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Abstract

This study aimed to investigate the effects of short-term individual and com-
bined supplementation of high-level oat -glucan and microcrystalline cellulose
(MCC) in diets on growth performance, organ indices, and fecal bacterial com-
munity structure in mice. Thirty-six healthy BALB/c mice with a body weight
of (17.954+0.95) g were selected and randomly divided into 4 groups according
to body weight: control group (CON group), diet without oat -glucan and
microcrystalline cellulose; glucan group (G group), diet containing 28% oat -
glucan; MCC group (M group), diet containing 20% MCC; mixed group (GM
group), diet containing 14% oat -glucan and 10% MCC. The experimental pe-
riod was 21 days. The results showed: 1) The average daily gain (ADG) of
mice in each group during the whole period (days 1-21) was not significantly
different (P>0.05), while the average daily feed intake (ADFI) during the whole
period was significantly different (P<0.05), showing that the G group 0.05), the
epididymal fat pad index of mice in each fiber-added group (G group, M group,
GM group) was not significantly different from that of the CON group (P>0.05),
but the epididymal fat pad index of mice in both G group and M group was
significantly lower than that of the GM group (P<0.05). 3) On days 4 and 7
of the experiment, the Shannon-Wiener index of fecal bacteria in G group mice
was significantly lower than that in the CON group (P<0.05). PCR~denaturing
gradient gel electrophoresis (DGGE) profile cluster analysis showed that on days
13 and 17 of the experiment, the fecal bacterial community structure of mice
in each group was significantly different, with samples from each group cluster-
ing separately on the phylogenetic tree. In conclusion, short-term individual or
combined supplementation of high-level oat -glucan and MCC in mouse diets
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can reduce ADFT in mice, but does not affect ADG and spleen index in mice;
combined supplementation of oat -glucan and MCC promotes epididymal fat
deposition more than individual supplementation; high-level oat -glucan can re-
duce the diversity of fecal bacteria in mice; supplementation of both oat -glucan
and MCC can alter the fecal microbiota in mice, suggesting that there may be a
core bacterial community in the hindgut of mice that specifically utilizes these
two types of fiber.

Full Text

Short-Term Adding High-Level Oat -Glucan, Microcrys-
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Abstract: This experiment was conducted to investigate the effects of adding
high-level oat -glucan, microcrystalline cellulose (MCC) as well as their mixture
in diets on the growth performance, organ indexes and fecal bacterial community
structure of mice over a short-term period. Thirty-six healthy BALB/c mice
with body weight of (17.9540.95) g were selected and randomly allocated to four
groups according to body weight: control group (CON group) fed a diet without
oat -glucan and microcrystalline cellulose; glucan group (G group) fed a diet
containing 28% oat -glucan; MCC group (M group) fed a diet containing 20%
MCC; and mixture group (GM group) fed a diet containing 14% oat -glucan
and 10% MCC. The experiment lasted for 21 days.

The results showed as follows: 1) During the whole experimental period (days
1-21), the average daily gain (ADG) of mice showed no significant difference
among groups (P>0.05), while the average daily feed intake (ADFT) differed
significantly (P<0.05), following the trend G group < M group < GM group <
CON group. 2) The spleen index of mice showed no significant difference among
groups (P>0.05), and the epididymal fat pad index of mice in the three fiber-
supplemented groups (G, M and GM groups) showed no significant difference
compared with CON group (P>0.05), but the epididymal fat pad index in both
G and M groups was significantly lower than that in GM group (P<0.05). 3)
On experimental days 4 and 7, the bacterial Shannon-Wiener index of feces in G
group was significantly lower than that in CON group (P<0.05). Cluster analy-
sis of PCR-denaturing gradient gel electrophoresis (DGGE) profiles showed that
the fecal bacterial community structure differed markedly among groups on days
13 and 17, with samples from each group clustering separately on the phyloge-
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netic tree. In conclusion, short-term supplementation of high-level oat -glucan,
MCC or their mixture in diets can reduce ADFT in mice without affecting ADG
and spleen index. The mixture of oat -glucan and MCC promotes epididymal
fat deposition more effectively than single-fiber supplementation. High-level oat
-glucan reduces fecal bacterial diversity in mice. Both oat -glucan and MCC
alter the fecal microflora of mice, suggesting that specific core bacterial groups
may exist in the hindgut that selectively utilize these two types of dietary fiber.

Keywords: oat -glucan; microcrystalline cellulose; BALB/c mice; growth per-
formance; organ indexes; fecal microflora
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Dietary fiber (DF) refers to carbohydrates with ten or more monomeric units
that cannot be hydrolyzed by endogenous enzymes in the small intestine of hu-
mans or animals. Based on water solubility, DF' can be classified into soluble
dietary fiber (SDF) and insoluble dietary fiber (IDF) [?]. Epidemiological stud-
ies have found that low DF intake is associated with obesity, colorectal cancer,
diabetes and certain cardiovascular diseases [?]. The physiological functions of
DF are related to its physicochemical properties, where its bulking characteris-
tics and particle size significantly affect colonic function in monogastric animals.
Moreover, the fermentation pattern of DF in the host hindgut directly influences
the types and proportions of short-chain fatty acids (SCFAs), thereby affecting
energy metabolism and intestinal immune function [?].

The gut of monogastric animals, particularly the colon, harbors a vast and com-
plex microbial community influenced by genetic background, sex, age, immune
system, intestinal environment (pH, etc.) and diet [?]. DF serves as one of the
primary utilizable substrates for colonic bacteria [?]. Numerous studies have
demonstrated that DF can increase the abundance of certain probiotics (e.g.,
Bifidobacterium and Lactobacillus) in the animal gut [?], though the effects of
different DF types on hindgut microbiota structure in monogastric animals re-
main unclear.

Therefore, this study utilized BALB/c mice as a model to investigate the short-
term effects of supplementing high-level typical SDF (oat -glucan) or typical
IDF [microcrystalline cellulose (MCC)] alone or in combination on hindgut bac-
terial community structure using molecular fingerprinting techniques. Addi-
tionally, we examined whether different DF types differentially affected growth
performance and organ indexes, laying a foundation for further research on the
mechanisms through which these two DF types influence host energy metabolism
and intestinal health.
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1.1 Test Materials

Oat -glucan was purchased from Shaanxi Ciyuan Biotechnology Co., Ltd., ex-
tracted from oats as a light yellow powder with 70% purity; the remaining 30%
consisted mainly of oat bran and protein. MCC was purchased from Qufu Tianli
Pharmaceutical Excipients Co., Ltd., as a white powder with purity 99%. Male
BALB/c mice were purchased from Chengdu Dossy Experimental Animals Co.,
Ltd.

1.2 Experimental Design

Thirty-six healthy male BALB/c mice at 6 weeks of age with consistent body
condition (17.954+0.95) g were randomly divided into four groups according to
body weight: control group (CON group) fed a diet without additional fiber;
glucan group (G group) fed a diet supplemented with 28% -glucan; MCC group
(M group) fed a diet supplemented with 20% MCC; and mixture group (GM
group) fed a diet supplemented with 14% oat -glucan + 10% MCC, with nine
mice per group. Using casein, corn starch, sucrose, soybean oil and palm oil
as basal ingredients, experimental diets were formulated according to AIN93
standards following the principle of equal energy and equal nitrogen (Table 1 ).
The exogenous fiber content in the fiber-supplemented groups (G, M and GM
groups) was 19.6%-19.8%. In addition to considering protein and carbohydrate
levels across groups, we also accounted for total energy balance. Due to the
large fiber dosage (~20%), bentonite clay was added to the control group to
reduce its total energy and make the gross energy as similar as possible across
the four groups. Furthermore, the measured energy-to-protein ratios showed
no significant differences among the four groups (P>0.05). Mice were housed
individually with ad libitum access to feed and water, and the experimental
period lasted 21 days.

1.3.1 Body Weight and Feed Intake Measurement

Mice were weighed in the morning on an empty stomach on days 1, 4, 7, 10,
13, 17 and 21 of the experiment to calculate average daily gain (ADG) for each
stage and the whole period. Daily feed intake of each mouse was recorded to
calculate average daily feed intake (ADFI) for each stage and the entire period.

1.3.2 Organ Index Measurement

At the end of the experiment (day 21), mice were weighed and then euthanized
to collect the spleen and epididymal fat pad, which were weighed immediately.
Organ indexes were calculated using the following formula: Organ index (mg/g)
= organ weight (mg) / live body weight (g).
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1.3.3 Fecal Bacterial Diversity Measurement

Fresh fecal samples were collected aseptically from mice on days 4, 7, 10, 13, 17
and 21. Fecal metagenomic DNA was extracted using the QIAamp DNA Stool
Mini Kit (Germany) following the manufacturer’ s instructions. For each group,
fecal DNA samples from three randomly selected mice were used as templates to
amplify the V6-V8 variable region of bacterial 16S rDNA using primers 968f-GC
[?] and 1401r [?]. PCR amplification conditions were: 94°C for 5 min, followed
by 35 cycles of 94°C for 30 s, 56°C for 20 s, and 68°C for 40 s, with a final
extension at 68°C for 7 min. PCR products were identified by 1.0% agarose gel
electrophoresis. Denaturing gradient gel electrophoresis (DGGE) was performed
using the Bio-Rad Dcode system with a denaturant concentration gradient of
45%-60%. Electrophoresis was conducted at 80 V and 60°C for 12 h in 1xTAE
buffer, followed by silver nitrate staining and imaging using the UVP gel imaging
system.

1.4 Statistical Analysis

The Quantity One 4.6.2 software was used for band counting and analysis of
PCR-DGGE profiles, and the Shannon-Wiener index was calculated. Data on
growth performance and organ indexes were analyzed by one-way ANOVA using
SPSS 21.0 software, with Duncan’ s multiple comparison test used for intergroup
comparisons. Data are expressed as means £ standard deviation. P<0.05 was
considered statistically significant, and P<0.01 was considered highly signifi-
cant.

2.1 Changes in Body Weight, Weight Gain and Feed Intake
of Mice

Body weight of mice in all groups increased over the feeding period (Table 2 ). At
the end of the experiment, body weight increased by 16.77%, 17.46%, 17.41%
and 16.74% in G, M, GM and CON groups, respectively, with no significant
differences among groups (P>0.05). On day 7, body weight in G group was
significantly lower than in other groups (P<0.05).

ADG of mice in stages 3 (days 7-9) and 4 (days 10-12) was significantly affected
by group (P<0.05) (Table 3 ). In stage 3, ADG showed no significant difference
between fiber-supplemented groups and CON group (P>0.05), but ADG in G
group was significantly higher than in M and GM groups (P<0.05). In stage 4,
ADG in G group was significantly higher than in M and CON groups (P<0.05)
but showed no significant difference from GM group (P>0.05).

Except for stage 4, ADFI in all stages was significantly or highly significantly
affected by group (P<0.05 or P<0.01) (Table 4 ), with the overall trend being
CON group highest, G group lowest, and M group slightly higher than GM

group.
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2.2 Differences in Organ Indexes of Mice

As shown in Table 5 , spleen index and epididymal fat pad index showed no sig-
nificant difference between CON group and fiber-supplemented groups (P>0.05).
However, epididymal fat pad index in GM group was significantly higher than
in G and M groups (P<0.05).

2.3 Differences in Hindgut Bacterial Community Structure
of Mice

Bacterial diversity in feces differed among groups at various time points (Table 6
). On day 4, the Shannon-Wiener index in G group was significantly lower than
in CON group (P<0.05). On day 7, the Shannon-Wiener index in G group was
significantly lower than in all other groups (P<0.05). On day 10, the Shannon-
Wiener index in fiber-supplemented groups showed no significant difference from
CON group (P>0.05), but the index in M group was significantly higher than
in G and GM groups (P<0.05).

Cluster analysis of PCR-DGGE profiles revealed that samples from all groups
clustered randomly at the start of the experiment (Figure 1 [Figure 1: see
original paper]-a). On days 7, 10 and 13, samples from the same group clustered
within the same clade (Figure 1-b, Figure 1-c and Figure 1-d). On day 7, CON,
G and M groups each had two samples clustering together with similarities of
71%, 52% and 60%, respectively, while GM group had three samples clustering
together with 60% similarity. On day 10, G and M groups each had three
samples clustering together with similarities of 63% and 72%, respectively, while
CON and GM groups each had two samples clustering together with similarities
of 71% and 61%, respectively. On day 13, each group had two samples clustering
together with similarities of 70% (G group), 75% (M group), 74% (GM group)
and 78% (CON group). On day 17, overall clustering was random, though G
and GM groups each still had two samples clustering together with similarities
of 63% and 68%, respectively (Figure 1-e). On day 21, only G group had
two samples clustering together with 57% similarity, while other groups showed
random clustering (Figure 1-f).

The cluster analysis was generated using the UPMGA method according to the
PCR-DGGE profile, and the phylogenetic trees of six sampling time points were
shown in figure a to figure f. Symbols d4, d7, d10, d13, d17 and d21 represent
fecal samples obtained at days 4, 7, 10, 13, 17 and 21, respectively. CON
indicates control group without extra fiber supplementation; G indicates oat-
derived -glucan supplemented group; M indicates MCC supplemented group;
GM indicates the mixture of oat-derived -glucan and MCC supplemented group.
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3.1 Effects of Different Dietary Fiber Types on Body
Weight and Feed Intake of Mice

Current reports on the effects of SDF or IDF on body weight in rats and mice
have yielded inconsistent results. Studies have shown that feeding mice -glucan
of different molecular weights for six weeks significantly reduced body weight
[?]. Dongowski et al. [?] reported that adding barley rich in -glucan to rat
diets increased weight gain. Conversely, other research found that adding 10%
cellulose to rat diets had no significant effect on body weight [?]. Our results
indicate that short-term supplementation of high-level oat -glucan and MCC
alone or in combination had no significant effect on final body weight or overall
ADG in mice.

Compared with CON group, ADFI was lower in all fiber-supplemented groups,
possibly due to reduced diet palatability caused by high-level dietary fiber.
ADFT in mice fed diets containing oat -glucan was significantly lower than
in other groups, consistent with previous findings [?]. This may be attributed
to two mechanisms: first, high-viscosity -glucan slows gastric emptying rate
and intestinal transit [?]; second, -glucan can be fermented by microorganisms
in the hindgut to produce SCFAs [?]. Both factors can stimulate secretion
of anorexic hormones such as peptide YY (PYY) and glucagon-like peptide-1
(GLP-1), inducing satiety [?] and suppressing appetite to reduce feed intake.

Throughout the experimental period, ADFI in G group remained consistently
low, and body weight on day 7 was significantly lower than in other groups,
though final body weight showed no significant difference. Similarly, Isken et
al. [?] found that feeding high-fat diet-induced obese mice diets containing 10%
SDF (guar gum) and IDF (cereal fiber) for 45 weeks resulted in significantly
higher body weight in the SDF group, significantly lower fecal energy, and sig-
nificantly higher colonic SCFA content. Interestingly, ADG in G group was the
highest during both stage 3 and stage 4. SCFAs produced by hindgut microbial
fermentation of fiber in monogastric animals are considered an important en-
ergy source for the host [?]. We speculate that oat -glucan was fermented in the
mouse hindgut to produce abundant SCFAs, which were absorbed by intestinal
epithelium and may have served as an energy supplement. This could explain
why G group mice, despite consistently low feed intake, showed faster weight
gain and ultimately achieved similar body weight to other groups, though the
specific mechanism requires further verification.

Under our experimental conditions, ADFI in both M and GM groups was also
significantly lower than in CON group, yet final body weight showed no signifi-
cant difference. This may be because a small portion of IDF can be fermented by
hindgut bacteria to produce SCFAs, indirectly providing energy. Additionally,
IDF can increase digesta transit rate, and this “sweeping”mechanism may reduce
adhesion of harmful bacteria, benefit intestinal health, and facilitate nutrient
absorption, though the specific mechanism warrants further investigation.
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3.2 Effects of Different Dietary Fiber Types on Organ In-
dexes of Mice

DF has immune-promoting effects on animals [?]. The spleen, as a secondary
lymphoid organ, is closely related to humoral and cellular immunity, and spleen
index can serve as a preliminary indicator of immune status [?]. However, no
significant differences in spleen index were observed among groups in this study,
possibly because DF primarily affects the immune system in the intestinal tract
[?]. Therefore, future research should focus on exploring DF’ s effects on the
intestinal immune system and its underlying mechanisms.

Reports indicate that oat SDF can inhibit body fat deposition [?], and adding
7.5%-30.0% oat bran to high-fat diets significantly reduces epididymal fat con-
tent in rats [?]. Interestingly, our study found that while single or combined
supplementation of high-level oat -glucan and MCC had no significant effect
on epididymal fat pad index, the mixture of both fiber types resulted in signifi-
cantly higher epididymal fat pad index compared with single-fiber groups. This
suggests that oat -glucan and MCC may have complex interactive effects on fat
deposition in mice, though the specific mechanism requires further investigation.

3.3 Effects of Different Dietary Fiber Types on Fecal Bac-
terial Community Structure of Mice

Studies have shown that gut microbiota is extremely sensitive to dietary changes,
with bacterial community structure responding within a short period [?]. Zhou
Mengyi [?] used PCR-DGGE to compare cecal bacterial community structure
in mice fed diets containing cellulose or curdlan for 28 days, finding that the two
groups clustered into distinct clades, demonstrating clear diet specificity, which
is consistent with our results.

Our study found that fecal bacterial diversity remained consistently low through-
out the experimental period in mice fed diets containing high-level oat -glucan,
which contradicts findings in rats by Snart et al. [?]. This discrepancy may be
due to the higher -glucan supplementation level (20%) used in our study, sug-
gesting that the effect of dietary fiber on hindgut bacterial diversity in mono-
gastric animals depends not only on fiber type but also on supplementation
level. However, PCR-DGGE technology typically detects only bacterial groups
representing 1% of the total bacterial population [?]. Although no significant
differences in fecal bacterial diversity were observed among groups in the later
experimental stages, cluster analysis results implied the existence of core bacte-
rial groups in the mouse hindgut that specifically utilize SDF or IDF, warranting
further investigation.

In conclusion: Under our experimental conditions, short-term single or com-
bined supplementation of oat -glucan and MCC reduced ADFT in mice without
significantly affecting ADG. Single supplementation of oat -glucan or micro-
crystalline cellulose had no significant effect on spleen index or epididymal fat

chinarxiv.org/items/chinaxiv-201711.00777 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00777

ChinaRxiv [$X]

pad index, but combined feeding of both fibers promoted fat deposition in the
epididymal fat pad. Different dietary fiber types altered fecal microbiota struc-
ture in mice, and the reasons for differential effects of oat -glucan and MCC on
fecal microbiota structure may differ. Our results suggest that specific bacterial
groups capable of degrading SDF or IDF exist in the mouse hindgut.
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