21+0.09) (0.15+0.01) (0.15+0.01 (0.07+0.00) (0.15+0.01) g
=
a a )a a a a
<
Bacteroides  (0.41+0.02) (0.61+0.02) (0.39+0.03 (0.52+0.03) (0.51+0.03) <
[%2]
a b )a ab ab 8-:
D
Lactobacillus ~ (0.18+0.01) (0.17+0.01) (0.06+0.00 (0.37+0.02) (0.27+0.02)
ab ab )a c bc
Bifidobacteriu  (0.28+0.01) (0.23+0.02) (0.25+0.02 (0.36+0.02) (0.33+0.01)
m a a )a a a
Prebiotic (2.61+0.02) (0.06+0.00) (2.64+0.03 (4.09+0.03) (2.52+0.02)
Index b a )b c b

Means values for the same bacterium with a common letter in the same row are not

significantly different (p= 0.05).
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Figure 1. Relative growth ratio of L. reuteri ATCC23272 and B. breve 286
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Relative growth ratio of L. reuteri ATCC23272 (black) and B. breve 286 (gray) with
different AX-rich carbohydrate samples (AX1, AX2, AX3, AX4) and commercial inulin.

Means values with a common letter are not significantly different (p= 0.05).
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Figure 2. Prebiotic activity score (PAS) for B. breve 286 and L. reuteri ATCC23272
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Prebiotic activity score (PAS) calculated for the different substrates for B. breve 286
(gray) and L. reuteri ATCC23272 (black). Means values for the same bacterium with a

common letter are not significantly different (p= 0.05).
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Figure 3. The WE-AX Prebiotic Index scores
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Prebiotic Index scores from batch culture fermentation of 1% test AX samples and inulin.

Means values with different letters are significantly different.
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