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Abstract 
 

This study was conducted to investigate the effects of Boulardii yeast wall polysaccharide (BRYP) on the intestinal micro-

ecosystem of early-weaned lambs. A total of 60 early-weaned lambs (35-days-old, Kazak♂*Altay♀*Suffolk♂) were 

randomly assigned into two treatments: a control group with a basal diet, an experimental group with a basal diet and added 

0.05% BRYP. The HiSeq high-throughput sequencing analysis of 16S rRNA was used to investigate the differences in 

intestinal microbial flora composition, diversity, relative abundance, principle coordination analysis, and the correlation 

between intestinal microbial flora composition and immune indices. After feeding for 40 days, the addition of 0.5% BRYP in 

milk replacer significantly enhanced the species richness in the cecum and colon, but decreased the diversity of species in the 

colon (P < 0.05); Compared with the control group, the relative abundance of Bacteroidetes in the experimental group was 

significantly enhanced, but the Proteobacteria was significantly decreased in all tested intestinal segments (P < 0.05). In the 

jejunum, the relative abundance of Lactobacillus, Prevotella, and Fibrobacter of the experimental group were significantly 

enhanced than that of the control group, but the Ruminobacter was significantly decreased (P < 0.05); In the cecum, the 

relative abundance of Bacteroides, Lactobacillus, Oscillospira and Bifidobacterium of the experimental group were 

significantly enhanced than that of the control group, but the Blautia were significantly decreased (P < 0.05); In the colon, the 

relative abundance of Akkermansia, Bifidobacterium, Lactobacillus and Faecalibacterium of the experimental group were 

significantly enhanced than that of the control group, but the Prevotella, Streptococcus, and Escherichia were significantly 

decreased (P < 0.05). There were significant correlations between intestinal immune indices (IL-6, IL-10, TNF-α) and 

intestinal microbial composition in the colon (P < 0.05). These results indicated that BRYP may contribute to the promotion of 

the proportion of helpful microbial populations and enhancing the balance of intestinal; Besides, BRYP may indirectly 

improve the intestinal immune function by changes of intestinal microflora composition, but suppress the inflammatory 

response in the bottom of intestinal mucosa of early-weaned lambs. © 2021 Friends Science Publishers 
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Introduction 
 

Lambs intestinal mucosa is in continual contact with diverse 

array of microbes. The intestinal microflora is vital to 

physiological functions and homeostatic, and plays 

important roles in early-weaned lamb’s defense through 

colonization resistance by promoting the development and 

regulation of the acquired mucosal immune system 

(McCoard et al. 2019). Disturbances of intestinal microflora 

homeostasis are thought to contribute to severe 

gastrointestinal disorders (Kong et al. 2019). The intestinal 

microflora comprises potential pathogens and can be a 

source of infection under some circumstances (Yang et al. 

2019a). Especially for early-weaned lambs, the immune 

system and digestive were immature, and they had to adapt 

the radical change from digestible watery breast milk to a 

relatively indigestible solid feed, and the risks of infection 

by pathogenic bacteria such as Escherichia coli and 

Salmonella were increased (Fan et al. 2019.) 

Boulardii yeast wall polysaccharide (BRYP) is one of 

the main biologically active components in Boulardii yeast. 

Besides, BRYP is a kind of natural prebiotics, which are 

compounded from β-glucan (30‒60%), mannosan (20‒30%), 

and chitin (5‒10%) (Chen et al. 2018a). BRYP almost does 

not be digested and absorbed by the early-weaned host 

digestive system, but could increase the proliferation of 

kinds of probiotics selectively (Fortin et al. 2017). 

In recent years, many studies have shown that yeast 
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wall polysaccharides supplementation in basal diet can 

regulate the balance of intestinal microbiota, and reduce the 

diarrheal diseases, which has caused by an imbalance of 

intestinal microflora and bacterial translocation. It has been 

reported that the yeast cell wall polysaccharides 

supplementation could improve the growth performance of 

cattle by promoting the fibrotic microbial populations, but 

decrease aerobic starch-utilizing bacteria (Peng et al. 2020). 

Besides, in the cecum of weaned piglets, feeding diets with 

yeast cell wall polysaccharides in a short feeding-period 

could improve the cecum bacteria structure, and enhance the 

advantage bacterium, such as Firmicutes, Ruminococcus 

(Qin et al. 2017). Furthermore, the relative abundance of 

Bacteroidetes and Firmicutes was significantly improved in 

the rate intestine by feeding a diet with yeast cell wall 

polysaccharides (Radhika et al. 2019). 

However, little study has analyzed the effects of BRYP 

on the intestinal microflora of early-weaned lambs 

according to a HiSeq of 16S rRNA gene. Differences in 

intestinal microflora compositions between jejunum, cecum, 

and colon in early-weaned lambs after feeding BRYP are 

still unknown. Therefore, more pieces of evidence are 

needed to specify the roles of BRYP of intestinal microflora 

and correlation with immune indices of early-weaned lambs. 

Therefore, we performed 16S rRNA HiSeq to specify and 

compare the intestinal microbial flora composition, diversity, 

relative abundance, principle coordination analysis, and 

correlations with intestinal immune indices. We 

hypothesized that a supplement of 0.5% BRYP with basal 

milk replacer can modulate the intestinal microflora 

compositions. Therefore, this research might provide 

fundamental information for a large-scale in lamb industry. 

 

Materials and Methods 
 

All experimental lambs in this research have been 

prospectively approved and granted a formal waiver of 

ethics approval by the Animal Welfare Committee of 

Shihezi University (Xinjiang, China) with the ethical code: 

A2019-156-01. The experimental period was 40 days from 

5th December 2019 to 18th January 2020. The experiment 

was conducted in Asar farming cooperatives, Changji, 

China (43°91’22.01” S, 87°09’93.84” W). 

 

Materials 

 

The Boulardii yeast was obtained from Shihezi University 

(Shihezi, China). The pure BRYP was obtained by the 

procedures of fermentation, extraction, and purification. The 

pure BRYP of nutritional compositions were 

polysaccharides (≥ 84%), crude protein (≤ 4%), crude fat (≤ 

3%), crude ash (≤ 2%), and moisture (≤ 7%). The main 

components of BRYP were BLC-1 and BLC-2, which 

molecular weight were 22.76 kDa and 9.09 kDa. The BLC-

1 and BLC-2 accounted for 63.12 and 28.70% in BRYP. 

The trace mineral premix was provided by Tianjin 

Zhengda biological technology Ltd., Tianjin, China; The 

Baby Formula Milk Powder was provided by Bright Dairy 

Co., Ltd, Shanghai, China; The enzyme-linked 

immunosorbent assay kit was provided by Suzhou Eisai 

Pharmaceutical Co., Ltd, Suzhou, China; DNA isolation kit 

was provided by Tiangen Biochemical Technology Co., Ltd, 

Beijing China. 

 

Experimental animals and experimental design 

 

A total of sixty early-weaned lambs (35-days-old, 

Kazak♂*Altay♀*Suffolk♂) were randomly blocked to two 

groups with three replicates each and ten lambs (six males 

and four females per replicate pen) in each treatment. The 

feeding trial lasted 40 days. All lambs were enforcedly 

weaned at 35 old-days, and housed in thermostatically 

controlled livestock pens (3.0×2.5 m) which were equipped 

with heating facilities (maintained at 22‒25°C inside) and 

straw paillasses (thickness 2 cm), and with sufficient warm 

water (15‒20°C). The pens were cleaned and sterilize at the 

beginning of the experiment day basis to prevent disease 

outbreaks. Milk replacer and warm water were available ad 

libitum in the whole feeding trial. Feeding and vaccination 

procedures followed as farm management schedules. The 

milk replacer was mixed with warm water (50°C) as the 

ratio (milk replacer: water = 1:4), and 4 feeding times a day 

at 8:00, 13:00, 18:00, and 23:00. The control group was fed 

the basal milk replacer with no addiction, a formulation 

consisting of cottonseed meal, soybean meal, bran, and corn, 

which was formulated to meet the nutrient requirement of 

8~25 kg lambs with the daily gain of 300 g/day 

recommended by the Chinese Feeding Standard of Lamb 

(2017) (Table 1). The experimental group was fed the basal 

milk replacer with 0.5% BRYP. 

 

Sample collection and preparation 

 

At the end of the experiment, three lambs in each replicate 

were randomly selected and anesthetized by injecting a 5% 

Nembutal solution. After 25 min of injection, the lambs were 

slaughtered by cutting neck vein. After lambs were dissected, 

the contents of the jejunum, cecum, and colon were obtained 

by manual extrusion, respectively, for the intestinal 

microflora analysis. After contents collection, the segments 

of jejunum, cecum, and colon were cut opened longitudinally 

and washed three times by 0.9% sodium chloride to remove 

impurities, respectively. All samples were placed 

immediately into sterile plastic tubes, separately, for the 

immune indices detection (Xu et al. 2016). For reducing 

variations between individuals, the contents samples from 

jejunum, cecum, and colon segment samples of three lambs 

were pooled into one biological sample in each treatment 

(Bukin et al. 2019). Overall, 18 samples (jejunum, cecum, 

and colon) were used for 16S rRNA high-throughput 

sequencing, and 6 samples (colon) were used for immune 

indices detection. All samples were fast-frozen in liquid 
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nitrogen and stored at -80°C until the following analysis. 

 

DNA extraction 

 

Total intestinal microbial genomic DNA were isolated from 

each gut segment by using DNA isolation kit and stored at 

−25°C for the following analysis. 

 

16S rDNA amplicon pyrosequencing 

 

PCR amplification of the 16S rDNA (V3-V4 region) was 

performed using the forward primer 314 F 

(5′‐ACTCCTACGGGAGGCAGCAG‐3′) and the reverse 

primer 806 R (5′‐GGACTACHVGGGTWTCTAAT‐3′). The 

PCR conditions were as follows: initial denaturation at 92°C 

for 5 min, 28 cycles of 92°C for 55 s, 50°C for 35 s and 70°C 

for 2 min, and then final extension at 70°C for 10 min (Xiao 

et al. 2017). The quality and quantity of amplified DNA were 

showed by agarose gel electrophoresis, separately. 

The 16S rRNA gene, which has been amplified, was 

obtained through DNA gel extraction kit, and analysis with 

1% Sepharose, which contains 2% of polyvinylpyrrolidone 

agarose gel electrophoresis for the quality and quantity of 

amplified DNA sequence (Qian et al. 2018). The total 16S 

rRNA genes were sent to Shanghai Jingjie Biomedical 

Technology Co., Ltd. (Shanghai, China) and to analysis 

microbiota by MiSeq PE300 sequencing platform. The raw 

data were matched by the FLASH analysis tool (Version 

1.2.5, http://ccb.jhu.edu/software/FLASH/), and filtered to 

remove the barcode sequences, forward and reverse primers 

with the QIIME (Version 1.1.6, 

http://qiime.org/scripts/split_libraries_fastq.html) (Xiao et al. 

2018). The read was removed if the quality scores less than 

20 at the sliding window or tags contained ambiguous bases. 

By using the UCHIME algorithm 

(http://www.drive5.com/usearch/manual/uchime_algo.html), 

the reads were compared with the annotated database of the 

species, and made sure that the chimeric sequences were 

discarded totally (Amato et al. 2013). 

 

Analysis of OTU cluster 

 

The optimized sequences were eliminated and 

demultiplexed, after removing the chimeric sequences, 

barcode, and primers. The operational taxonomic units 

(OTUs) were selected (97% similarity) and clustered by 

using the Usearch (Version 7.0, http://drive5. com/uparse/) 

(Han et al. 2019). The most frequent sequences in OTUs 

were selected, and as the representative OTU sequences, 

which were analyzed and annotated with the method of 

SILVA SSU rRNA database and the mothur (threshold range 

from 0.6 to 1, http://www.arb-silva.de/). 

 

Sequence analysis 

 

We used the QIIME and R packages to mainly perform the 

analyses of the sequence data. 

1) OUT-ranked abundance curves were conducted to 

compare the uniformity and richness of OTUs among 

samples. Venn diagram was showed to visualize the unique 

and shared OTUs among samples. The significance of 

differentiation of microflora composition among groups was 

analyzed by permutational multivariate assessment of 

variance and similarities by R package “vegan” (Lozupone 

and Knight 2005). 

2) Alpha diversity index revealed the richness and 

uniformity of the microbial community. OTU alpha 

diversity indices, including Abundance‐based Coverage 

Estimator (ACE), richness estimator (Chao), Simpson index, 

and Shannon diversity index, were calculated by the OTU 

table in QIIME (Schloss et al. 2009). 

3) The OTU taxonomic compensation was operated by 

using BLAST searching the representative sequences set 

against the NCBI 16S rRNA database, and then, an OTU 

table was clustered to calculate the abundance of each OTU 

in every sample and taxonomy of those OTUs (Quast et al. 

2012). 

4) Beta diversity calculation was implemented to analyze 

the composition variation of microbial communities in 

different samples by using Principal component analysis 

(PCA). The difference of microbial samples was reflected in 

a three-dimensional coordinate diagram, which the more 

semblable sample composition was, the nearer the distance 

in PCA diagram. Linear discriminant analyses (LDAs) were 

used to analyze whether it was important microbial 

community that contributed to differences (Knights et al. 

2011). 

The correlation analysis between intestinal immune 

indices and intestinal bacteria was conducted by R package 

vegan. The heatmap diagrams were generated, according to 

the Spearman correlation coefficients between altered 

intestinal bacteria and immune indices (Akond et al. 2018). 

 

Determination of immune indices 

 

After the colon segment samples defrosting, 1 g colon 

segment was weighed accurately and ground with liquid 

nitrogen in sterile mortars for 15 min. The colon segment 

powder was mixed with 10 mL, 0.9% sodium chloride 

solution, and centrifuged at 3500 r/min, 6°C for 20 min. 

After that, the tissue fragments were removed, and the 

supernatant was collected. The levels of SIgA, IL-6, IL-10, 

and TNF-α in the colon segment were determined according 

to the instruction of ELISA kits (Wang et al. 2018). 

 

Statistical analysis 

 

The results were shown as mean ± standard deviation, and 

categorical variables were shown as proportions and 

numbers. We used unpaired Student t-test and ANOVA to 

statistically evaluate differences among groups, respectively. 

It was considered statistically significant when P < 0.05. All 

http://ccb.jhu.edu/software/FLASH/
http://qiime.org/scripts/split_libraries_fastq.html
http://www.drive5.com/usearch/manual/uchime_algo.html
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analyses were counted by Excel (version 2017 for Windows, 

Microsoft Inc., Chicago, IL, USA), and represented with 

software SPSS (version 18, SPSS Inc., Chicago, IL, USA). 

 

Results 
 

Assessment of 16S rDNA PCR and sequencing 

 

The 16S rRNA genes in each intestinal segment contents 

were amplified by using forward primer 314 F and reverse 

primer 806 R. As shown in Fig. 1, the concentrations and 

sizes of electrophoretic bands in the PCR electrophoresis 

graphic were clear and suitable. As shown in Fig. 2, the 

Shannon curves and Rarefaction curves have reached the 

platform, and Good coverage index achieved between 0.992 

and 0.997, according to the analysis of software Mothur. 

The results represented that the vast majority of the 

microbial diversity information has been obtained by the 

samples of amplified 16S rRNA genes, and the sequencing 

depth was adequate in this study. 

 

Operational taxonomic unit partition and classification 

 

After the quality count, 902,549 high-quality sequences 

were acquired. On average, 50,141 ± 3,483 sequences were 

obtained per sample. A total of 3,678 OTUs were identified 

from all samples. On average, 204 OTUs were obtained per 

sample of the control group and experimental group, based 

on 97% species similarity. All detected OTUs were from 16 

phyla, 29 class, 63 order, 108 families, and 287 genera. On 

average, there were 369, 537 and 885 OTUs in the jejunum, 

cecum, and colon from the control group, respectively. 

There were 378, 552 and 987 OTUs in the jejunum, cecum, 

and colon from the experimental group, respectively. Venn 

figures of unique and common OTUs were shown in Fig. 3. 

There were 261, 378 and 657 common OTUs between the 

control group and experimental group of jejunum, cecum, 

and colon, respectively. In the control group, 108, 159 and 

198 unique OTUs were detected in the jejunum, cecum, and 

colon, respectively; whereas 117, 174 and 330 unique OTUs 

were detected in the jejunum, cecum, and colon of the 

experimental group, respectively. 

 

Analysis of Alpha diversity 

 

Alpha-diversity was analyzed by richness indices (Chao and 

ACE), and diversity indices (Shannon and Simpson). 

According to the results as shown in Fig. 4, firstly, we found 

that the richness index of Chao and ACE increased as 

digestive tract from top and bottom; whereas the diversity 

index of Shannon and Simpson firstly increased, and then 

decreased as digestive tract from top and bottom. Besides, 

the experimental group of Chao was significantly higher 

than the control group in the cecum (P < 0.05). Furthermore, 

the experimental group of Chao was extremely significantly 

higher than the control group in the colon (P < 0.01). The 

experimental group of ACE was higher than the control 

group in the jejunum, cecum and, colon, respectively, but 

the differences was not significant (P > 0.05). The 

experimental group of Shannon and Simpson were 

significantly lower than the control group in the colon (P < 

0.05). These results indicated that the addition of 0.5% 

BRYP in basal milk replacer can enhance the richness of 

microbial composition in the cecum and colon, but decrease 

diversity in the colon. 

 

Analysis of taxonomic composition 
 

The taxonomic bar represented relative abundance levels of 

various phyla and genus in two groups. After the optimized 

sequences were clustered and annotated, the top-ranking 

most abundant microbial at phylum and genus levels were 

shown in Fig. 5‒6. Otherwise, the sequences which could 

not be clustered into any groups (97% similarity) in the 

database were assigned as “other”. 

At the level of phyla, based on the average relative 

abundance analysis, the results indicated that the proportion 

of relative abundance of two major phyla (Firmicutes and 

Bacteroidetes) were more than 70% in all OTUs. Besides, 

Proteobacteria, Verrucomicrobia, Spirochaetes, 

Fibrobacteres, Tenericutes, Lentisphaerae, and 

Euryarchaeota were another 8 predominant phyla. In the 

jejunum, the experimental group of relative abundance of 

Bacteroidetes and Verrucomicrobia was significantly higher 

than the control group by 27.70 and 75.75% (P < 0.05), but 

the experimental group of relative abundance of 

Proteobacteria was significantly lower than the control 

group by 92.15% (P < 0.05). Compared with the control 

group, and the experimental group of relative abundance of 

Bacteroidetes in the cecum and colon was significantly 

increased by 30.06 and 45.89% (P < 0.05), but the 

experimental group of relative abundance of Firmicutes and 

Proteobacteria were significantly decreased by 7.45, 21.19 

49.04 and 48.16% in the cecum and colon, separately (P < 

0.05). 

At the level of the genus, the predominant genus was 

Lactobacillus, Prevotella, Ruminobacter, Bacteroides, 

Blautia, Streptococcus, Faecalibacterium, Akkermansia, and 

Bifidobacterium. In the jejunum, the experimental group of 

relative abundance of Lactobacillus, Prevotella, and 

Fibrobacter was significantly higher than the control group 

by 48.32, 36.87 and 75.42% (P < 0.05), but the 

experimental group of relative abundance of Ruminobacter 

was significantly lower than the control group by 27.83% (P 

< 0.05). In the cecum, the experimental group of relative 

abundance of Lactobacillus, Bacteroides, Oscillospira, and 

Bifidobacterium were significantly higher than the control 

group by 37.65, 32.02, 86.49 and 56.52% (P < 0.05), but the 

experimental group of relative abundance of Blautia was 

significantly lower than the control group by 68.19% (P < 

0.05). In the colon, the experimental group of relative 

abundance of Lactobacillus, Faecalibacterium, 
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Bifidobacterium, and Akkermansia were significantly higher 

than the control group by 32.25, 27.72, 72.38 and 73.21% 

(P < 0.05), but the experimental group of relative abundance 

of Escherichia, Prevotella and Streptococcus were 

significantly lower than the control group by 42.96, 38.27 

and 30.77% (P < 0.05). 

 

Analysis of Beta diversity 
 

The Unweighted UniFrac distances of samples under the 

jejunum, cecum, and colon in two groups were calculated 

based on the relative abundances of OTUs in the eighteen 

samples. Besides, Principal coordinates analysis (PCoA), 

which based on the Unweighted UniFrac, revealed that 

whether there were clear separations of the microflora 

composition of the control group from the experimental 

group. The three-dimensional graph of PCoA at genus level 

was shown in Fig. 7. The microbial communities of the 

control group and the experimental group were hard to 

separation in the jejunum, but there was a clear separation of 

the microbial communities of the control group from the 

experimental group. This result indicated that BRYP may 

mainly affect the microbial communities of the bottom of 

the digestive tract. 

To further identify specific microbial composition with 

statistically significant differences among groups, we used 

linear discriminant analysis (LDA) to analyze the specific 

microbial composition, which was altered by the addition of 

0.5% BRYP in the basal milk replacer, as shown in Fig. 8. 

When taxa with LDA scores greater than 2, the experimental  

group of differential OTUs of jejunum, cecum and colon 

were 10, 11 and 17, respectively; the control group of 

Table 1: Ingredient compositions and chemical analysis of milk replacer (%; air-dry basis) 
 

Items Content Nutrient levels Content  

Ingredients  Nutrition level  

Expended corn 41.50 Dry matter 90.67 
Alfalfa hay 8.00 Digestible energy DE/(MJ/kg） 17.38 

Soybean oil 2.00 Crude protein 23.75 
Expended soy 16.00 Crude fat 16.08 

Fermented Soybean  20.00 Neutral detergent fiber 4.81 

Premix 1.00 Calcium 0.53 
Baby Formula Milk Powder 10.00 Phosphorus 0.41 

NaCl 0.30 Lysine 0.91 

CaHCO3 1.00 Methionine + cysteine 0.61 
NaHCO3 0.20 Threonine 0.65 

Total 100.00 Concentrate: roughage 80:20 
 

 
 

Fig. 1: The electrophoresis results of PCR products 
 

 
 

Fig. 2: Analysis results of Shannon curves and Rarefaction curves 
 

    
 

Fig. 3: Veen diagram of common Operational Taxonomic Units (OTUs). DS,DM and DJ represent samples of jejunum, cecum and colon 

in the control group, respectively; SS, SM, SJ represents sample of jejunum, cecum and colon in the experimental group, respectively 
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differential OTUs of jejunum, cecum, and colon were 3, 11 

and 14, respectively. When taxa with LDA scores greater 

than 3, the experimental group of differential OTUs of 

jejunum, cecum, and colon were 1, 4, and 9, respectively; 

the control group of differential OTUs of jejunum, cecum, 

and colon were 0, 4 and 3, respectively. 

 

The canonical correlation analysis between immune 

indices and intestinal microflora 

 

The results of the significant differences of immune indices 

and intestinal microflora were in two groups. The densities 

of immunoglobulins and cytokines of intestinal mucosal 

were analyzed according to the instruction of ELISA kits. 

As shown in Table 2, there was a significant difference in 

the two groups concerning the content of IL-6, IL-10, SIgA, 

and TNF-α. The experimental group of IL-6 was 

significantly lower than the control group by 15.09% In the 

colon (P < 0.05); The experimental group of IL-10 were 

significantly higher than the control group by 15.80 and 

6.60% In the cecum and colon, respectively (P < 0.05); The 

experimental group of SIgA was significantly higher than 

the control group by 10.98% in the colon (P < 0.05); The 

experimental group of TNF-α was significantly lower than 

the control group by 7.90% in the colon (P < 0.05). 

 Besides, according to the analysis of taxonomic 

composition at the level of genus, the significant difference 

of top-ranking most abundant intestinal microflora was 

listed in Fig. 9. 

The canonical correlation analysis between immune 

indices and intestinal bacteria in the colon as shown in Fig. 9, 

the clustering correlations between the compound BRYP-

stimulated significant changes in immune indices 

(immunoglobulins and cytokines in intestinal mucosa) and 

    

     
 

Fig. 4: Diversities of microflora composition between the control 

group and the experimental group in different intestinal segments. 

Four species richness and diversity estimators, including (A) Chao, 

(B) ACE, (C) Shannon’s diversity index and (D) Simpson’s 

diversity index. Different capital letters indicate extremely 

significant difference (P＜0.01), and different small letters indicate 

significant difference (P＜0.05) 

 

 
 

Fig. 5: Relative abundances of microbes in each intestinal 

segment at phylum level 

 
 

Fig. 6: Relative abundances of microbes in each intestinal 

segment at genus level 

 

 
 

Fig. 7: The total Principle Coordination Analysis scores plot 

about the microbes in intestinal segments. DS,DM and DJ 

represent samples of jejunum, cecum and colon in the control 

group, respectively; SS,SM,SJ represents sample of jejunum, 

cecum and colon in the experimental group, respectively 
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intestinal bacteria relative abundance at the genus levels were 

analyzed to investigate the interactions between immune 

indices and intestinal bacteria during the feeding trial of 

addition BRYP-treated early-weaned lambs. The results 

indicated that robust correlations with compound BRYP-

induced alterations in intestinal microflora and immune 

indices. The red bars represented positive correlations, and 

the blue bars indicated negative correlations. 

To further predict interactions between intestinal 

bacteria and immune indices, according to Pearson 

correlation coefficients, we constructed a diagram of 

Canonical Correlation Analysis (CCA) between intestinal 

bacteria and immune indices, as shown in Fig. 10. 

Combined with the heat map and CCA diagram, we 

summarized that there were significant correlations between 

IL‒6, IL‒10, TNF-α, and intestinal microbial composition in 

the colon (P < 0.05). IL‒6 was positively correlated with 

Butyricicoccus, Clostridiales, Escherichia-Shigella, 

Achinobacillus, Rikenellaceae_RC9_gut_group, 

Norank_f_Erysipelotrichaceae, Clostridium, Prevotella_9, 

and Ruminococcaceae_UCG-014, respectively; but the  

negative correlations with IL‒6 were Akkermansia, 

Lactobacillus, Rombsia, Oscillospira, Prevotella_1, 

Prevotellaceae_UCG-004, Lachnospiraceae_136_group, 

Parabacteroides, Blautia, and Lachnospiraceae NK4A136. 

IL-10 was positively correlated with Bifidobacterium, 

Akkermansia, Lactobacillus, Prevotellaceae_UCG-003, 

Faecalibacterium, Rombsia, 

Prevotellaceae_NK3B31_group, Christensenellaceae_R-

7group, Lachnospiraceae_XPB1014_group, 

Prevotellaceae_UCG-001, and Ruminococcaceae_UCG-

005, respectively; but the negative correlations with IL-10 

were Clostridiales, Escherichia-Shigella, Coprococcus_3, 

clostridium_sensu_stricto_1, Ruminococcus_1, and 

Intestinibacter. TNF-α was positively correlated with 

Streptococcus, Erysipelotrichaceae_UCG-003, 

Norank_f_Erysipelotrichaceae, Escherichia-Shigella, 

Clostridium_sensu_stricto_1, Prevotella_2, and 

Eggerthellaceae_unclassified, respectively; but the negative 

correlations with TNF-α were Akkermansia, Romboutsia, 

Christensenellaceae R-7 group, and 

Ruminococcaceae_UCG-002. 

 

Discussion 
 

The intestinal microflora is a vital and complex ecosystem 

with functions that shape animal health. Currently, the 

intestinal microbial ecosystem has been regarded as a virtual 

endocrine organ, and it has been proved that the intestinal 

microbial balance and the steady-state becomes a requisite 

for animal maintenance organism health (Jiao et al. 2019). 

Generally, high microbial diversity was regarded to be 

associated with a healthy intestinal micro-ecosystem, while 

loss of diversity seems to be related to the disease (Pradhan 

et al. 2019). Early weaning is a common practice in modern 

sheep farming at present, but the immune and digestive 

system of early-weaned lambs were immature. The 

colonization of the suckling lamb intestinal microbiome 

during the first few months of life is a period of remarkable 

immaturity and fluctuation. The relatively indigestible solid 

 

 

  
 

Fig. 8: The comparisons of microflora composition between the 

control group and the experimental group in different intestinal 

segments. (A) Comparison of microbial composition in jejunum; 

(B) Comparison of microbial composition in the cecum; (C) 

Comparison of microbial composition in the colon 
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food will contribute to the risks of infection by pathogenic 

bacteria, acute diarrhea, and gastro-enteritis (Mao et al. 

2019). In the early months, the density and diversity of 

intestinal microflora are constantly broadening in response 

to new environmental exposures until achieving a stable 

adult-like intestinal microbial composition (Blasco et al. 

2019). 

Most polysaccharides, such as yeast wall 

polysaccharides, have been proven to exert 

immunomodulatory, antiulcer, antioxidant, antitumor, and 

regulation of microbial composition (Mandal and Sahi 

2018). BRYP is one of the main bioactive constituents in 

Boulardii yeast, which has been wildly used to treat diarrhea 

in babies. The mechanisms that Boulardii yeast wall 

polysaccharides could regulate intestinal microbial 

communities as follows: 1) BRYP is hard to be digested in 

the digestive tract, but BRYP could be used by intestinal 

probiotics, such as Bifidobacterium and Lactobacillus, 

which could promote the growth of prebiotics, but inhibit 

the growth of pernicious bacteria (Dong et al. 2019). 2) 

There was an interaction between intestinal bacteria and 

cytokines. Such interaction could be adjusted by BRYP-

induced alteration of pathogen-associated molecular patterns 

(Singu et al. 2020). 3) The harmful and pathogenic bacteria 

could be absorbed in the large construction of BRYP 

(Méabed et al. 2019). It has been reported that the 

supplementation of Pichia guilliermondii cell 

polysaccharides significantly decreased the level of pH, and 

the number of pathogenic in the intestinal of chickens 

(Shanmugasundaram et al. 2014). The addition of yeast wall 

polysaccharides significantly increased the Alpha diversity 

of intestinal microbial in calf rumen (Jinjin et al. 2018). 

After 150 g/t yeast wall polysaccharides as supplementation 

were fed to 28 old-days piglets, the results showed that the 

Table 2: Effects of BRYP on immunoglobulins and cytokines in intestinal mucosa (mg/g) 

 
 The control group The experimental group  

Item Jejumum Colon Cecum Jejumum Colon Cecum P-value 

IL-1 (pg/g) 3.86 ± 0.44 4.27 ± 0.83 4.01 ± 0.51 3.25 ± 0.74 3.88 ± 0.76 3.96 ± 0.25 0.739 
IL-6 (pg/g) 3.05 ± 0.13a 3.96 ± 0.04b 3.71 ± 0.06b 2.98 ± 0.17a 3.63 ± 0.03b 3.15 ± 0.04a 0.038 

IL-10 (pg/g) 2.05 ± 0.16a 3.41 ± 0.20b 3.54 ± 0.22b 2.78 ± 0.04ab 4.05 ± 0.39c 3.79 ± 0.31c 0.014 

SIgA (mg/g) 10.28 ± 0.56a 13.69 ± 0.40b 14.27 ± 0.59b 11.44 ± 0.35a 14.52 ± 0.55b 16.03 ± 0.39c 0.036 
IgG (mg/g) 23.94 ± 6.95 27.38 ± 4.67 29.55 ± 9.31 26.96 ± 7.35 28.87 ± 5.67 29.30 ± 6.52 0.855 

TNF-α (pg/g) 4.84 ± 0.31b 4.82 ± 0.31b 4.81 ± 0.73b 4.80 ± 0.56b 4.81 ± 0.18b 4.43 ± 0.81a 0.048 

IFN-γ (pg/g) 3.82 ± 0.02 4.05 ± 0.25 4.12 ± 0.20 3.59 ± 0.11 3.52 ± 0.42 4.05 ± 0.19 0.062 

 

 
 

Fig. 9: Correlation Heatmap between BRYP-stimulated significantly changes in immune indices and intestinal bacteria in two groups 



 

Liu et al. / Intl J Agric Biol, Vol 26, No 1, 2021 

 164 

number of Escherichia, Lactobacillus were significantly 

increased in ileum and caecum (Murphy et al. 2013). After 

250 g/t yeast wall polysaccharides as supplementation were 

fed to piglets, the results indicated that the number of 

Escherichia was significantly decreased in the caecum and 

colon (Sweeney et al. 2012). 

 Now-a-days, lots of technologies of high-throughput 

sequencing technologies, such as 16 Sr RNA, 26Sr RNA, 

26Sr DNA, have been extensively used to analyze the 

composition of the intestinal microbial composition in 

human beings and animals. Besides, analysis of α‐diversity 

involves a comparison of mean species richness, uniformity, 

and diversity found in two or more sets of samples using 

analysis of variance (Crist et al. 2003). In this study, the 

alpha-diversity was analyzed by using the ACE, Chao, 

Shannon, and Simpson diversity index. These results showed 

that the addition of 0.5% BRYP in milk replacer significantly 

increased the richness of intestinal microflora in the cecum 

and colon by analysis of Chao (P < 0.05). However, we 

found by analysis of Shannon and Simpson index that 0.5% 

BRYP in milk replacer significantly decreased the diversity 

of intestinal microflora in the colon (P < 0.05). These results 

indicated that 0.5% BRYP as a kind of supplement increased 

the species of intestinal microflora in the cecum and colon, 

 
 

Fig. 10: CCA analysis results of intestinal microflora composition and immunologic factors 

 

 
 

Fig. 11: A triangle of interdependence and interaction of MRYP, microflora composition and immune index 
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but decreased the uniformity of microflora species in the 

colon of early-weaned lamb. Besides, the increasing ACE 

data indicated that the abundance of microbial taxa increased 

after 0.5% BRYP as a supplement added into the basal milk 

replacer. Besides, it has been reported that fat deposits were 

related to the diversity of intestinal microflora, and the 

diversity of intestinal microflora of obesity was lower than a 

normal person with high probability (Aatsinki et al. 2018). In 

our feeding trail, we found that the average lambs’ neck fat 

of 0.5% BRYP group was higher than the basal milk replacer 

group, which speculated that there might be a correlation 

ship between fat deposits and diversity of intestinal 

microflora in lambs. 

For the first time, our study analyzed the addition of 

0.5% BRYP in basal milk replacer altered the taxonomic 

composition of cecum and ileum microbial communities in 

early-weaned lambs. In this study, we found that Firmicutes 

and Bacteroidetes were two major phyla in the early-

weaned lamb intestine. Besides, we found that the relative 

richness of Bacteroidetes was significantly increased by 

0.5% BRYP, but the addition of 0.5% BRYP significantly 

decreased the relative richness of Proteobacteria. These 

results inferred that the risk of the infection by pathogenic in 

intestinal was decreased by BRYP, and increased the 

digestion and absorption of carbohydrate and fat in the 

digestive tract. Danzeisen has reported that the Firmicutes 

and Bacteroidetes were the predominant phyla within the 

caecum at all time-points (Danzeisen et al. 2011). Jumpertz 

reported that the increased Firmicutes and Bacteroidete in 

the intestine were related to the nutrient absorption 

(Jumpertz et al. 2011). 

Besides, the growth of harmful microbes and 

pathogenic might multiply rapidly when the relative 

richness of Proteobacteria increased in the intestinal, and 

the increasing of harmful microbes and pathogenic might 

could result in dysbacteriosis, diarrhea, and gastro-enteritis 

in breeding production (Ramayo-Caldas et al. 2016). Those 

previous reports agreed to our results. 

Generally, Lactobacillus, Bacteroides, Prevotella, 

Oscillospira, Akkermansia, and Bifidobacterium were 

probiotics in our intestine (Ley et al. 2006). However, most 

of Escherichia and Streptococcus were pernicious microbes 

(Isaacson and Kim 2012). Lactobacillus could produce 

bacteriocin-like substances, which were often active against 

related species of bacteria and eradicate neighboring 

bacteria by attaching themselves to receptors on their 

surfaces. Besides, Lactic acids, Acetic, and Biotin were 

produced by Lactobacillus could decrease intestinal pH to 

inhibit the growth of harmful bacteria (Chen et al. 2018b). 

Prevotella was another advantage microbe composition in 

the intestine. Prevotella could digest carbohydrates and 

protein, and it participated in Polysaccharide degradation, 

amino acid metabolism in rumen and intestinal (Fang et al. 

2017). The Oscillospira could decrease in a person with the 

inflammatory response. Therefore, there is a negative 

correlation between the level of inflammatory response and 

the number of Oscillospira (Kovatcheva-Datchary et al. 

2015). The abundance of Akkermansia was negatively 

correlated with levels of IL‒6 and free fatty acids in serum. 

Besides, Akkermansia have the capacity to ameliorate 

inflammatory response, guard intestinal epithelial cells and 

strengthen mucosal barrier function (Ashrafian et al. 2019). 

Bifidobacteria could synthesize antimicrobial compounds 

such as bacteriocins, and other organic acids, which could 

control the growth and reproduction of the harmful 

microbes in the intestinal (Modrackova et al. 2020). On the 

other hand, Escherichia is a kind of common harmful 

bacteria in the intestinal, such as pathogenic Escherichia 

coli (EPEC), Enterotoxigenic E. coli (ETEC), 

Enteroinvasive E. coli (EIEC), and Enterohaemorrhagic E. 

coli (EHEC) can produce toxins, known as Vero toxins or 

Shiga toxins, which damage mucosa cells of the intestine 

and the kidneys (Sobhy et al. 2020). Besides, Streptococcus 

could produce toxins, such as streptolysin, pyrogenic 

exotoxin, hyaluronidase, streptodornase, streptokinase, and 

leipoteichoic acid (LTA), which can cause the imbalance of 

intestinal flora, bacterial translocation and decrease 

intestinal barrier function (Mabrouk et al. 2019). In this 

study, 0.5% BRYP as a supplement added into basal milk 

replacer significantly enhanced the relative richness of 

Lactobacillus, Prevotella, Oscillospira, and Bifidobacteria, 

but significantly decreased the Escherichia and 

Streptococcus in the lamb intestine, which indicated that 

addition of 0.5% BRYP could increase the proportion of 

probiotics, but decrease the proportion of harmful bacteria. 

In a word, BRYP improved the relative richness of 

beneficial bacteria, but suppressed the relative richness of 

harmful bacteria in the lamb intestine. 

Some pieces of evidence have suggested that there are 

interactions between immune indices and intestinal bacteria 

(Ansaldo et al. 2019). Interleukin-6 (IL‒6) as one of the 

sensitive indexes of early diagnosis for acute infection could 

increase and activate T lymphocyte and B lymphocyte 

(Huang et al. 2018). The immune response could be adjusted 

by IL-6, which acting an important role in anti-infection 

immunity, complement system, and excessive immune 

response (Ouyang and O'Garra 2019). Interleukin (IL)-10 is 

a kind of soluble protein, which exhibits a wide range of both 

immunostimulatory and immunosuppressive properties. The 

excessive immune response must often have followed in the 

intestine without or lack of IL‒10 (Fiorentino et al. 2016). 

TNF-a is a pro-inflammatory cytokine known to have a 

crucial cell factor in the initial host response to infections and 

the pathogenesis of various chronic immune-mediated 

diseases (Reinke et al. 2020). These confirm the pivotal role 

and features underline of TNF-a in the immune system and 

in particular in the area of cell-mediated immune responses. 

However, massive TNF-a will occur serious excessive 

immune response in the intestine, and will lead to acute 

gastro-enteritis and acute diarrhea (Yang et al. 2019b). In this 

study, we found that there was a correlation between 

intestinal bacteria and immune index. For example, 

javascript:;
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Akkermansia had a positive correlation with IL‒10, but had a 

negative correlation with IL‒10 and TNF-α; In contrast, 

Escherichia-Shigella had a negative correlation with IL‒10, 

but had a positive correlation with IL-6 and TNF-α. 

Therefore, we can speculate there was a triangle of 

interdependence and interaction, which was composed of 

Boulardii yeast wall polysaccharide (BRYP), intestinal 

microbial composition, and immune index, as shown in Fig. 

11. First of all, BRYP as a supplement altered the intestinal 

microbial composition. In this study, the relative abundance 

of Bifidobacterium, Lactobacillus, Akkermansia were 

increased, but the relative abundance of Escherichia-

Shigella, Clostridiales, and Streptococcus were decreased. 

After that, the changed intestinal microbial composition 

enhanced the concentration of IL‒10, but decreased the 

concentration of IL‒6 and TNF-α. In a word, BRYP not 

only improved the intestinal microbial composition, but also 

indirectly suppressed the level of proinflammatory 

cytokines and increased the level of tolerance cytokine. 

 

Conclusion 
 

Compared with the control group, the richness of OTUs of 

the experimental group was significantly increased in the 

jejunum, cecum, and colon, respectively (P < 0.05). 

Compared with the control group, the species richness of the 

experimental group in the cecum and colon were 

significantly enhanced, but the diversity of species of the 

experimental group was decreased in the colon (P < 0.05). 

Bacteroidetes and Firmicutes were the most abundant phyla 

in all intestinal segments both in the control group and 

experimental groups, and the relative abundance of 

Bacteroidetes in the experimental group was significantly 

enhanced, but the Proteobacteria was significantly 

decreased in the jejunum, cecum, and colon (P < 0.05), 

compared with the control group. In the jejunum, the 

relative abundance of Lactobacillus, Prevotella, and 

Fibrobacter of the experimental group were significantly 

enhanced than that of the control group, but the 

Ruminobacter was significantly decreased (P < 0.05); In the 

cecum, the relative abundance of Bacteroides, Lactobacillus, 

Oscillospira and Bifidobacterium of the experimental group 

were significantly enhanced than that of the control group, 

but the Blautia were significantly decreased (P < 0.05); In 

the colon, the relative abundance of Akkermansia, 

Bifidobacterium, Lactobacillus and Faecalibacterium of the 

experimental group were significantly enhanced than that of 

the control group, but the Prevotella, Streptococcus, and 

Escherichia were significantly decreased (P < 0.05). 

According to the results of Heat maps and Canonical 

correlation analysis (CCA), there were significant 

correlations between intestinal immune indices (IL‒6, 

IL‒10, TNF-α) and intestinal microbial composition in the 

colon (P < 0.05). These findings suggested that BRYP may 

contribute to the promotion of the proportion of helpful 

microbial populations and enhancing the balance of 

intestinal microflora. Besides, the changed intestinal 

microflora composition may indirectly induce mucosal 

immune interactions, which may improve local immune 

function, but suppress the inflammatory response of the 

bottom of intestinal mucosa in early-weaned lambs. 
 

Acknowledgments 
 

This study was supported by The National Key R&D 

Program of China (2018YFD0502100). 

 

Author Contributions 

 

Mengjian Liu: Conceptualization (equal); Methodology 

(supporting); Data curation (equal); Formal analysis (equal); 

Investigation (equal); Methodology (equal); Writing-original 

draft (equal); Writing-review & editing (equal); Wenju 

Zhang: Supervision (equal); Formal analysis (supporting); 

Validation (equal); Resources (supporting); Project 

administration (equal); Jun Yao: Software (supporting); 

Junli Niu: Data curation (supporting); Formal analysis 

(supporting); Software (equal); Visualization (equal). 

 

Conflicts of Interest 

 

No conflict of interest exists in the submission of this 

manuscript, and the manuscript is approved by all authors for 

publication. I would like to declare on behalf of my co-

authors that the work described was original research that has 

not been published previously, and not under consideration 

for publication elsewhere, in whole or in part. All the authors 

listed have approved the manuscript that is enclosed 

 

Data Availability 

 

The raw/processed data required to reproduce these findings 

cannot be shared at this time as the data also forms part of 

an ongoing study 
 

Ethical Approval 
 

This study’s protocols and procedures were ethically 

reviewed and approved by the Animal Welfare Committee of 

Shihezi University with the ethical code: A2019-156-01 

 

References 
 
Aatsinki AK, HM Uusitupa, E Munukka, H Pesonen, A Rintala, S Pietilä, H 

Karlsson (2018). Gut microbiota composition in mid-pregnancy is 

associated with gestational weight gain but not prepregnancy body 

mass index. J Women Health 27:1293‒1301  
Akond Z, M Alam, M Ahmed, M Mollah (2018). Multivariate statistical 

techniques for metagenomic analysis of microbial community 

recovered from environmental samples. J Biosci 24:45‒53  
Amato KR, CJ Yeoman, A Kent, N Righini, F Carbonero, A Estrada, HR 

Gaskins, RM Stumpg, S Yildirim, M Torralba, M Gillis (2013). 

Habitat degradation impacts black howler monkey (Alouatta pigra) 
gastrointestinal microbiomes. ISME J 7:1344‒1353  



 

Yeast Wall Polysaccharides Effect on Intestinal Microflora in Lamb / Intl J Agric Biol, Vol 26, No 1, 2021 

 167 

Ansaldo E, LC Slayden, KL Ching, MA Koch, NK Wolf, DR Plichta, 

GM Barton (2019). Akkermansia muciniphila induces intestinal 
adaptive immune responses during homeostasis. Science 

364:1179‒1184  

Ashrafian F, A Shahriary, A Behrouzi, HR Moradi, SKA Raftar, A Lari, S 
Hadifar, R Yaghoubfar, SA Badi, S Khatami, F Vaziri, SD Siadat 

(2019). Akkermansia muciniphila-derived extracellular vesicles as a 

mucosal delivery vector for amelioration of obesity in mice. Front 
Microbiol 10; Article 2155  

Blasco M, MM Campo, J Balado, S Carlos (2019). Effect of texel 

crossbreeding on productive traits, carcass and meat quality of 
segurea lambs. J Sci Food Agric 99:3335–3342  

Chen X, A Li, P Yang, J Wen, Y Jing, C Li, J Wei, T Che, X Ma, P Song, C 

Zhang. (2018a). Sijunzi tang, codonopsis pilosula polysaccharide 
and saccharomyces boulardii modulate the gut microbiome to 

alleviate dss-induced colitis in mice. Onl J Complem Altern Med 1; 

Article 101752366 
Chen X, J Zhang, R Yi, J Mu, X Zhao, Z Yang (2018). Hepatoprotective 

Effects of Lactobacillus on Carbon Tetrachloride-Induced Acute 

Liver Injury in Mice. Intl J Mol Sci 19:2212–2223  

Crist TO, JA Veech, JC Gering, KS Summerville (2003). Partitioning 

species diversity across landscapes and regions: A hierarchical 

analysis of alpha, beta, and gamma diversity. Amer Nat 162:734‒743  
Danzeisen JL, HB Kim, RE Isaacson, ZJ Tu, TJ Johnson (2011). 

Modulations of the chicken cecal microbiome and metagenome in 

response to anticoccidial and growth promoter treatment. PLoS One 
6; Article e27949  

Dong JP, Y Zheng, T Wu, Q He, HH Wang (2019). Protective effect of 
saccharomyces boulardii on intestinal mucosal barrier of dextran 

sodium sulfate-induced colitis in mice. Chin Med J 132:1951–

1958  
Fan WB, CQ Li, XL Gao, JR Zhang, YC Liu (2019). Analysis of rumen 

bacterial diversity in grazing mongolian sheep using miseq 

sequencing technology in withered grass season. J Henan Agric Sci 
48:146‒149 

Fang S, X Xiong, Y Su, L Huang, C Chen (2017). 16S rRNA gene-based 

association study identified microbial taxa associated with pork 
intramuscular fat content in feces and cecum lumen. BMC Microbiol 

17; Article 162 

Fiorentino DF, A Zlotnik, TR Mosmann, M Howard, A O'Garra (2016). 
Pillars article: il-10 inhibits cytokine production by activated 

macrophages. J immunol 197:1539–1546 

Fortin O, B Aguilar-Uscanga, KD Vu, S Salmieri, M Lacroix (2017). 
Cancer chemopreventive, antiproliferative, and superoxide anion 

scavenging properties of Kluyveromyces marxianus and 

Saccharomyces cerevisiae var. boulardii cell well components. Nutr 
Cancer 70:83–96  

Han C, Y Dai, B Liu, L Wang, J Wang, J Zhang (2019). Diversity analysis 

of intestinal microflora between healthy and diarrheal neonatal 
piglets from the same litter in different regions. Anaerobe 

55:136‒141  

Huang J, N Ning, W Zhang (2018). Effects of paraquat on IL-6 and TNF-α 
in macrophages. Exp Therap Med 17:1783-1789  

Isaacson R, HB Kim (2012). The intestinal microbiome of the pig. Anim 

Health Res Rev 13:100‒109  
Jiao BC, ZH Zuo, WY Li, YC Shao, YC Liu, JS Cun (2019). Effects of 

probiotics on intestinal microbial metabolism and effective action 

time of Litopenaeus vannamei by biolog-eco. J Fish Chin 

43:1162‒1170 

Jinjin D, G Yanxia, L Yan, L Qiufeng, C Yufeng, L Bo, X LiMin, L JianGuo 

(2018). Effects of yeast polysaccaride on growth performance, 
digestion metabolism and serum biochemical indexes of sucking 

calves. Chin J Anim Nutr 30:4650‒4659 

Jumpertz R, DS Le, PJ Turnbaugh, C Trinidad, C Bogardus, JI Gordon, J 
Krakoff (2011). Energy-balance studies reveal associations between 

gut microbes, caloric load, and nutrient absorption in humans. Amer 

J Clin Nutr 94:58‒65  
Knights D, J Kuczynski, ES Charlson, J Zaneveld, MC Mozer, RG Collman, 

ST Kelley (2011). Bayesian community-wide culture-independent 

microbial source tracking. Nat Meth 8:761‒763  

Kong LC, B Wang, YM Wang, RG Hu, A Atiewin, YH Gao, HX Ma (2019). 

Characterization of bacterial community changes and antibiotic 
resistance genes in lamb manure of different incidence. Sci Rep 9; 

Article 10101 

Kovatcheva-Datchary P, A Nilsson, R Akrami, YS Lee, FD Vadder, T Arora, 
F Bäckhed (2015). Dietary fiber-induced improvement in glucose 

metabolism is associated with increased abundance of prevotella. 

Cell Metabol 22:971‒982  
Ley RE, PJ Turnbaugh, S Klein, JI Gordon (2006). Human gut microbes 

associated with obesity. Nature 444:1022‒1023  

Lozupone C, R Knight (2005). UniFrac: A new phylogenetic method for 
comparing microbial communities. Appl Environ Microbiol 

71:8228‒8235 

Mabrouk W, L Tilouch, S Mabrouk, N Jaidane, C Chaouch, N Boujaafar 
(2019). First occurrence of pediatric urinary tract infections caused 

by Streptococcus pneumoniae in a teaching hospital in Tunisia. Rev 

Med Microbiol 30:109‒112  
Mandal A, PK Sahi (2018). Saccharomyces boulardii in acute childhood 

diarrhoea. J Nepal Paediatr Soc 37:207‒208  

Mao H, C Wang, Z Yu (2019). Dietary leucine supplementation enhances 

the health of early weaned Hu lambs. Anim Feed Sci Technol 

247:248‒254  

McCoard SA, O Cristobal-Carballo, FW Knol, A Heiser, MA Khan, N 
Hennes, DR Stevens (2019). Impact of early weaning on small 

intestine, metabolic, immune and endocrine system development, 

growth and body composition in artificially reared lambs. J Anim Sci 
98; Article skz356  

Méabed EMH, DN Abdelhafez, YF Abdelaliem (2019). Saccharomyces 
boulardii inhibits the expression of pro-inflammatory cytokines and 

inducible nitric oxide synthase genes in the colonic mucosa of rats 

experimentally-infected with blastocystis subtype-3 cysts. 
Parasitology 146:1532–1540  

Modrackova N, E Vlkova, V Tejnecky, C Schwab, V Neuzil-Bunesova 

(2020). Bifidobacterium β-glucosidase activity and fermentation of 
dietary plant glucosides is species and strain specific. 

Microorganisms 8; Article 839  

Murphy P, FD Bello, J O'Doherty, EK Arendt, T Sweeney, A Coffey (2013). 
Analysis of bacterial community shifts in the gastrointestinal tract of 

pigs fed diets supplemented with β-glucan from Laminaria digitata, 

Laminaria hyperborea and Saccharomyces cerevisiae. Animal 
7:1079‒1087  

Ouyang W, A O'Garra (2019). IL-10 family cytokines IL-10 and IL-22: 

from basic science to clinical translation. Immunity 50:871‒891  
Peng Q, L Cheng, K Kang, G Tian, M Al-Mamun, B Xue, Z Wang (2020). 

Effects of yeast and yeast cell wall polysaccharides supplementation 

on beef cattle growth performance, rumen microbial populations and 
lipopolysaccharides production. J Integr Agric 19:810‒819  

Pradhan SK, U Kumar, NR Singh, H Thatoi (2019). Functional diversity 

and metabolic profile of microbial community of mine soils with 
different levels of chromium contamination. Intl J Environ Health 

Res 30:461-473  

Qian Y, X Yang, S Xu, C Wu, N Qin, SD Chen, Q Xiao (2018). Detection of 
microbial 16S rRNA gene in the blood of patients with Parkinson's 

disease. Front Aging Neurosci 10; Article 156  

Qin HE, W Zirui, Y Jinming, L Bowen, LU Yafei, LI Lanhai (2017). Effects 
of yeast cell wall polysaccharide on peripheral blood and gut 

immunity of weaned piglets. Chin J Anim Nutr 29:2502‒2511 

Quast C, E Pruesse, P Yilmaz, J Gerken, T Schweer, P Yarza, FO 

Glöckner (2012). The SILVA ribosomal RNA gene database 

project: improved data processing and web-based tools. Nucl 

Acids Res 41:590‒596  
Radhika G, S Jada, B Robert, BM Johnson, V Chenthamarakshan (2019). 

Pretreatment with yeast-derived complex dietary polysaccharides 

suppresses gut inflammation, alters the microbiota composition, and 
increases immune regulatory short-chain fatty acid production in 

c57bl/6 mice. J Nutr 150:1291–1302  

Ramayo-Caldas Y, N Mach, P Lepage, F Levenez, C Denis, G Lemonnier, J 
Estellé (2016). Phylogenetic network analysis applied to pig gut 

microbiota identifies an ecosystem structure linked with growth traits. 

ISME J 10:2973‒2977  



 

Liu et al. / Intl J Agric Biol, Vol 26, No 1, 2021 

 168 

Reinke S, M Linge, HH Diebner, H Luksch, S Glage, A Gocht, S Winkler 

(2020). Non-canonical caspase-1 signaling drives RIP2-dependent 
and TNF-α-mediated inflammation in vivo. Cell Rep 30:2501‒2511 

Schloss PD, SL Westcott, T Ryabin, JR Hall, M Hartmann, EB Hollister, CF 

Weber (2009). Introducing mothur: Open-source, platform-independent, 
community-supported software for describing and comparing 

microbial communities. Appl Environ Microbiol 75:7537‒7541  

Shanmugasundaram R, M Sifri, R Jeyabalan, RK Selvaraj (2014). Effect of 
yeast cell product (CitriStim) supplementation on Turkey 

performance and intestinal immune cell parameters during an 

experimental lipopolysaccharide injection. Poultr Sci 93:2763‒2771  
Singu BD, PR Bhushette, US Annapure (2020). Survivability assessment of 

saccharomyces boulardii in a symbiotic system using nutraceuticals 

and modified atmosphere packaging. Food Bioprocess Technol 
13:693‒704  

Sobhy NM, SGA Yousef, HA Aboubakr, M Nisar, KV Nagaraja, SK Mor, 

SM Goyal (2020). Virulence factors and antibiograms of Escherichia 
coli isolated from diarrheic calves of Egyptian cattle and water 

buffaloes. PLoS One 15; Article e0232890  

Sweeney T, CB Collins, P Reilly, KM Pierce, M Ryan, JV O'Doherty (2012). 

Effect of purified β-glucans derived from Laminaria digitata, 

Laminaria hyperborea and Saccharomyces cerevisiae on piglet 

performance, selected bacterial populations, volatile fatty acids and 
pro-inflammatory cytokines in the gastrointestinal tract of pigs. Brit J 

Nutr 108:1226‒1234  

Wang Y, X Liu, L Jin, Q Wen, Y Zhang, K Narasimha, Y Zheng (2018). 

Effects of fermented corn gluten meal on growth performance, serum 
parameters, intestinal morphology and immunity performance of 

three-yellow broilers. Can J Anim Sci 99:408–417  

Xiao Y, F Kong, Y Xiang, W Zhou, J Wang, H Yang, J Zhao (2018). 
Comparative biogeography of the gut microbiome between Jinhua 

and Landrace pigs. Sci Rep 8; Article 5985  

Xiao Y, K Li, Y Xiang, W Zhou, G Gui, H Yang (2017). The fecal 
microbiota composition of boar Duroc, Yorkshire, Landrace and 

Hampshire pigs. Asian-Aust J Anim Sci 30:1456‒1463  

Xu R, YH Lei, J Shi, YJ Zhou, YW Chen, ZJ He (2016). Effects of 
lactadherin on plasma D-lactic acid and small intestinal MUC2 and 

claudin-1 expression levels in rats with rotavirus-induced diarrhea. 

Exp Ther Med 11:943-950  
Yang G, P Zhang, H Liu, X Zhu, W Dong (2019a). Spatial variations in 

intestinal skatole production and microbial composition in broilers. 

Anim Sci J 90:412–422  
Yang H, R Feng, Q Fu, S Xu, X Hao, Y Qiu, S Zhang (2019b). Human 

induced pluripotent stem cell-derived mesenchymal stem cells 

promote healing via TNF-α-stimulated gene-6 in inflammatory 

bowel disease models. Cell Death Dis 10; Article 718  

Bukin YS, YP Galachyants, IV Morozov, SV Bukin, AS Zakharenko, TI 

Zemskaya (2019). The effect of 16s rRNA region choice on 
bacterial community metabarcoding results. Sci Data 6; Article 

190007 


