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Abstract

Background: The influence of B-glucan on the human gut microbiota is closely related to the physicochemical
structure of B-glucan. We purified a homogeneous water-soluble polysaccharide from Tibetan hull-less barley 25 and
studied its structure and the in vitro fermentation profile.

Results: Analysis by gas chromatography (GC), Fourier-transformed infrared (FT-IR), nuclear magnetic resonance
(NMR), scanning electron microscopy (SEM), and atomic force micrograph (AFM) helped determine the hull-less
barley polysaccharide to be a 8-glucan (molecular weight: 3.45 x 10* Da), which was further characterized as mixed-
linkage (1 — 3)(1 — 4)-linked B-p-glucans. SEM images demonstrated an intricate web structure of the hull-less barley
polysaccharide, while the AFM images revealed the presence of small spherical particles in its structure. In addition,
the microbiota composition of the hull-less barley polysaccharide group was found to be altered, wherein the abun-
dance of Pantoea, Megamonas, Bifidobacterium, and Prevotella-9 were increased. On the other hand, in vitro fermenta-
tion revealed that hull-less barley polysaccharide significantly decreased the pH value and increased the production
of acetate, propionate, and butyrate.

Conclusions: Hull-less barley polysaccharide is a type of dietary fiber, and its analysis suggested that it may serve as a

prebiotic food supplement for the regulation of the gut microbiota.
Keywords: Tibetan hull-less barley 25, Neutral polysaccharide, Structural characterization, Gut microbiota

Background

Hull-less barley (Hordeum vulgare L. var. nudum
Hook.f), also known as Qingke in China, is a princi-
pal food crop that is widely cultivated across the Qing-
hai-Tibet Plateau [1]. Hull-less barley is an excellent
source of dietary fiber (both soluble and insoluble), in
which the S-glucan content usually accounts for 4-8%
[2]. The structure of S-glucan derived from different
origins has been investigated, including f-1,3-glucan
(natural yeast), 5-1,6-glucan (mushrooms), and (1— 3)
(1— 4)-p-glucan (barley, oat and rye) [3, 4]. In addition,
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the molecular weight (MW) of S-glucan in different crops
varies; for example, it is 31-2700 x 10> Da in barley,
65-3100 x 10% Da in oat, 21-1100 x 10> Da in rye, and
209-487 x 10° Da in wheat [5]. Recently, much attention
has been focused on 5-glucan owing to its several benefi-
cial properties, such as in reducing the cholesterol levels,
lowering the glycemic response, enhancing immunity,
and aiding in the absorption of minerals in humans [5-7].
B-Glucan has also been associated with a prebiotic effect
owing to its resistance to digestion (it cannot be broken
down by the human digestive enzymes) and absorption in
the upper intestinal tract, which provides a source of car-
bon to the gut microbiota within the distal intestinal tract
region [8, 9].
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Human gut microbiota inhabit the human gut, which
is composed of approximately 1000 bacterial species,
comprising approximately 3 x 10° genes [10, 11]. Gut
microbiota is also known to exert multiple physiological
functions. For example, it plays a role in energy captur-
ing and storage as well as in protective functions against
invasion by pathogenic microorganisms [12, 13]. Sev-
eral factors strongly influence the composition of the
gut microbiota. Past researches on the gut microbiomes
among the human populations have revealed that the
age, geography, and kinship play important roles in shap-
ing the gut microbiota, while the diet also strongly influ-
ences the composition and functional abilities of the gut
microbiota [14, 15]. In the recent years, the incorporation
of dietary fibers has been proposed as a dietary approach
that influences the diversity of the human gut microbi-
ota [16]. 5-Glucan, which is a type of dietary fiber, can
pass through the upper intestinal tract without being
broken down [9]. A variety of complementary enzymes
with diverse specificities are produced by the human gut
microbiota, which enables depolymerization and fermen-
tation of the dietary fibers into short-chain fatty acids
(SCFAs) [9, 17]. Moreover, the physicochemical proper-
ties of 3-glucan are affected by their origins and they are
related to the fermentation capacity of the gut microbiota
[13, 18]. Cantu-Jungles et al. revealed that (1 — 3)-linked
B-D-glucan has faster fermentation characteristics than
those of branched (1— 3), (1— 6)-linked -D-glucan,
which can directly promote the butyrogenic Clostridium
cluster XIVa bacteria [13]. The different MW also result
in different fermentation profile. A previous study has
showed that the low-MW (150 kDa) of barley f5-glucan
can stimulate the abundance of Bifidobacteria, while
medium-weight barley (530 kDa) S-glucan can reduce
the Lactobacillus population in hypercholesterolemic
rats [19].

The microbial composition and activity are influenced
by the type of f-glucans that escape from the upper
intestinal tract digestion [19, 20]. However, only little
is known about the fine chemical structure of Tibetan
hull-less barley 25, and its effect on the gut microbiota
is also not well-established in vitro. Thus, the purpose of
the present work was to purify and characterize hull-less
barley polysaccharide (HLBP) from the Tibetan hull-less
barley 25. Furthermore, the effects of HLBP on the pH
change, production of SCFAs, and the composition of gut
microbiota were studied via in vitro feces fermentation.

Materials and methods

Materials and reagents

Tibetan hull-less barley 25 was obtained from the Tibet
Autonomous Region Academy of Agriculture and
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Animal Husbandry. Pancreatin from porcine was pur-
chased from Sigma-Aldrich Corp. (St. Louis, USA) and
SCFAs (acetic, butyric and propionic acids) standards for
gas chromatography (GC), D-glucose, Sepharose 6B and
DEAE-Sepharose Fast Flow were obtained from Shanghai
Yuanye Bio-technology Co. Ltd. (Shanghai, China). All
other reagents used in this experiment were of analytical
grade and purchased from Shanghai Chemicals and Rea-
gents Corp. (Shanghai, China).

Extraction and purification of barley polysaccharides

The polysaccharides obtained from the Tibetan Hull-Less
Barley 25 were prepared using the method described by
Maheshwari [21] with some minor modifications. Briefly,
the Tibetan Hull-Less Barley 25 was ground in a grinder
to pass a 0.18-mm screen. The polysaccharides (named
as purified HLBP) from the ground barley powder were
then extracted and purified by using the DEAE-Sepha-
rose Fast Flow and Sepharose 6B columns, as illustrated
in Fig. 1.

MW analysis
According to a previous report [22], the MW of the puri-
fied HLBP was determined on the 1260 Infinity Liquid
Chromatography (Agilent Technologies Inc., Wilming-
ton, DE, USA) equipped with the TSKgel G5000PW XL
column (7.8 x3000 mm; TOSOH CORPORATION,
Japan) and the Agilent 1260 refractive index detector.
Briefly, ultrapure water was used as the flow phase
(flow rate 0.5 mL/min) in which the purified HLBP was
dissolved at a concentration of 1.0 mg/mL. The column
temperature was kept at 30 °C and the injection volume
used was 10 pL.

Fourier-transformed infrared (FT-IR) spectroscopy

The purified HLBP was ground with KBr pellet and then
compressed into lens. The FT-IR spectra were recorded
on the Bruker Vetex70 FT-IR instrument (Bruker, Ger-
many) within the frequency range of 4000-400 cm™*
[23].

Monosaccharide composition analysis

The monosaccharide composition analysis of purified
HLBP was performed by using the method of Wang
et al. [24]. This method involves the use of chroma-
tography (Shimadzu 2014C, Japan) equipped with the
DB-17 column (30 m x 0.25 mm ID, 0.25-pm film thick-
ness; Agilent, USA). Rhamnose, fructose, arabinose,
mannose, glucose, xylose, galactose, glucuronic acid,
and galacturonic acid were used as the monosaccharide
standards.
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NMR spectroscopy

The purified HLBP (20 mg) was dissolved in 500 pL
deuterium oxide (99.9%), and the solution was trans-
ferred into a nuclear tube. The NMR spectra of 'H, *C
and HSQC were acquired at 600 MHz with the Brucker
AVANCE III Spectrometer [25].

Microscopic morphology analysis

Micromorphology of the purified HLBP was studied by
SEM and AFM. Briefly, the freeze-dried sample was glued
onto the aluminum stubs, which was then coated with
gold [26]. The morphological features of purified HLBP
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were observed under SEM at an accelerating voltage of
10 kV (Multimode-8; Bruker, USA).

The polysaccharide solution (1 pg/mL) was prepared
with distilled water. Then, 10 pL of the diluted polysac-
charide solution was deposited on smooth mica for
drying at the room temperature. The AFM images of pol-
ysaccharides were acquired with a scanning probe micro-
scope (Multimode-8; Bruker, USA) in the tapping mode
[27].

In vitro fecal fermentation of HLBP

The in vitro fermentation of crude HLBP by human feces
was conducted as described previously [13, 28]. Briefly,
the samples were pooled from 3 healthy donors (1 male
and 2 females, aged: 20-35 years) who had not received
any antibiotics since the last 3 months, and immedi-
ately mixed with sterilized 0.1 M phosphate buffered
saline (pH 7.2) to produce a 10% (w/v) fecal suspen-
sion. The basal nutrient growth medium was conducted
as described by Xie et al. [29]. The fecal slurry (1 mL)
was inoculated with the basal nutrient growth medium
(9 mL) to afford the final concentration of HLBP reaching
10.0 mg/mL, while considering the basal growth medium
(without HLBP) as the blank group. The samples were
then incubated in an anaerobic culture (Anaero Pack Sys-
tem, Mitsubishi Gas Chemical Co., Inc., Japan) at 37 °C
for 0, 6, 12, and 24 h (the HLBP group and the blank
group share 0 h samples) [28]. Each experiment was per-
formed in triplicate (totaling 21 fermentation samples).

Analysis of the gut microbiotas

The 16S rDNA Sequencing was conducted based on a
few previous studies [30, 31]. The bacterial DNA of each
sample was isolated using the NucleoSpin 96 Soil Kit
(Macherey-Nagel, Duren, Germany). Then, the V3-V4
region of the primer [(forward) 5'-ACTC CTAC GGGA
GGCA GCA-3’ and (reverse) 5'-GGAC TACH VGGG
TWTC TAAT-3’ with dual-index barcodes] of bacte-
rial 16S rDNA gene was amplified. Following qPCR
purification and quantification, the PCR products were
sequenced on the Illumina HiSeq 2500 platform and
analyzed by QIIME (version 1.8.0) in accordance with
the protocols of the Biomarker Technologies Company,
Ltd. (Beijing, China). After splicing (FLASH v1.2.7) and
filtering (Trimmomatic v0.33), a total of 1 702 069 clean
tags were obtained. The chimeras were checked and
removed by Uchime v4.2 to obtain effective tags. USE-
ARCH v10.0 was performed to cluster the effective tags
into operational taxonomic units (OTUs) on the basis of
97% sequence similarity threshold. Shannon index, PCA,
taxonomic composition, heatmap, and LEfSe analysis
were generated using Mothur, Metastats, and R package.
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Determination of SCFAs and pH

To quantify the SCFAs contents, 400 pL of the aliquots
of the fermented samples were combined with 1600 uL
of distilled water. H,SO, (50%, w/w) was added to pro-
tonize the SCFAs, which were then extracted with 2 mL
of diethyl ether at 4 °C for 30 min. The mixed solution
was centrifuged at 12,000 rpm for 5 min, and the super-
natant (2 uL) was loaded on GC (Shimadzu GC-2014C;
Shimadzu Corporation, Japan) equipped with the DB-
FFAP Capillary column (30 m x 0.25 m x 0.25 mm; Agi-
lent Technologies Inc., Wilmington, DE, USA). The initial
temperature was held at 50 °C for 1 min, then ramped to
120 °C at the speed of 15 °C/min, to 170 °C at the speed
of 5 °C/min, to 220 °C at the speed of 15 °C/min, and then
maintained at 220 °C for 5 min. Nitrogen was supplied as
the carrier gas at a flow rate of 2.0 mL/min. The temper-
atures of the injector and detector were 250 °C and 270
°C, respectively [30]. The pH values of the samples from
in vitro fermentation were detected by using a pH meter
(pHS-3C; Chengdu Century Fangzhou Science and Tech-
nology Co., Ltd., Chengdu, China).

Statistical analysis

The data were expressed as the mean & SD and evaluated
by single factor analysis for variance (ANOVA), followed
by the Tukey’s analysis using the SPSS software. Differ-
ences were considered to be statistically significant at
p<0.05.

Results

Purification and characteristics of HLBP

Soluble HLBP from Tibetan Hull-Less Barley 25 was
obtained according to method described earlier (Fig. 1).
The crude HBLP was first separated by anion-exchange
chromatography of the DEAE-Sepharose Fast Flow
(Fig. 1a), with a yield of 3.85%. Only one fraction of
polysaccharides was obtained, which was eluted with
distilled water. Then, it was further purified by Sepha-
rose 6B gel column chromatography according to their
MWs. A symmetrical single peak was obtained, and the
fraction was designated as purified HLBP (Fig. 1b).

The MW of the purified HLBP was determined
using liquid chromatography (illustrated in Fig. 2a).
The elution peak was single, symmetrical, and nar-
row indicating that purified HLBP is a homogeneous
polysaccharide [25]. Based on the calculation curve
(y=11.772 —0.379x, R*=0.996), the MW of the poly-
saccharide was 3.45x 10* Da. The monosaccharide
composition profile of polysaccharide is depicted in
Fig. 3. The result revealed that purified HLBP was
mainly composed of glucose.
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FT-IR spectrum analysis

The FT-IR spectrum of purified HLBP recorded in the
range of 4000-400 cm ™' is illustrated in Fig. 2b. The
spectrum of the polysaccharide displayed an intense
and broad band at approximately 3373 cm™!, which
indicated the existence of a hydroxyl group stretch-
ing vibration. The band at around 2891 cm™' was
attributed to the C-H stretching vibration [32]. The
absorption peak at approximately 1639 cm™! could be
assigned to the bound water [33]. The bands within the
1200-1000 cm™! region were assigned to the C~O-H
stretching vibrations [7, 33], whereas the presence of
B-glycosidic linkage of glucosyl residue was indicated
by the characteristic absorption band at 896 cm™! [33,
34]. Thus, the FT-IR spectrum analysis revealed that
the purified HLBP showed the typical absorption peaks
of the polysaccharide [34].

Moreover, the peak of uronic acids was not observed
at around 1730 cm™!, which further confirmed that
purified HLBP was a neutral polysaccharide [33], which
was conformed to the monosaccharide composition
analysis provided earlier.
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Nuclear magnetic resonance (NMR) analysis

The 1D/2D NMR spectra of purified HLBP are shown
in Fig. 4. Two major chemical shifts of the anomeric
region were noted to be 4.72 and 4.47 ppm on the 'H-
NMR (Fig. 4a), which indicated that purified HLBP
consists of two monosaccharide residues of the S-type
glycosidic linkages [26, 35]. The anomeric signals at
102.56/4.72 ppm and 102.37/4.47 ppm belonged to
(1—3)-5-D-Glcp and (1— 4)-B-D-Glcp, respectively
[36, 37]. The '*C-NMR spectrum (Fig. 4b) showed single
resonances at 83.82 ppm for the C-3 carbon of the O-3-
linked glucose, demonstrating that most of the (1— 3)
linkages occurred discontinuously [36, 37].

SEM and AFM analyses

The microscopic morphology of the purified HLBP was
evaluated by SEM and AFM. The SEM imaging of poly-
saccharide is illustrated in Fig. 5a, b. The purified HLBP
overlapped with the intricate web structure, with a
smooth surface that can be attributed to the strong inter-
action between the molecular chains [38]. The morpho-
logical topographies of the polymers can be observed by
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AFM [39]. The AFM images of polysaccharide exhibited
several small spherical particles (Fig. 5¢, d) attributable to
the intra or inter hydrogen bonds [40]. A similar aggre-
gate of purified HLBP has been reported earlier with oat
B-glucan and barley -glucan [40, 41].

Bacterial shifts during in vitro fermentation

The sequencing analyses included 21 samples, and a total
of 1,499,196 effective tags were obtained, which were then
clustered into OTUs at 97% similarity, 186+12 OTUs/
sample were obtained. The rarefaction curves and Shan-
non index of all 21 samples indicated that most of the bio-
logical information was captured (Additional file 1: Fig.
S1). Asillustrated in Fig. 6a, the PCA revealed a significant
variation between the HLBP group and blank groups, in
which the PC1 and PC2 could explain 73.31% and 13.48%
of the variation in the different groups, respectively.

An overview of the fecal microbiota taxonomic com-
position in each group at the phylum, family, and genus
levels is exhibited in Fig. 6a—d. As illustrated in Fig. 6b,
the predominant microbiota taxonomic composition at
the phylum level included Firmicutes, Proteobacteria,
and Bacteroidetes. The stacking histogram at the phy-
lum level indicates that HLBP induced an increase in Fir-
micutes (42.2% in the HLBP group vs 40.4% in the blank
group at 24 h) and Bacteroidetes (39.7 vs 38.2%) than in
the blank group. Notably, the abundance of Actinobacte-
ria (11.2 vs 1.7%, p<0.05) in the HLBP group was higher
than that in the blank group. At the family level, fer-
mentation with HLBP exhibited a higher level of Prevo-
tellaceae (36.4 vs 0.7%, p<0.05), Veillonellaceas (36.2
vs 15.5%, p<0.05) and Bifidobacteriaceae (10.1 vs 1.2%,
p<0.05) than in the blank group. Conversely, Enterobac-
teriaceae (4.6 vs 15.4%, p <0.05), Bacteroidaceae (2.6 vs
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32.9%, p<0.05), Lachnospiraceae (1.8 vs 15.1%, p<0.05),
and Ruminococcaceae (2.2 vs 7.1%, p <0.05) were signifi-
cantly reduced in the HLBP group compared than in the
blank group (Fig. 6c). Specifically, HLBP could change
the composition of the gut microbiota and promote the
growth of certain bacterial species. The heatmap of the
in vitro fermentation microbiota is presented in Fig. 6d.
The microbiota structures of the HLBP group at the

genus level was significantly different from those of the
blank group. The following genera were increased in the
HLBP group: Megamonas (12.5 vs 3.6%, p<0.05), Pan-
toea (0.4 vs 0.02%, p<0.05), Prevotella_9 (36.3 vs 0.6%,
p<0.05), Catenibacterium (1.0 vs 0.1%, p<0.05), Megas-
phaera (22.3 vs 9.2%, p <0.05), and Bifidobacterium (10.1
vs 1.2%, p <0.05) were observed in the HLBP group. Fur-
thermore, LEfSe analysis identified the most differentially
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abundant taxons between the HLBP and blank groups
(Fig. 7). After the in vitro fermentation of 24 h, the LEfSe
analysis revealed 22 and 16 significantly discriminative
features in the blank and HLBP groups, respectively,
based on the LDA score of > 4.

SCFAs production and pH change of in vitro fermentation
SCFAs are important carbon flux that connects the diet
and the host through the gut microbiota [42]. SCFAs,
such as acetate, butyrate, and propionate, are the princi-
pal fermentation products of indigestible carbohydrates
[43].

The concentrations of SCFAs in the fermentation
products between the HLBP and the blank groups
are presented in Fig. 8. The concentrations of acetate,
propionate, butyrate, and valerate productions were
significantly (p<0.05) increased after 24 h of fermen-
tation of HLBP. As shown in Fig. 8, the concentra-
tions of acetate, propionate, butyrate, and valerate in
the HLBP group were significantly increased from
13.46 £0.13 to 37.40+1.90 mM/L, from 8.77+0.06 to

33.60+2.57 mM/L, from 5.94+0.02 to 51.36 £ 3.23, and
from a negligible amount to 33.294+3.36 mM/L (p<0.05),
respectively. The concentration of butyrate in the HLBP
group was 2.4-fold higher than that in the blank group,
while the respective concentrations for acetate and pro-
pionate were 1.2-fold and 1.5-fold greater. Meanwhile,
the acetate-to-propionate ratio decreased from 1.54 (0 h)
to 1.11 (24 h) (p<0.05). The accumulation of isobutyrate
and isovalerate was significantly higher in the blank
group than in the HLBP group.

The SCFA produced by the gut bacteria through fer-
mentation of polysaccharides could lower the pH value,
which possibly have beneficial effects on the colon health
[44]. Figure 8g illustrates the change in pH value dur-
ing in vitro fermentation. The pH of HLBP fermentation
culture dropped sharply during the initial 6 h, while that
of the blank group decreased slightly. After fermentation
for 24 h, the pH values of the HLBP and blank groups
significantly declined from 7.04 to 4.51 (A=2.53), and
the value of the HLBP group was significantly (p <0.05)
lower than that of the blank group at each tested time
point.

(See figure on next page.)

Fig. 8 Concentrations of individual SCFAs and pH changes in fermentation: acetate (a); Propionate (b); Butyrate (c); Isobutyrate (d); Valerate (e);
Isovalerate (f); pH (g). Letters indicate differences (p < 0.05) among different time points
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Discussion

The objectives of the present study were to investi-
gate the structure of a polysaccharide extracted from
Tibetan hull-less barley 25 and to evaluate the fermenta-
tion features of the HLBP. The backbone of the polysac-
charide (MW: 3.45 x 10* Da) was mainly composed of
(1— 3)-linked-B-p-glucopyranosyl and (1— 4)-linked-
B-D-glucopyranosyl. High-yield SCFAs production from
HLBP were recorded during the in vitro fermentation by
human fecal microbiota.

The beneficial effects of 5-glucan on the human health
may be attributed to its physicochemical structure. The
HLBP was composed of (1— 4)-linked S-p-Glcp and
(1 — 3)-linked 5-D-Glcp. Our results were consistent with
those of a previous study in which -glucans from cere-
als were linear homopolysaccharides of oligomeric cel-
lulose segments separated by single (1 — 3)-linkages [5,
36]. Previous studies reported that S-glucan were com-
posed of D-glucopyranosyl residues linked via a mixture
of B-(1—3) and B-(1— 6) linkages (from Glomerella
cingulata) and 1,3-glucans with $-1,6 branching (from
Lentinula edode and Schizophyllum commune) showed
anticancer properties [45]. B-1,3-glucan (from Gri-
folafrondosa) demonstrated antitumor activities, while
(1—3,1—4)-B-glucan (from Oats and barley) exerted
a hypocholesterolemic activity [45]. On the other hand,
the MW values of barley were usually in the range of
31-2700 x 10% Da, while that of HLBP was 3.45 x 10* Da,
which was considered as low-MW S-glucan [5]. Moreo-
ver, the viscosity of high-MW f-glucan was also reported
to be higher than that of low-MW f-glucan, while high-
MW polysaccharides usually lead to poor solubility and
high viscosity, which seem to have limited its applica-
tion to food [19, 34, 46, 47]. The MW of 5-glucan has
been reported to be related to bile-acid binding and
SCFAs production. For example, low-MW [-glucan
(1.56 x 10° g/mol) produces more SCFAs and binds more
bile acids than high-MW B-glucan (6.87 x 10° g/mol) [6)].
The AFM images of purified HLBP were present in sev-
eral irregular spherical lumps, consistent with the report
of Zielke et al., which stated that S-glucan from barley
possessed a well-defined aggregate structure [41]. The
van der Waals force and hydrogen-bonding between the
sequences of structural regularity (cellotriose sections)
might lead to the formation of globular architectures
[48, 49]. Generally speaking, S-glucan with different MW
could exhibit diverse morphological structure. It was
pointed out that the S-glucan with low MW has a ten-
dency to form a more spherical architecture, compared
with the extended conformation of high-MW f-glucan
[40, 50]. Additionally, Wei et al. reported a lower gelation
rate of high-MW wheat S-glucan than low-MW wheat
pB-glucan [51]. Therefore, the reasonable explanation
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for the microscopic morphology of the polysaccharide
is that hydrogen-bonding, the van der Waals force, and
the chains of the low-MW samples are more mobile and
more likely to form junction zones [6, 51].

The relative abundance observed in the bacterial
community after fermentation of HLBP was distinct
from that of the blank group. It was obvious that Bifi-
dobacterium and Prevotella_9 in the HLBP group were
far more abundant than that in the blank group. Some
relative increases in the abundances were observed in
the genera, with the sharp increase noted for Prevo-
tella_9 (60.50-folds), which has an influence on the
human health in terms of regulating glucose intoler-
ance and glycogen storage [52]. Bifidobacterium, which
was significantly elevated in the HLBP group (p <0.05,
8.42-folds), was considered to be beneficial to the
human health, such as in protecting the hosts from
infectious diseases. In a study performed by Cani et al,,
the abundance of Bifidobacterium spp. and tight-junc-
tion mRNA expression suggested a positive correla-
tion, indicating that the Bifidobacterium spp. obviously
affected the gut permeability [53]. Meanwhile, the lev-
els of Bifidobacterium were involved in the regulation
of glucose-tolerance and low-grade inflammation [54].
The utilization of (1 — 3)(1 — 4)-B-glucan needs to be
supported with specific enzymes to cleave the glycoside
bond of non-reducing ends (glucanases) and internal
glycoside bond (glucosidase) [55]. The various meta-
bolic enzymes are encoded by gut microbiota genes,
including carbohydrate esterases, glycoside hydrolases,
and polysaccharide lyases, which are involved in the
depolymerization of polysaccharides [45]. Prevotella
was also considered as the key gut bacteria member
for the hydrolysis of dietary fibers, because it is poten-
tially composed of some hydrolysis genes (unique
enrichment of Prevotella in the rural African children
with dietary fiber-rich diets) [28]. Numerous glycoside
hydrolases are possessed by Bifidobacteria, and plenty
of polysaccharide lyases and glycoside hydrolases are
available under the Bacteroidetes genomes [55]. For
example, Erica et al. reported that 88 polysaccharide
utilization loci of Bacteroides thetaiotaomicron are
responsible for the utilization of polysaccharides [56].

It has been reported that Bifidobacterium spp., Bac-
teroides thetaiotaomicron, and Lactobacillus spp.
were considered as acetate producer; Anaerotipesspp.,
Coprococcus spp., Roseburia spp., Ruminocococcus,
Clostridium spp., Eubacterium spp., and Faecalibac-
terium prausnitzii (Clostridaceae), which possess the
capability to produce butyrate. Meanwhile, propionate
produced by Bacteroides spp., Clostridium histolyticum,
Dialister spp., Roseburia spp., Ruminococcus spp., Veil-
lonella spp., Phascolarctobacterium spp., and Prevotella
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spp. have been reported [29, 34]. After the in vitro fer-
mentation, significantly increased abundances of Mega-
monas, Bifidobacterium (which can generate acetate),
Ruminococcus (producer of butyrate and propionate),
and Dialister (propionate-producing bacteria), indi-
cated that in vitro fermentation of HLBP enhanced the
SCFAs production [12, 29, 34]. The HLBP group exhib-
ited more butyrate and propionate production, but less
acetate production during the in vitro fermentation.
These results were consistent with the findings of Sayar
et al., who observed that the fermentation of purified
oat f5-glucan produced more propionate and butyrate,
but less acetate [8]. However, a higher concentration
of acetate and lower concentration of butyrate and
propionate were produced by -glucan from Cookeina
speciosa [13]. The reason for these inconsistent results
may be attributed to the gap between the sources of
B-glucan and the physicochemical structure of S-glucan
as well as the gut microbiota from humans. Further-
more, the acetate-to-propionate ratio decreased obvi-
ously (p<0.05). The low acetate-to-propionate ratio
was believed to be a positive indicator of the hypolipi-
demic effects due to the inhibition of the biosynthesis
of cholesterol and fatty acids in the liver [44, 57]. SCFAs
are also related to gluconeogenesis. For example, propi-
onate and butyrate participate in the intestinal gluco-
neogenesis by involving free fatty acid receptor 3 and
cAMP-dependent intestinal gluconeogenesis, respec-
tively [45]. In addition, the SCFAs acetate butyrate and
propionate, also participate in the glucose and hepatic
lipid homeostasis through peroxisome proliferator-
activated receptor-y [43]. These results together sug-
gest that HLBP may be involved in the regulation of
blood glucose via gut microbiota metabolites (SCFAs)
[28].

Conclusions

We investigated the structure of HLBP based on its mon-
osaccharide composition using FT-IR, NMR, SEM, and
AFM. We also performed 16S compositional sequencing
to explore the composition of the microbiota. Our results
suggested that the polysaccharide purified from hull-less
barley has a MW of 3.45 x 10* Da, and that it consists of
(1—>4)-linked B-p-Glcp and (1— 3)-linked B-D-Glcp.
Furthermore, the SEM images revealed that HLBP has an
intricate web structure, while the AFM images of purified
HLBP showed the presence of small spherical particles.
In vitro fermentation results indicated that HLBP not
only changed the structure of the microbiota, but also
altered the proportion of SCFAs and the pH value of the
fermentation culture. These results cumulatively indicate
that HLBP may play an important role in human health
by influencing the alteration of the intestinal microbiome
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and microbial metabolites. We believe that further stud-
ies are required to investigate the effects of the gut com-

munity structure by the fine chemical structure of dietary
fibers.
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