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This study examined the effect of different feeding methods on the rumen bacterial flora of Tan sheep, 
a Chinese indigenous breed, using 16S rDNA high-throughput analysis. The rumen fluid was collected 
from 9-month-old Tan sheep that were either house-fed or grazed. The results showed that the diversity of 
rumen flora in the grazing group was significantly higher than that in the house-raised group (P < 0.01). 
In the grazing group, the abundance of 96 genera was significantly higher than that in the house-raised 
group (P < 0.05), whereas in the house-raised group, the abundance of only 24 genera was significantly 
higher than that in the grazing group (P < 0.05). At the phylum level, the abundance of Bacteroidetes, 
Firmicutes, Fibrobacteres, and Tenericutes in the rumen of grazing Tan sheep was significantly higher 
than that in the house-raised group (P < 0.01), whereas the abundance of Proteobacteria in the rumen 
of the house-raised group was significantly higher than that in the grazing group (P < 0.01). At the 
generic level, the abundance of Fibrobacter, Ruminococcus, Lachnospiraceae_XPB1014_group, and 
Lachnospiraceae_NA, which are associated with hemicellulose degradation, and Desulfovibrio, which 
is associated with lactic acid oxidation, was significantly higher in the grazing than in the house-raised 
group (P < 0.01). The abundance of the acid-producing Enterobacter, Vibrio, and Selenomonas in the 
house-raised group was significantly higher than that in the grazing group (P < 0.05). The abundance of 
Prevotella_7 and Succinivibrionaceae-UCG-001 in the house-raised group was 272.07 and 7605.75% 
higher than that in the grazing group, respectively, but the abundance of Prevotella_1 in the house-raised 
group was 3657.96% lower than that in the grazing group, with these differences highly significant (P 
< 0.01). The higher abundance of Prevotella_7 in the house-raised group and the higher abundance of 
Prevotella_1 in the grazing group are differences worthy of further study in Tan sheep.

INTRODUCTION

All experimental sheep were slaughtered with non-
penetrating pneumatic stun guns, strictly following the 

animal welfare requirements of western countries. The Tan 
sheep, a type of Mongolian sheep, is a unique local sheep 
breed and a national second-class protected breed in China. 
Tan sheep are famous not only for their fleece but also for 
their delicate meat, which, with light odor, even distribution 
of fat between the muscles, and rich nutritional value, has 
become the top grade of mutton. Since 2003, the feeding 
and management mode of Tan sheep in Ningxia, China, 
has changed from grazing the animals to house-raising 
them. However, Luo et al. (2016) found that the mutton 
from sheep that were grazed tasted better than the mutton 
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from those that were house-raised, with the bitterness and 
astringency reduced with grazing. The contents of inosinic 
acid and inosine in the mutton from grazed sheep are higher 
than those in the mutton of house-raised sheep. The quality 
of mutton varies with different feeding methods, and the 
diet changes when sheep are house-raised. Similarly, Han 
(2015) found that diet is the main factor affecting rumen 
microbial flora. The principal co-ordinates analysis (PCoA) 
of rumen bacteria in goats fed grass were significantly 
different from those fed a 40:60 ratio of concentrate-to-
roughage (Grilli et al., 2016). Since the composition of 
diet affects the rumen microflora, ruminants are greatly 
affected by a change in feeding method. In this study, 16S 
rDNA high-throughput sequencing was used to investigate 
the changes in the structure of the rumen bacterial flora 
of 9-month-old Tan sheep under the two different feeding 
modes, i.e. grazed and house-raised sheep, with the goal to 
provide a basis for studying the mechanism of changes in 
meat quality under different feeding conditions.

MATERIALS AND METHODS

Test animals and management
Twenty-four 4-month-old Tan sheep of similar weight 
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and in good health were selected and divided into two 
groups of grazed and house-raised sheep, with 12 animals 
in each group-half male and half female. The grazing Tan 
sheep fed on mixed pasture. The feed of the house-raised 
Tan sheep was a mixed diet of concentrate: roughage at 
the ratio of 3:7. The concentrate was composed of corn, 
soybean meal and bran while the roughage meal contained 
Caragana korshinskii, corn straw, licorice seedlings, and 
bitter bean seedlings.

Sample collection and processing
Five Tan sheep randomly selected from each group 

were slaughtered at nine months and the rumen fluid 
collected. Five samples were collected from the grazing 
group (G9-1, G9-2, G9-3, G9-4, G9-5), and five samples 
were collected from the house-raised group (R9-1, R9-2, 
R9-3, R9-4, R9-5). The ten samples were filtered using 
four layers of gauze, all rumen fluid from each sample 
were collected as far as possible. The collected rumen fluid 
was transferred to the laboratory, and 50 mL of filtered 
rumen fluid was separately collected from each sample 
after mixing it well in a centrifuge tube and later stored in a 
freezer at –80°C for microbial analysis and determination.

PCR amplification
After the genomic DNA (DNA extraction kit: HiPure 

Stool DNA Kits (Magen, Guangzhou, China)) had been 
extracted from the rumen samples, to ensure the accuracy 
and reliability of follow-up experiments, moved random 
and part samples from the ten samples were used for pre-
PCR (PCR instrument (ETC811, EASTWIN, Beijing, 
China), PCR related reagent (TOYOBO, Japan), recovered 
and purified reagent: AMPure XP magnetic bead (Beckman 
Coulte, US) amplification experiments. These preliminary 
experiments were conducted to ensure that for most of 
the samples, the lowest cycle number could amplify the 
products to the appropriate concentration necessary to 
make full preparations for all the formal experiments. The 
purified PCR products were detected by 2% Agarose gel 
electrophoresis (Model DYY-6C (LIUYI, Beijing, China)). 
The amplified region was V3 + V4 of 16S rDNA. The primer 
sequences were 341F: CCTACGGGNGGCWGCAG and 
806R: GGACTACHVGGGTATCTAAT.

Methods
Tan sheep are usually slaughtered between six and 

nine months for market consumption. To analyze the 
diversity of species in individual samples, the analysis 
of alpha diversity is based on ACE, chao1, Shannon, 
and Simpson diversity indices. The values of ACE and 
chao1 are used as measures of species richness and are 
estimated. The Shannon index combines the homogeneity 
and abundance of operational taxonomic units (OUT) to 

reflect species diversity, and the Simpson diversity index 
measures the probability that in two consecutive random 
samplings, the species selected will be different.

Beta diversity analysis is a follow-up analysis that 
uses weighted and unweighted Unifrac indices. The 
unweighted Unifrac index only considers the presence or 
absence of species, whereas the weighted Unifrac index 
considers not only the presence or absence of species but 
also intuitively, the abundance of species.

The UPGMA (unweighted pair-group method with 
arithmetic means) means uses Mothur software, according 
to weighted and unweighted Unifrac matrix information. 
First, the two OTUs with the smallest distance are 
clustered, and then the two OTUs with the smallest 
distance are branched at 1/2 of the distance between the 
two OTUs. Then, the two OTUs with the smallest distance 
are clustered again, so as to complete the clustering of all 
OTUs and establish a complete phylogenetic tree. The 
more similar the samples are, the shorter the common 
branches.

The LEFse software was used to analyze the 
differences between groups. First, a Kruskal–Wallis rank 
sum test (a commonly used test method for the comparison 
of multiple samples) was performed among all groups of 
samples (Brown, 2015). Then, the screened differences 
were compared between the two groups by a Wilcoxon 
rank sum test (a commonly used test method for the group 
comparison of two samples) (Fang et al., 2012). Finally, 
the screened differences were sorted using the results of 
linear discriminant analysis (LDA).

HiSeq sequencing
The gel-cut products of the PCR amplification 

were recovered and quantified with a QuantiFluorTM 
fluorometer. The purified amplified products were mixed 
in equal amounts, connected with sequencing connectors, 
and used to construct sequencing libraries. A Hiseq2500 
PE250 (illumine, San Diego, US) was used for sequencing 
at Guangzhou Kidio Biotechnology Co., Ltd.

Statistical analysis
Excel 2010 (Microsoft, US) was used for preliminary 

data processing, and the processed data were analyzed 
based on a random block design using the SAS (statistical 
analysis system) 8.2 statistical software package (SAS 
Institute Inc., US). The data are expressed as the mean 
± standard error (SE). The criterion to judge whether a 
difference was significant was P < 0.05.

RESULTS

OTU dilution curve and OTU Shannon dilution curve
To verify the validity of the sequencing of the 
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diversity data of the rumen flora of Tan sheep in the 
grazing and house-raised groups, according to the relative 
ratio of OTUs of the measured sequence, the sequence 
less than the total number was randomly selected. To 
prepare the OTU dilution curve, the extracted sequence 
was sequenced, and the expected OTU number obtained. 
According to the same principle, a Shannon dilution curve 
was constructed to evaluate whether the sequencing depth 
covered all the groups in the sample. At the beginning of 
the sequencing, the OTU values increased sharply with the 
increase in sequencing depth (Figs. 1, 2). When the depth 
of sequencing reached 20000 reads, the curves changed 
more slowly but continued to increase, indicating that 
the sequencing was not complete. However, the Shannon 
dilution curve was saturated when the sequencing depth 
reached 20000 reads, indicating that the current sequencing 
depth was sufficient for the analysis of sample diversity; 
thus, a further increase in the sequencing quantity had no 
effect on species diversity.

Fig. 1. Relationship between sequencing depth and number 
of OTUs (organizational taxonomic unit) for bacteria in 
rumen samples of grazed (G9) and house-raised (R9) Tan 
sheep. Different colored lines identify different samples by 
sample identification (ID) number.

OTU analysis of rumen bacterial flora
After removing the low-quality and nonbiological 

sequences from the original data and splicing the valid 
sequences, the OTU clustering analysis was conducted 
at a 97% similarity level using Mothur software. Venn 
diagrams were constructed according to the common 
and unique OTUs of each sample (Fig. 3). Based on the 
statistical analysis of the OTU number of each sample 
(Table I), significant differences were detected in the OTU 
number of rumen flora between grazing and house-raised 
sheep, with the number of OTUs in the grazing group 

significantly higher than that in the house-raised group (P 
< 0.01). The number of OTUs of rumen bacterial flora in 
the grazing group was 1771, whereas the number of rumen 
bacterial flora OTUs in the house-raised group was 1188. 
The two groups shared 842 OTUs.

Fig. 2. Relationship between Shannon and number of 
OTUs (organizational taxonomic unit) for bacteria in 
rumen samples of grazed (G9) and house-raised (R9) Tan 
sheep. Different colored lines identify different samples by 
sample identification (ID) number.

Fig. 3. Venn diagram of common and unique rumen 
microorganism 0TUs in grazed (G9) and house-raised (R9) 
Tan sheep. Blue represents the OTUs of grazing group and 
green represents the OTUs of house-raising group, the 
intersecting part is a common OTUs.

Species classification analysis
The sequences were annotated to link the OTUs with 

species information, and each OTU represented a set of 
classification levels. The classification of microbial species 
includes seven grades: boundary, phylum, class, order, 
family, genus, and species. The two groups of samples 
were divided into species classification trees according 
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to the distribution of each level (Fig.  4). At each level, 
the abundance in the two groups was different. Nineteen 
phyla were found in the rumen fluid of sheep in the two 
feeding conditions, with 18 phyla in the grazing group 
and 16 phyla in the house-raised group. Three phyla were 
specific to the grazing group, Planctomycetes, Chloroflexi, 
and SR1, and one phylum was specific to the house-raised 
group, Fusobacteria. The bacteria in the two groups were 
concentrated in several phyla (Fig.  4), with 99.98% of 
the bacteria distributed in the Bacteroidetes, Firmicutes, 
Proteobacteria, and Fibrobacteres. The most abundant 
phylum in the grazing group was Fibrobacteres (1.38%), 

whereas the most abundant phylum in the house-raised 
group was Proteobacteria (20.36%).

Table I.- Number of OTUs for bacteria in the rumen 
fluid of grazing and house-raised Tan sheep.

Item Grazing group House-raised group
OTUs 1043.20±67.61A 677.40±8.75B

Note: In the same row, values without superscript letters are not 
significantly different (P > 0.05); whereas values with different small-
letter superscripts are significantly different (P < 0.05). For values with 
different capital-letter superscripts, the differences are highly significant 
(P < 0.01). The same applies to below.

Fig. 4. Species classification of rumen microorganisms in both grazed (G9) and house-raised (R9) Tan sheep. Red represents 
the grazing group and green represents the house-raising group, and different branches represent different classification levels, 
successively including boundary, phylum, class, order, family, genus and species.

J. Zhang et al.
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Fig. 5. Heat map of microbial Beta diversity index in rumen of grazed (G9) and house-raised (R9) Tan sheep. The color ranges 
from blue to red representing the range of 0 ~ 0.5. The larger the value, the greater the species abundance. A, unweighted; B, 
weighted.

Table II.- Richness and diversity indices of the bacteria 
in rumen fluid samples for grazing and house-raised 
groups of Tan sheep.

Item Index Grazing group House-raised group

Richness 
indices

ACE 1312.29±51.66A 1000.00±21.85B

chao1 1292.90±54.46A 961.35±24.42B

Diversity 
indices

Shannon 6.15±0.22A 4.37±0.055B

Simpson 0.95±0.0063A 0.89±0.0033B

Coverage 0.997±0.00019 0.997±0.000047

Alpha diversity analysis
In a comparison of samples, the species richness and 

diversity are higher with greater values of ACE, chao1, and 
the Shannon index and with the Simpson diversity index 
close to 1. The coverage rate of bacteria in both groups 
of sheep exceeded 99% (Table  II), which indicated that 
the data of both groups were valid and fully reflected the 
actual bacterial flora in the rumen samples. For the richness 
of rumen bacterial flora, the ACE and chao1 indices for 
the grazing group were significantly higher than those of 
the house-raised group (P < 0.01). For the diversity of 
rumen bacterial flora, the Shannon and Simpson indices 
were significantly higher in the grazing group than those 
in the house-raised group (P < 0.01). Thus, the richness 
and diversity of rumen bacterial flora of the grazing Tan 

sheep were significantly higher than those of the house-
raised Tan sheep.

Beta diversity analysis

Beta diversity index
The Pheatmap package in R language was used, and 

the intergroup weighted and unweighted Unifrac indices 
are displayed in thermal graphics (Fig.  5). The distance 
values in the house-raised group were between 0.3 and 0.4 
(Fig. 5A), indicating little difference in the abundance of 
species of bacteria in the house-raised group. The distance 
values in the grazing group were between 0.4 and 0.5, 
which indicated that the uniformity of bacterial species 
abundance in the grazing group was lower than that in the 
house-raised group. Thus, because the distances between 
the bacterial groups of the grazing group were higher than 
those between the bacterial groups of the house-raised 
group, the diversity of rumen bacterial flora in the grazing 
group was greater than that in the house-raised group. 
After abundance was weighted, the distance within the 
house-raised group was between 0.0 and 0.1, which further 
indicated that the species abundance of bacteria in the 
house-raised group was more homogeneous. The weighted 
distance in the grazing group was between 0.2 and 0.3, 
which indicated that the uniformity of species abundance 
of the flora in the grazing group was relatively low, 
although the species diversity of the grazing group was 
significantly higher than that in the house-raised group.
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Fig. 6. PCoA (principal co-ordinates analysis) of rumen microorganisms in grazed (G9) and house-raised (R9) Tan sheep. The red 
circles represent grazing samples and the blue triangles represent house-raising samples. A, unweighted; B, weighted.

Principal co-ordinates analysis (PCoA)
Based on the weighted and unweighted Unifrac data 

between samples, PCoA graphics were prepared (Fig. 6). 
The more similar the samples were, the closer the distance 
in the PCoA diagram. The rumen samples from the sheep in 
different environments showed differences in aggregation 
distribution for both unweighted (Fig. 6A) and weighted 
analyses (Fig. 6B). The bacterial flora in the grazing group 
showed a dispersed distribution, whereas the flora in the 
house-raised group showed an aggregated distribution, 
which indicated that the homogeneity of bacterial flora in 
the house-raised group was higher than that in the grazing 
group. For PCO1, the two groups of samples were completely 
separated, and the difference between the two groups was 
significant (P < 0.05); thus, the bacterial flora structure in 
the rumen of the two groups was significantly different.

UPGMA cluster analysis
No common branch was observed at the phylum 

and genus levels between the grazing group and the 
house-raised group (Fig.  7), although a common branch 
was observed within each group. This result showed 
that a difference existed between the house-raised and 
grazing groups, but the difference was small within 
each group. At the phylum level, the Fibrobacteres and 
Spirochaetae were both distributed in the grazing group, 
whereas the Fibrobacteres, Tenericutes, Spirochaetae, and 
Verrucomicrobia were at almost undetectable levels under 
house-raised conditions. Most Proteobacteria were found 
in the house-raised group, whereas Bacteroidetes and 

Firmicutes were more abundant in the grazing group than 
in the house-raised group.

In the two groups, 187 genera were identified, 
and between the groups, 33 of the genera showed 
highly significant differences (P < 0.01) and 42 of 
the genera showed a significant difference (P < 0.05). 
Prevotella_1, Prevotellaceae_UCG-001, Fibrobacter, and 
Rikenellaceae_RC9_gut_group were more abundant in the 
grazing group than in the house-raised group. Compared 
with the grazing group, the abundance of Prevotella_7, 
Succinivibrionaceae_UCG-001, Selenomonas, and 
Succinivibrio was higher in the house-raised group. The 
proportion of unclassified genera in the grazing group 
was significantly higher than that in the house-raised 
group. The abundance of Fibrobacter and Ruminococcus, 
associated with cellulose degradation, Lachnospiraceae_
XPB1014_group and Lachnospiraceae_NA, associated 
with hemicellulose degradation, and Desulfovibrio 
was significantly higher in the grazing group than that 
in the house-raised group (P < 0.01). The abundances 
of the acid-producing Enterobacter, Selenomonas, and 
Veillonellaceae_NA, which can utilize lactic acid, were 
significantly higher in the house-raised group than those 
in the grazing group (P < 0.05). For the distribution 
of Prevotella_1 and Prevotella_7, the abundance of 
Prevotella_7 was higher in the house-raised group than 
that in the grazing group (P < 0.01), whereas the abundance 
of Prevotella_1 was higher in the grazing group than that 
in the house-raised group (P < 0.01), which is a difference 
worthy of further study.
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Fig. 7. UPGMA (unweighted pair-group method with arithmetic means) cluster analysis of rumen microorganisms in grazed 
(G9) and house-raised (R9) Tan sheep. A, the phylum level, different colors represent different phylum; B, shows the genus level, 
different colors represent different genera. The closer the branch distance is, the higher the similarity between samples will be.

Variation in the structure of bacterial flora between the 
two groups

Figure  8A shows the species with significant 
differences in abundance in the different groups, and the 
length of the bar chart represents the size of the impact of 
the different species (LDA Score). Then, the evolutionary 
branch (Fig. 8B) was obtained by mapping the differences 
to a taxonomic tree with a known hierarchical structure. 
Based on the LEFse analysis of the differences of bacterial 

flora between the groups, the specific, main bacterial flora 
was identified between the groups. In the grazing group, 
96 categories were significantly higher than those in the 
house-raised group (P < 0.05) (Fig.  8A), whereas 24 
categories in the house-raised group were significantly 
higher than those in the grazing group (P < 0.05). Six flora 
groups played an important role in the house-raised group, 
and 36 flora groups played an important role in the grazing 
group (Fig. 8B).
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Fig. 8. Rumen microorganism LEFse difference analysis of grazed (G9) and house-raised (R9) Tan sheep. Red represents the 
grazing group and green represents the house-raising group. A, linear discriminant analysis (LDA); B, evolutionary branching. In 
the evolutionary branching diagram, the circles that radiate from inside to outside represent the taxonomic level from phylum to 
genus (or species). Each small circle at the different classification levels represents a classification at that level. The diameter of 
the small circle is proportional to the relative abundance. For the coloring scheme, the species that are not significantly different 
are uniformly colored yellow.

DISCUSSION

The rumen, as an important organ of nutrient 
digestion and absorption in ruminants, provides energy 
for ruminants through special processes of digestion 
and absorption. Bacteria, fungi, ciliates, protozoa, and 
other microorganisms inhabit in the rumen, but the most 

abundant species are bacteria. Bacteria play an important 
role in the digestion and absorption of three major nutrients 
(carbohydrate, fat and protein) and in the synthesis of 
vitamins in ruminants. The composition balance of rumen 
flora depends on the diversity and abundance of rumen 
bacteria.

According to the Venn diagrams of the OTU cluster 
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analysis, species specific to the grazing group and the 
house-raised group were identified, in addition to those 
in common. At the generic level, the difference between 
the two groups was significant, and the diversity of rumen 
bacteria in Tan sheep decreased under the house-raised 
mode of feeding. This result is consistent with that of Han 
(2015) who found that diet is the main factor affecting the 
microbial flora. In the rumen ecosystem, changes in the 
levels of crude dietary fiber cause changes in the bacteria 
of the rumen. With an increase in the intake of fiber in the 
diet, more time is spent chewing and the salivary secretions 
of ruminants increase, which can effectively neutralize 
rumen pH and provide a more suitable environment for 
the growth of bacteria (Sun et al., 2013; Wang, 2017; Yang 
et al., 2015).

In this study, the difference in the diversity of rumen 
microflora between the house-raised and grazing groups 
of Tan sheep can be explained by the difference in the 
feeding methods. In the house-raised group, the feed was 
coarse feed and concentrate, whereas in the grazing group, 
Tan sheep only ate coarse feed. The diversity of rumen 
microorganisms is greatly impacted by differences in diet, 
and the supply of concentrate reduced the diversity of 
rumen microorganisms in the house-raised group. Grilli et 
al. (2016) found that in goats fed grass, based on PCoA, 
rumen bacteria were significantly different from those 
fed with the ratio 40:60 concentrate-to-roughage. The 
abundance and homogeneity of rumen bacteria in goats 
fed grass were significantly higher than those fed with 
the 40:60 concentrate-to-roughage ratio. In this study, the 
alpha diversity and the beta diversity of the rumen flora 
were significantly higher in the grazing group than those 
in the house-raised group, but the homogeneity in the 
house-raised group was significantly higher than that in 
the grazing group. To explain this result, the grazing group 
had free-choice to select what to eat, which led to a variety 
of foods consumed and therefore lower homogeneity 
of the rumen flora. By contrast, the house-raised group 
was continuously fed the same diet, which increased the 
homogeneity of the rumen flora.

Under the experimental conditions, 19 total phyla 
were identified in the two groups of rumen microflora, 
with 18 phyla in the grazing group and 16 phyla in the 
house-raised group. Planctomycetes, Chloroflexi, and SR1 
were specific to the grazing group, whereas Clostridium 
spp. was exclusive to the house-raised group. Of the 
bacteria, 99.98% were distributed in the Bacteroidetes, 
Firmicutes, Proteobacteria, and Fibrobacteres. The highest 
relative abundance was for Bacteroidetes. However, for 
the distribution of the four groups of flora with the highest 
abundance, the differences were not significant between the 
grazing and house-raised groups. This result is consistent 

with that of Li et al. (2018), and similarly, Wang (2017) 
reported that the dominant bacteria at different levels of 
NDF are Bacteroidetes, Firmicutes, and Proteobacteria. 
Bacteroidetes are the primary bacteria to degrade 
nonfibrous carbohydrates among rumen microorganisms, 
with genes associated with the degradation of nonfibrous 
polysaccharides (Xu and Li, 2013). Yang et al. (2017) 
reported that the number of Proteobacteria bacteria in 
mammals has a large impact on growth and metabolism. 
Firmicutes primarily affect carbohydrate enzymes.

In this study, the abundance of Proteobacteria 
increased significantly in the house-raised group, but the 
abundance of Bacteroidetes, Firmicutes, Fibrobacteres, 
and Tenericutes was significantly reduced. In addition, 
the abundance of Spirochaetae and Verrucomicrobia 
was reduced significantly in the house-raised group. 
Moreover, Fibrobacters, Tencuteries, Spirochaetae, and 
Verrucomicrobia were almost nonexistent in this feeding 
condition. According to reports such as those by Han (2015) 
and Lin et al. (2016), the supplementation of concentrate 
increases the number of Proteus and decreases the number 
of Bacteroides in the rumen (Wang et al., 2016, 2018). 
Hook et al. (2011) show that the level of roughage intake 
not only affects the number of individual bacteria but also 
affects the total amount of microorganisms in the entire 
rumen ecosystem and results in changes in microbial flora 
diversity. When the rumen receives a certain level of feed 
for a long time, the rumen environment reaches a relatively 
stable state. A dynamic, balanced microbial ecosystem 
operates in the rumen, with close relationships among 
the microorganisms, mutually affecting one another. This 
dynamic balancing process changes the colonization, 
growth, and reproduction of microorganisms (Lu, 2017; 
Tang, 2018; Wu et al., 2016).

Under the experimental conditions, the rumen for the 
two feeding groups contained 187 genera of bacterial flora, 
with 179 genera in the grazing group and 137 genera in 
the house-raised group. Fifty genera were specific to the 
grazing group, and eight genera were specific to the house-
raised group. The results showed that the abundance of 
functional microflora in the rumen changed between the 
house-raised and grazing groups. Compared with the 
grazing group, the abundance of Succinivibrionaceae_
UCG-001 increased significantly and that of Selenomonas 
tended to increase in the house-raised group. These results 
are consistent with those of Zhang et al. (2018) for the 
rumen microorganisms of adult and lamb cashmere goats 
in grazing and house-raised groups during fattening, with 
the supply of concentrate improving the biosynthesis of 
lactic acid in the rumen. Fernando et al. (2010) show that 
many types and different quantities of cellulase occur in 
the rumens of cattle fed high-fiber diets, and when fed 
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a diet high in concentrate, the number of Bacteroidetes 
in the rumen increases. Similarly, with an increase in 
the proportion of concentrate, Megasphaera and others 
increase significantly, which shows that the rumen can 
re-establish the corresponding microecological system 
according to the change in dietary composition (Plaizier 
et al., 2017). In the current experiment, the abundance of 
Fibrobacter and Ruminococcus, associated with cellulose 
degradation, Lachnospiraceae_XPB1014_group and 
Lachnospiraceae_NA, associated with hemicellulose 
degradation, and Desulfovibrio was significantly higher 
in the grazing group than that in the house-raised group. 
The abundances of the acid-producing Enterobacter, 
Selenomonas, and Veillonellaceae_NA, which can utilize 
lactic acid, were significantly higher in the house-raised 
group than those in the grazing group. Thus, the structure 
of the bacterial flora changed in the house-raised group, 
and the abundances of the primary functional bacteria 
were different from those in the grazing group.

Prevotella reportedly composes up to 60–70% (Meyer 
et al., 2008) of rumen microorganisms. These bacteria 
are highly active hemifibrillar decomposers (Kamra, 
2005) that play an important role in the degradation of 
nonstructural carbohydrates and proteins (Evans et al., 
2011; Kiyoshi et al., 1999). In addition, Prevotella can 
also digest and utilize starch, xylan, and pectin (Evans et 
al., 2011; Kopecny et al., 2003; Matsui et al., 2000).

Pitta et al. (2014) found that the abundance of 
rumen Fibrobacter and Coccus of buffalo fed 100% fiber 
feed increased significantly, whereas Prevotella_7 was 
the most abundant when the concentrate: roughage ratio 
= 1:1. Among the bacteria identified in this experiment, 
the abundance of Prevotella_7 was significantly higher 
in the house-raised group than that in the grazing group, 
whereas the abundance of Prevotella_1 was significantly 
higher in the grazing group than that in the house-raised 
group. In addition, other bacteria related to Prevotella 
show differences. Zhang et al. (2018) found that the 
relative abundance of Prevotellaceae_UCG-001 and 
Prevotellaceae_UCG-003 increased significantly in the 
rumen of goats fed high-fiber diets. Grilli et al. (2016) 
showed that the abundance of Prevotella increased 
significantly in the rumen of goats fed high fiber ratio 
diets. These bacteria belong to the Bacteroidetes and 
Prevotellaceae and share the same homology with 
Prevotella. Thus, their functions in the rumen should 
be similar. However, Prevotella_1 was less abundant in 
the house-raised group than in the grazing group. The 
distribution of Prevotella_1 and Prevotella_7 between 
the two feeding groups was significantly different. This 
difference could be explained by the interaction between 
bacteria; for example, Prevotella_1 may has a synergistic 

effect on the degradation of fibers. However, to determine 
the specific mechanism, further study is needed.

CONCLUSIONS

Under the experimental conditions, the two groups of 
rumen bacterial flora included 187 genera, with 179 genera 
in the grazing group and 137 genera in the house-raised 
group. Fifty genera were specific to the grazing group, 
and eight genera were specific to the house-raised group. 
Under the different feeding methods, the diversity of the 
rumen bacterial flora of Tan sheep changed significantly. 
Compared with the grazing group, the diversity of the 
rumen bacterial flora of Tan sheep in the house-raised group 
decreased significantly. The structure of the microflora also 
changed significantly, and the abundance of microflora 
that played an important role changed significantly in the 
house-raised group. For the distribution of Prevotella_1 
and Prevotella_7, the abundance of Prevotella_7 was 
higher in the house-raised group than that in the grazing 
group, whereas the abundance of Prevotella_1 was higher 
in the grazing group than that in the house-raised group, 
which is a difference worthy of further study.
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