
J Appl Biol Chem (2019) 62(2), 211−217

https://doi.org/10.3839/jabc.2019.029

Online ISSN 2234-7941

Print ISSN 1976-0442

Article: Food Science

Effect of mushroom (Schizophyllum spp.) derived β-glucan on low-fiber 
diet induced gut dysbiosis

Karthika Muthuramalingam1 · Vineet Singh2 · Changmin Choi1 · Seung In Choi3 · 

Sanggyu Park4 · Young Mee Kim1 · Tatsuya Unno2,5 · Moonjae Cho1,6 

Received: 22 May 2019 / Accepted: 7 June 2019 / Published Online: 30 June 2019

© The Korean Society for Applied Biological Chemistry 2019

Abstract Dietary pattern has paramount importance in shaping

the gut microbiota and its associated host health. Herein this study,

long term (12 weeks) impact of mushroom derived dietary fiber,

β-glucan, is investigated for its effect on low fiber diet consumption.

Inclusion of dietary fiber into the low fiber diet (LFD) increased

the abundance of genera Lactobacillus and Anaerostipes, the

microbes responsible for butyrate (major ‘fuel source’ of colonocytes)

production. Mice fed LFD with β-glucan showed significant

increase in the length of small intestine compared to that of the

LFD group without β-glucan. Further, dietary fiber consumption

enhanced goblet cell density along with mucosal layer thickness.

These results indicate promising effects of β-glucan towards

maintenance of healthy gut and gut microbiota.

Keywords β-glucan · Dietary fiber · Gut Dysbiosis · Gut microbiota

· Low-fiber diet

Introduction

Diet is one of the major factors that modulate gut microbiome.

With the rapid changing lifestyle toward westernization, such as

high consumption of calories, refined carbohydrates, sugar, salt,

fat, animal proteins, energy dense and highly processed foods etc.,

the gut microbiota can dramatically get altered, leading to gut

dysbiosis. Further, diet components lacking microbiota-accessible

carbohydrates ensue irremediable loss of gut microbial population,

thereby contributing dysfunctions, chronic inflammatory disorders,

metabolic syndromes etc [1]. The susceptibility to these diseases,

at-least in part, can be prevented by adding dietary fibers to the

diet, thereby establishing a healthy host-microbe relationship and

host immunity.

Dietary fiber, as defined by the Institute of Medicine (US),

consists of non-digestible carbohydrate and lignin that are intrinsic

and intact in plants [2]. On an average, the recommended intake

of fiber content for a young man and woman is around 38 g/day

and 25 g/day respectively [3]. Diets that lack the required amount

of fibers will make the people more prone towards obesity, heart

disorders, diabetes, bowel cancers, constipation etc. Foods such as

whole-grain cereals, fruits, vegetables, legumes etc. are said to be

rich in fiber content [4]. Consumption of dietary fibers such as

cellulose, arabinoxylan, inulin, soluble corn fiber, resistant starch,

guar gum, gum arabic etc., is found to be inversely linked with the

risk of microbiome-associated non-communicable disorders such

as obesity, cardiovascular diseases, allergies, cancer, inflammatory

diseases etc. [5,6].

β-Glucan, an indigestible- and hydro soluble- dietary fiber has

shown to exhibit much physiological benefits on cholesterol

reduction, weight management, cardiovascular risks, diabetes
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mellitus, metabolic syndrome etc. [7,8]. Being a major soluble

fiber found in the cell walls of oats and barley endosperm, the β-

glucan is commercially extracted from Saccharomyces cerevisiae

and also from other sources such as Phellinus linteus or Sparassis

crispa [9,10]. While oat and barley based β-glucan presents

metabolic effects such as postprandial glycemic response, fungi

derived β-glucan exerts immunological modulation; thereby making

the sources of β-glucan as one of the prime factors contributing to

its clinical outcome [11,12]. Further, the fermentation of this

indigestible fiber in the lower gastrointestinal tract is said to alter

the gut microbial composition, whose metabolites is found to have

prime importance on host health [13,14].

Herein this study, we aimed to investigate the long-term impact

of mushroom derived β-glucan, a soluble dietary fiber consumption

on the gut dysbiosis induced by low fiber consumption in animal

model.

Materials and Methods

Animal care

C57BL/6J male mice (5 weeks old) were used in this study. With

a laboratory acclimation period of 1 week, the mice were 6 weeks

old when they were subjected for experimentation. 12 h/12 h of

light/dark cycle with ambient atmosphere was provided to the

mice. All the animals were taken care of according to the rules

framed by Animal Care and Use Committee (ACUC No: 2018-

0018).

Experimental design

The experimental scheme was given in Scheme 1. Four experimental

groups with n=11 mice per group was classified as: normal diet

group (ND), low fiber diet group-AIN 76A (LFD), LFD with 3 g/

kg of β-glucan (LFD + BG1) and LFD with 5 g/kg of β-glucan

(LFD + BG2). β-Glucan (β-1,6/1,3 glucan isolated from Schizophyllum

spp. with average molecular weight of 1.78~1.79×106 Da) was

provided by Quegen Biotech Co. Ltd., Republic of Korea. During

the experimental study period, mice were provided with ab

libitum of water and corresponding diets. At two time points in the

scale of 12 weeks experimental period (6th week and 12th week),

feces from individual mice in all the groups were collected and

subjected for microbiota analysis. On the day prior to the sacrifice

of mice, they were left starving through the night. The mice were

orally administered 100µL of activated charcoal solution prepared

in 1X PBS, 20 min prior to sacrificing it. The distance travelled by

the charcoal in the intestine was observed and the intestinal transit

rate was calculated accordingly: Intestinal transit rate = (Distance

travelled by the activated charcoal/Length of the small intestine)

×100. Once the mice were sacrificed, the internal organs were

isolated and weighed. Small intestine samples collected from the

mice were fixed using 4% formaldehyde solution for further

histopathological analysis.

Physiological measurements

At the start of every week, measurement on body weight, weekly

consumption of food and water were measured. In addition, 25

pieces of feces from each cage was collected and weighed. The

fecal moisture content was calculated by weighing the difference

in feces weight before and after drying at 60oC for 2 days.

Histopathological analysis

The formaldehyde fixed small intestine samples were sectioned

and subjected to Alcian blue and PAS staining, in-order to observe

the effect of different diets on intestinal architecture and mucin

abundance. The stained sectioned were imaged using Olympus

BX51 microscope. The thickness of mucus layer is quantified

using ImageJ.

Fecal microbiota analysis

Feces from individual mice were collected on 6th week and 12th

week of the diet-based experimental study. 16S rRNA targeted

PCR amplification was done to the QIAamp, PowerFecal DNA

kit extracted total DNA samples and the sequenced data (sequencing

was performed by Macrogen, Seoul, Republic of Korea) was

processed using MOTHUR [15], a bioinformatics software

package. Briefly, raw sequence reads assembled using make.contigs

command were aligned to SILVA database using align.seqs,

followed by trimming the rare sequences using split.abund and

pre.cluster. Further, chimeric sequences were removed using

chimera.vsearch command and non-bacterial sequences such as

mitochondria and chloroplasts were removed before clustering the

resulted clean reads using opti.clust at the distance 0.03. Non-

metric multidimensional scaling (NMDS), using Bray-curtis

dissimilarity distance, computed with nmds MOTHUR subroutine

was employed to identify the bacterial Operational Taxonomic

Units (OTUs).

Statistical analysis

Values are given as mean ± standard error and the statistical

significance was calculated using Student t-test. Significance in

the microbial population difference was examined using Analysis

of molecular variance (AMOVA).

Results and Discussion

Compared to that of the normal diet, mice fed with low fiber diet

showed a relative 10% increase in body weight (Fig. 1A, B). This

result gets reflected with the increase in the Firmicutes/Bacteroidetes

ratio, a “obese type microbiota from the fecal analysis (shown in

Fig. S3A). In general, high fiber intake is associated with weight

management by increasing gastric distension and satiety, whereas

poor-fiber diet enhances hunger thereby increasing total energy

intake resulting in overweight and obesity. Although not significant

(p >0.05), inclusion of β-glucan to LFD exhibits promising result
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towards weight reduction. Mice fed with LFD + BG2 showed

relatively higher water consumption than the rest of the groups

(Fig. 1C) while there was no significant difference in the food

consumption (Fig. 1D) among the low fiber diet groups (LFD,

LFD + BG1, LFD + BG2) at the 6th and 12th week of the experimental

period.

LFD and LFD + BG2 showed almost similar transit percentage

(Fig. 2A), however, it was reduced with LFD + BG1. Fecal

weight is one of the key indicators of intestinal health [16]. There

was a significant fecal weight reduction in the β-glucan included

LFD groups compared to that of the LFD control group in a dose

dependent manner (Fig. 2B). Thus, mushroom derived β-glucan

doesn’t have much impact on bowel movement associated

intestinal health. In addition, the mice fed with LFD showed

lowest moisture content in the fecal samples (Fig. 2C); whereas

the dietary fiber included LFD groups showed relatively higher

Fig. 1. Effect of low fiber diet with/without β-glucan on physiological parameters of the mice. (A) Body weight; (B) percentage increase in body

weight; (C) water consumption per week; and (D) food consumption per week

Fig. 2. Effect of low fiber diet with/without β-glucan on (A) intestinal transit rate; (B) feces weight; (C) fecal moisture content; (D) length of small

intestine; and (E) Liver/body weight
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moisture content. This leads to conclude that the reduction in fecal

weight doesn’t come from its moisture content and further

investigation on other factors such bacterial biomass, protein or

nitrogenous or undigested dietary matters is required. Mice fed

with higher concentration of β-glucan incorporated LFD showed

increase in small intestine length (Fig. 2D). This may aid in higher

nutrient absorption by the increased cross-sectional area of

intestinal mucosal barrier. However, no significant changes were

observed in the liver/body weight of the low fiber diet groups

(Fig. 2E). 

Fiber-deprived diets urge the gut microbiota to rely on the

‘highly glycosylated’ intestinal mucus layer, whose primary

function is to protect the underlying gastrointestinal tract (comprising

of epithelial cells) from bacterial invasion [17,18]. From the

histopathological staining of the small intestine sample (Fig. 3A),

it was observed that β-glucan incorporated LFD groups showed

enhanced goblet cell count with significantly higher mucosal layer

thickness (dose-dependent increase) (Fig. 3B) and mucosa-

supporting submucosal layer than the LFD control group, thereby

presaging that consumption of diet lacking in fiber content may

result in bacterial invasion in the mucus layer, leading to ‘the

leaky’ gut wall; whereas inclusion of dietary fiber will ameliorate

the condition. Though not significant, we observed a dose dependent

decrease in serum triglyceride level together with enhanced high-

density lipoprotein level in the β-glucan incorporated LFD groups

than the LFD group (Fig. S1).

For microbiota analysis, 19,590 reads were randomly sampled

from each fecal sample to normalize the number of reads. More

than 99% Good’s coverage was observed in each sample; thus,

this random sampling hardly affected the number of observed

species. Results in Figure S2 showed that the use of low-fiber diet

(LFD) significantly decreased species richness and evenness. In

this study, 12th week samples showed lower richness and evenness

compared to those at the 6th week. Since dietary fibers are the

source of energy for bacteria in the large intestine, lack of this

fiber in diet could cause reduction of certain species that feed on

dietary fibers. Previously, it has been reported that dietary fibers

are fermented by the intestinal bacteria to produce short chain

fatty acids such as butyrate and propionate, resulting in improving

the intestinal immune system and host’s health [1].

Results in Fig. 4 show that the dysbiosis caused by LFD are

more obvious at the 12th week than at the 6th week as NMDS

plots were more scattered. On the other hand, LFD + BG1

samples are less scattered and plotted relatively closer to the

Fig. 3. Effect of low fiber diet with/without β-glucan on histological analysis of intestinal sample (A) Alcian blue and PAS staining; and (B) mucosa

layer thickness
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normal diet at the 12th week, suggesting that LFD + BG1 may

have slightly ameliorated gut dysbiosis. While distribution of

LFD + BG2 samples were similar to that of LFD samples at the

12th week, LFD + BG1 showed significantly different microbiota

distribution when compared with that of LFD samples (p <0.001).

These shifts observed in LFD + BG1 group were not observed at

the phylum level (Fig. S3A). At the family level, the lower

abundance of the family S24-7 was observed in LFD, suggesting

that lack of fiber cause a decrease in the abundance of S24-7 (Fig.

S3B). While distribution at the family level for normal diet

showed a clear separation between the 6th and 12th week, LFD

groups did not, suggesting that unbalanced intestinal microbiota

among LFD groups. At the 12th week, LFD + BG1 samples were

clustered due to the increased abundance of genera, Lactobacillus,

and Anaerostipes (Fig. 5). The genus Lactobacillus is a well-

known probiotic bacterium, while some species of the genus

Anaerostipes are known to produce butyrate by utilizing

lactate[19,20], suggesting that the increase of these two genera

may cross-feed to produce butyrate in the gut. The roles of

butyrate produced in the gut include being the major energy source

for colonocytes, maintaining the colonial mucosal health, and

regulating the intestinal tight junctions along with imparting

Fig. 4. Analysis of microbial community comparison by non-metric multidimensional scaling (NMDS)

Fig. 5. Comparison of the taxonomic composition at the genus level. *, **, and *** indicate significant difference between LFD and LFD + BG1, LFD

and LFD+BG2, and LFD and both LFD+ BG1 and LFD + BG2, respectively
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immunomodulatory and anti-inflammatory properties on the gut

barrier [21,22]. Therefore, our results suggest that long-term use of

β-glucan may shift microbiota toward preferred environment for

butyrate production in the gut. It should be noted that the higher

dose of β-glucan did not increase Lactobacillus, thus beneficial

effects of β-glucan may be dose-independent.

Figure 6 show differentially abundant OTUs between LFD

samples and LFD + BG samples. There are 3 OTUs (0040, 0036,

and 0050) increased and 4 OTUs (0024, 0017, 0056, and 0087)

decreased in both BG groups, indicating that β-glucan dose-

independently increased Anaerostipes, unknown genera in F16

and Clostridiales and decreased Oscillospira, Ruminococcus

gnavus, and unknown genera in S24-7 and Lachnospiracea. The

abundance of Oscillospira, Ruminococcus, and Lachnospiracea is

highly correlated with the pathogenesis of Type 1 Diabetes by

decreasing FoxP3+ regulatory T cells [23]. Herein our study, the

LFD + BG groups has the tendency to decrease their abundance

thereby exhibiting fiber restricted diet associated anti-diabetic

effect. It is interesting that the abundance of Lactobacillus was

increased in LFD + BG1 but decreased in LFD + BG2. As there

are more OTUs that were significantly increased in LFD + BG2

group, some of these OTUs may have competed against

Lactobacillus over substrates, or the decrease of some OTUs in

LFD + BG1 may have helped Lactobacillus to increase. Further

study is needed to investigate who competes against whom over

substrates in the gut. This is important to maintain the healthy gut

microbiota and it should be noted that the dose determined based

on mice experiment should not be applied to human case as

previously reported [24].

To summarize, the use of β-glucan improves LFD induced gut

dysbiosis in terms of goblet cell production and enhanced mucosa

layer protective barrier. LFD consumption significantly changed

gut microbiota compared to that of a normal diet. While the

changes were seen in increased Firmicutes/Bacteroidetes ratio, it

was rather random at the family level, suggesting that the use of

LFD disrupt the healthy gut microbiota in various ways. The

lower dose of β-glucan increased Lactobacillus and Anaerostipes,

which may have contributed to stabilizing the gut microbiota,

while a higher dose of β-glucan decreased Lactobacillus thus

failed to stabilize the gut microbiota. Further studies are needed to

find the optimum dose of β-glucan toward human application, but

here, we report the promising effects of β-glucan in maintaining

healthy gut microbiota. 
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