High molecular weight barley -glucan promotes a favorable human gut microbiota
associated with reduction of cardiovascular disease (CVD) risk factors
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Introduction
Mixed-linkage (1→3)(1→4)-β-D-glucan (β-glucan) is
the major soluble fibre in barley [1]. The physiological
benefits of β-glucan, such as lowering blood
cholesterol [2] and attenuating postprandial glycemic
response have been well documented [3]. Previous
research on the mechanisms underlying these effects
are limited to the upper gastrointestinal (GI) tract. As a
component of dietary fibre, -glucan has the potential
to shift the gut microbial community in the lower GI
tract [4]. However, whether alterations in gut
microbiota are associated with physiological effects
resulting from β-glucan consumption is unknown.

Consuming 5g/d LMW and 3g/d LMW failed to alter gut microbiota at
phylum and lower taxonomical levels (Table 1; Fig 4). No significant changes
in alpha-diversity was observed (data not shown). Significant correlations
were observed between several bacterial taxa and metabolic parameters (Table
2). Functional shifts in the microbiota as a result of dietary treatments were
predicted. The most significant shifts were observed between 3g/d HMW βglucan compared to control (Fig 5).
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presenting genera are colored according to their corresponding phyla. The size of
circles is indicative of taxa abundance. Taxa closer to the indicate positive association
with either treatment group (significance indicated by + and – for P < 0.05, * for P <
0.1). The goodness of fit and R2 and predictive value of the model Q2 were estimated
based on three components: a) R2 =0.94 and Q2 =0.23. Some sequences could only be
assigned to class (c), order (o), or family (f) levels.
Table 2. Nonparametric correlation
between bacterial taxa altered by
3g HMW β-glucan and metabolic
parameters 1.

Fig 3. Principal coordinates analysis (PCoA) of weighted Unifrac distances between
microbial communities of stool samples1.
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1. To determine the gut microbiota profile associated
with barley β-glucan consumption.
2. To investigate the association between the gut
microbiota composition and physiological effects
resulting from β-glucan consumption.
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comparison among four experimental diets; b to g) pairwise comparison between any two
experimental diets. ; Weighted UniFrac was used to generate a matrix of pairwise distances between
communities, then a scatterplot was generated from the matrix of distances using PCoA analysis. P -value
for each comparison was obtained from PERMANOVA and considered significant at P < 0.05.
Table 1. Relative abundance of bacterial phyla of microbial communities in feces
affected by β-glucan consumption.
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Above 1 % of population
Bacteroides

4.99 a

7.59a

9.95ab

14.22 b

1.67

<0.001

Firmicutes

86.69a

87.50a

82.36ab

77.91b

2.16

<0.001

Fig 2. Microbiota analyses.

Genomic DNA
extraction

• PCR amplification of V4 region of 16S rRNA gene.
• Clean-up, quality check and quantifying the
amplicons.

Illumina
Sequencing

• 300-cycle paired-end sequencing of the pooled
library.

Bioinformatics

• Output paired-end reads were merged using
PANDASeq assembler. Demulitiplexing merged
reads, quality check and chimera detection and
filtering was done in QIIME.
• The resulting operational taxonomic units were
aligned at 97% similarity threshold to greengenes database.
• Alpha- & beta-diversity of microbial communities
were determined.
• The PICRUSt program was utilized to impute
functional metagenomes from 16S rRNA
sequences.
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Fig 4. Partial least square discriminant analysis (PLS-DA) loading plot based on the
relative abundance of the putative bacterial genera in stool samples and their
association with 3g HMW or control diet1.

• Differences at the phylum level were determined
using univariate procedure of SAS.
• Multivariate data analysis (PCoA, PERMANOVA,
PLS-DA) was done for detecting differences for
beta-diversity and at the genus level. P < 0 .05
was considered significant.
• Nonparametric correlations between microbial
taxa and clinical parameters (anthropometrics,
blood pressure and biochemical markers) were
analyzed using Spearman’s Correlation.
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• Consumption of 3g/d HMW β-glucan shifted the betadiversity of bacterial community (P = 0.002).
 at the phylum level, supplementation of 3g/d HMW βglucan increased Bacteroidetes and decreased
Firmicutes compared to control (P < 0.001)
 at the genus level, 3g HMW -glucan increased
Bacteroides (P <0.05) while tended to increase
Prevotella (P < 0.1) and decrease Dorea (P < 0.1).
• The altered composition of Bacteroides, Prevotella, and
Dorea were correlated with favorable shifts of CVD risk
factors including body mass index (BMI), waist
circumference, blood pressure, HDL cholesterol and
triglyceride levels (Spearman || > 0.20, P < 0.05).
• Diet containing 5g/d LMW β-glucan only altered the diversity of the microbiota without impacting the
composition of specific microbial taxa. Consumption of 3g/d
LMW β-glucan did not alter the gut microbiota.
• PICRUSt analysis predicted that several functions of the gut
microbiota including glycerolipid metabolism, steroid
hormone biosynthesis and lipoic acid metabolism were
increased by 3g/d HMW β-glucan consumption.

Conclusions
The HMW β-glucan consumption can significantly shift gut
microbiota. The altered microbiota profile as a result of 3g/d
HMW -glucan is associated with reduction of risk factors
of CVD. Together, our study suggests that altering gut
microbiota may be one of the underlying mechanisms
responsible for the physiological benefits of β-glucan.
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Results
Beta-diversity significantly differed among four
experimental diets (Fig 3). Bacteria both at the
phylum and lower taxonomical levels were affected
by 3g/d HMW β-glucan consumption.
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2 Bacterial taxa altered by 3g/d HMW β-glucan consumption.
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Fig 1. Experimental design.
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In a controlled, four-phase crossover trial, mildly
hypercholesterolemic but otherwise healthy subjects
(n=30) were randomly assigned to receive barley
breakfast containing 3g low molecular weight
(LMW), 5g LMW, 3g high molecular weight (HMW)
barley β-glucan, or a wheat and rice based
control diet, each for 5 weeks. The washout period
between the study phases was 4 weeks (Fig 1). A
subset of 19 subjects who completed the study and
provided fecal samples at the end of all 4 study
phases were selected for the microbiota profile
analysis (Fig 2).
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Fig 5. Predicted functional
shifts of the microbiota in 3g
HMW β-glucan compared to
Control diet.

The study was funded by Agriculture and Agri-Food
Canada Growing Forward and Agri-Food Research
and Development Initiative (ARDI) program 101057. The authors would like to thank
Hooman Derakhshani for sequencing the DNA,
Ru Li and Wenhuang Tang for assisting
in DNA extraction and bioinformatic analysis of
data.

