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Abstract

energy utilization.

The experiment was conducted to compare the growth performance, rumen fermentation, nutrient digestibility, and
ruminal and fecal bacterial community between yaks and cattle-yaks. Ten male yaks (36-month-old) were used as the
yak (YAK) group and 10 male cattle-yaks with similar age were selected as the cattle-yak (CAY) group. All the animals
were fed same ration and the experiment lasted for 60 days. The results showed that the average daily gain and dry
matter intake of CAY group were higher (P<0.05) than those of YAK group. The ruminal concentrations of total volatile
fatty acids, acetate, and butyrate were higher (P<0.05) in CAY group than those in YAK group. However, the neu-

tral detergent fiber and acid detergent fiber digestibility exhibited an opposite between two groups. In the rumen,
the relative abundances of Prevotella 1 and Prevotellaceae UCG-001 were higher (P<0.05) and Succiniclasticum and
Butyrivibrio 2 were lower (P <0.05) in YAK group compared to CAY group. In the feces, the unclassified Lachnospiraceae,
Lachnospiraceae NK4A136 group, and Lachnospiraceae AC2044 group were significantly enriched (P <0.05) in YAK group,
whereas the Ruminococcaceae UCG-010, Ruminococcaceae UCG-013, and Succiniclasticum were significantly enriched
(P<0.05) in CAY group. Overall, under the same diet, the yaks have higher fiber utilization and cattle-yaks have higher
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Introduction

The yak (Bos grunmniens) is an indigenous ruminant that
can adapt to the extremely harsh environment on the
Qinghai-Tibetan Plateau. The Qinghai-Tibetan Pla-
teau is characterized by high altitude, low temperature,
strong ultraviolet light, and severe cold. Most of yaks
are distributed in China, and the yak provides the major
living resources, including fur, fuel (feces for living
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fuel), milk, and meat for the local Tibetan herdsmen
(Ma et al. 2020b). The yak remains semi-domesticated
status, pasturing on the meadow with a natural mating,
and has a vital ecological niche in the Qinghai-Tibetan
Plateau ecosystem (Zhang et al. 2016). However, the cli-
matic environment of Qinghai-Tibetan Plateau is sharp
frost (average temperature — 15 to — 5 °C) in the long
cold season (from October to May). Due to the with-
ered and snow-covered grass, the forage is extremely
limited in the cold season. Thus, the energy and protein
intake are not enough for the maintenance requirement
of yaks. Generally, in the cold season, the yaks can
lose 25% of body weight (BW) (Long et al. 2004). The
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production performance of yaks cannot catch up with
beef cattle, which leads to lower economic income.

After long-term natural selection, the ruminal micro-
biota of yaks have higher ability of fiber degradation
(Ma et al. 2020c). In order to improve the production
performance of yaks on the plateau, the cattle-yak,
which has unique nutrient degradation capability, is
bred to combine the tolerance of cold and high alti-
tudes of yaks with the excellent productivity of other
cattle (Liao et al. 2018). The cattle-yaks are well adapted
to the harsh environment of plateau and display higher
growth performance compared to yaks. At present, the
yaks and cattle-yaks are widely pastured on the plateau
in China, but the feed efficiency of yaks and cattle-yaks
is lower. Most of yaks and cattle-yaks are slaughtered
without fattening process, which reduce the production
performance of animals.

Breed is an important factor that can affect the produc-
tion performance, rumen fermentation, nutrient digest-
ibility, and ruminal microbiota of ruminants (Carroll
et al. 2011; Zhu et al. 2020). Ruminal microbiota directly
or indirectly contributes to the animal production. A
previous study has compared the ruminal microbiota
of three beef cattle breeds by using metagenomics and
transcriptomics, and found that the ruminal microbiota
of three breeds was different in microbial populations or
digestive enzyme activities (Li et al. 2019a). The ruminal
microbiota, which plays an vital role in the rumen fer-
mentation, is composed of bacterial, archaea, fungi, and
protozoa (Morgavi et al. 2013). Xin et al. (2019) reported
that the dominant bacteria of rumen were distinct in
different cattle breeds, and the Prevotella and Succini-
clasticum were prevalent in yellow cattle, whereas the
Christensenellaceae R7 group and Lachnospiraceae UCG
008 group were abundant in yaks. Based on previous
studies mentioned earlier, we found that breed is a natu-
ral factor that can affect the feed utilization and ruminal
microbiota. However, under the same diet, the differ-
ences of production performance and gut microbiota of
yak and cattle-yak are still unclear.

In the current study, we hypothesized that the cattle-
yaks had the heterosis and might display higher growth
performance which may be attributed to the difference
of microbiota under the same diet. Therefore, we inves-
tigated the differences of growth performance, rumen
fermentation, nutrient digestibility, serum biochemi-
cal indexes, ruminal and fecal microbiota between yaks
and cattle-yaks under the same diet. These results will
be important for understanding the role of microbiota
in the nutrition and metabolism of yaks and cattle-yaks.
Moreover, the results will provide experimental basis
for the rational design and scientific raising of yaks and
cattle-yaks.
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Materials and methods

Experimental design, diet, and management

This experiment was conducted at Hongyuan Experi-
mental Station of Grassland Research Institute, Sichuan
Province, China (altitude approximately 3500 m; 32°48'N
latitude and 102°33'E longitude). Ten male Maiwa yaks
(36-month-old) were used as the yak (YAK) group.
Another 10 male cattle-yaks (Maiwa yak x 3Simmental
cattle) with the similar age were selected as the cattle-yak
(CAY) group. Animals in the two groups were housed
in 20 pens with 1 animal in each pen. All the cattle were
provided rations twice daily at 08:00 and 16:00 and had
free access to water.

Before experiment, all cattle were marked with ear
tags; meanwhile, parasites were expelled. A 10-d adaptive
phase was followed by 60 d of experimental period. All
cattle were fed with the same total mixed ration, which
was formulated according to the Chinese Beef Cattle
Raising Standard (NY/T815-2004). The ratio of concen-
trate to roughage of the diet was adjusted to 50:50. The
roughage was oat hay. The concentrates mainly com-
posed of corn, soybean meal, wheat bran, and premix.
The feed ingredients and chemical composition of basal
diet are presented in Table 1.

Sample collection
The BW of all cattle were measured on d 0 and 60 before
morning feeding, and the average daily gain (ADG) was

Table 1 Feed compositions and nutrient levels of the

experimental diet (dry matter basis)

Ingredients, % Nutrient levels, %

Oat hay 5000  NEgP®, MJ/kg 349
Corn 38.90 CcpP 10.22
Wheat bran 1.50 EE 237
Soybean meal 2.00 NDF 41.69
Rape cake 2.50 ADF 23.11
Fermented distiller’s grains 2.50 Ca 0.57
Soybean oil 0.40 p 0.31
CaHCO, 0.05
CaCo, 0.65
NaHCO, 0.50
Salt 0.50
Premix? 0.50

NEg net energy for gain, CP crude protein, EE ether extract, NDF neutral
detergent fiber, ADF acid detergent fiber

2The premix provided following per kilogram of the diet: Co (as cobaltous
chloride 6-hydrate) 0.12 mg, Cu (as copper sulfate) 11.67 mg, | (as calcium
iodate) 0.58 mg, Fe (as ferrous sulfate) 58.33 mg, Mn (as manganese sulfate)
23.33 mg, Se (as sodium selenite) 0.23 mg, Zn (as zinc sulfate) 35 mg, VA 2 200 IU,
VD 275 1U,VE 90 IU

b NEg was a calculated value; the other nutrient levels of the diet were measured
values
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calculated from the initial and final BW. Accurate feed
intake of each cattle was recorded daily and converted
into dry matter intake (DMI). Feed efficiency was deter-
mined by dividing DMI by ADG. On d 60, blood samples
were collected from all cattle via the jugular vein before
morning feeding. Then, the serum samples were obtained
by centrifugation at 3200g and 4 °C for 10 min. The serum
samples were collected in 1.5 mL sterile microtubes and
stored at — 20 °C for later analysis. On d 60, ruminal
fluid samples were collected using a flexible esophageal
tube (Anscitech Co., Ltd., Wuhan, Hubei, China) from all
animals at 4 h after morning feeding. The first 150 mL of
ruminal fluid samples were discarded in order to avoid
the saliva contamination. Subsequently, the ruminal pH
was measured immediately with a portable pH meter
(Anscitech Co., Ltd., Wuhan, Hubei, China). The fluid
samples were squeezed through 4 layers of cheesecloth
and transferred into sterile tubes. A part of fluid samples
were frozen immediately in liquid nitrogen and stored
at — 80 °C for analyzing bacterial community. The other
part of fluid samples were stored at — 20 °C for analysis
of rumen fermentation.

Beginning at 00:00 on d 58, fecal samples (about 300 g)
of all animals were collected at 6-h intervals for 3 d by
stimulating the rectum to induce defecation. The sam-
pling time on the following day was moved forward 2 h
(12 samples in total). The specific sampling time points
were as follows: (d 58: 00:00, 06:00, 12:00, and 18:00; d
59: 22:00, 04:00, 10:00, and 16:00 h; d 60: 20:00, 02:00,
08:00, and 14:00) (Ma et al. 2021). Meanwhile, the fresh
basal ration and orts were collected daily. A part of fecal
samples at every time point were frozen immediately in
liquid nitrogen and stored at — 80 °C for analyzing bacte-
rial community. Before analysis of bacterial community,
the fecal samples from the same cattle were thawed and
mixed, subsequently, the samples were used for high-
throughput sequencing. Additionally, the daily diets,
orts, and fecal samples were mixed, respectively by per
cattle, subsampled, and stored at — 20 “C for analysis of
nutrient digestibility.

Samples analysis

Before analysis, the serum samples were thawed and
thoroughly mixed. Subsequently, the concentrations of
total protein (TP), albumin (ALB), urea nitrogen (UN),
glucose (GLU), total cholesterol (TC), triglyceride (TG),
and non-esterified fatty acid (NEFA) in serum were
measured by a automatic biochemical analyzer (BS-280,
Mindray Bio-Medical Electronics Co., Ltd., Shenzhen,
Guangdong, China). Frozen ruminal fluid samples were
thawed and centrifuged at 15,000¢g for 10 min at 4 °C,
then the supernatant was analyzed for ruminal fermen-
tation parameters, including volatile fatty acid (VFA)
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(Erwin et al. 1961) and ammonia N (Broderick et al.
1980).

The feces, diets, and orts were thawed and dried at
65 °C for 48 h to a constant weight. The dried samples
were ground to pass through a 1-mm sieve (Anscitech
Co., Ltd., Wuhan, Hubei, China). Subsequently, the con-
tents of dry matter (DM), ether extract (EE), organic mat-
ter (OM), and crude protein (CP) in the feces, diets, and
orts were analyzed according to the AOAC (2006) proce-
dure. In addition, the neutral detergent fiber (NDF) and
acid detergent fiber (ADF) contents were measured with
the methods described by Van Soest et al. (Van Soest
et al. 1991). The nutrient digestibility (D, %) was ana-
lyzed using the acid-insoluble ash (AIA) ratio technique.
The contents of AIA in the feces (Af, %) and diets (Ad,
%) were determined reference to Van Keulen and Young
(1977). With the content of a nutrient in feces (Nf, %) and
diet (Nd, %), the nutrient apparent digestibility was cal-
culated with an equation as follows: D=[1— (Ad x Nf)/
(Af x Nd)] x 100.

Ruminal and fecal bacterial community analytical
procedure

Ruminal fluid and fecal samples of 5 cattle that were close
to the group average BW in each group were detected by
16S rRNA gene sequencing. The main methods of rumi-
nal and fecal bacterial DNA extraction and PCR ampli-
fication were followed the procedure described by our
previous study (Ma et al. 2020c). Briefly, the ruminal
fluid and fecal samples were used for total genomic DNA
extraction via the TIANamp Stool DNA Kit (TIANGEN,
Beijing, China). The 0.8% Agarose Gel Electrophore-
sis and a NanoDrop 2000 Spectrophotometer (Thermo
Scientific, Waltham, MA, United States) were used to
evaluate the concentration and purity of DNA. The uni-
versal primers 341F (5'-CCTACGGGRSGCAGCAG-3')
and 806R (5-GGACTACHVGGGTWTCTAAT-3') with
12 nt unique barcodes were used to amplify the V3-V4
variable region of the 16S rRNA gene from all DNA sam-
ples (Metzler-Zebeli et al. 2015). PCR products from all
samples were pooled with equal molar amount for sub-
sequent sequencing analysis. Sequencing libraries were
generated using TruSeq DNA PCR-Free Sample Prep
Kit (Illumina, San Diego, CA, USA) reference to the
manufacturer’s instructions and index codes were added.
The library were sequenced on an Illumina HiSeq 2500
platform (Illumina, San Diego, CA, USA) by 2 x 250 bp
paired-end sequencing.

Sequencing data analysis

The detailed methods of paired-end reads assembly,
operational taxonomic units (OTUs) clustering, and
taxonomy assignment were described in our previous
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study (Ma et al. 2020c). In order to avoid the effects
of sequencing depth on community diversity, all sam-
ples were homogenized and the sample with the least
amount of data was taken as the standard for re-sam-
pling. The sequencing data analysis was conducted
using R software (version 3.5.3) (R Core Team 2016).
The Vegan was used to calculate the alpha- and beta-
diversity parameters (Oksanen et al. 2016). Addition-
ally, the rarefaction curves were generated based on
the number of OTUs. The vegdist function of Vegan
was used to calculate the distance of Bray—Curtis. The
principal coordinates analysis (PCoA) was analyzed
using the ape package based on Bray—Curtis dissimilar-
ity matrices (Paradis et al. 2004), and the permutational
multivariate analysis of variance (PerMANOVA) was
calculated using the adonis function of Vegan. The heat
map was drawn with the dominant bacteria using the
z-score normalization for each sample [z score = (actual
relative abundance of a genus — mean relative abun-
dance of the same genus)/standard deviation].

Statistical analysis

All data were performed normality and homogeneity
of variances tests. Variables of growth performance,
rumen fermentation, nutrient digestibility, serum
parameters, alpha-diversity indexes, and bacterial rela-
tive abundance were analyzed by independent sample
t-test of the SPSS statistical software (version 22.0 for
Windows; SPSS, Chicago, USA), with each animal as
an experimental unit. If the data did not satisfy normal
distribution or homogeneity of variance, this data was
analyzed using the non-parametric test of SPSS soft-
ware. Data were shown as means and standard error
of mean (SEM). A significance level was indicated at
P<0.05, and a trend was declared at 0.05 < P<0.10.

Table 2 The differences of growth performance between yaks
and cattle-yaks

Items Groups SEM P-value
YAK CAY

Initial BW, kg 179.30 208.00 7.013 0.011

Final BW, kg 210.00 247.80 8.819 0.004

DM, kg/d 4.77 5.02 0.116 0.014

ADG, kg/d 0.51 0.65 0.034 0.005

FE 9.38 7.67 0.392 0.062

BW body weight, DMI dry matter intake, ADG average daily gain, SEM standard
error of mean, YAK yaks (n=10), CAY cattle-yaks (n=10). FE=DMI/ADG
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Results

Growth performance

The initial BW, final BW, DMI, and ADG of CAY group
were higher (P<0.05) than those of YAK group. Addi-
tionally, the DMI-to-ADG ratio in the CAY group was
slightly lower (P=0.062) as compared with the YAK
group (Table 2).

Rumen fermentation

Ruminal pH was similar (P>0.05) and averaged 6.59
and 6.61 in the YAK and CAY groups (Table 3). No
significant difference (P>0.05) of ammonia N concen-
tration was observed between two groups. The con-
centrations of total VFA, acetate, and butyrate of CAY
group were higher (P<0.05) than those of YAK group.
Furthermore, the CAY group exhibited a slightly higher
(P=0.062) propionate concentration as compared to
YAK group. However, the acetate-to-propionate ratio
displayed an opposite trend between two groups.

Table 3 The differences of rumen fermentation between yaks
and cattle-yaks

Items Groups SEM P-value
YAK CAY
pH 6.59 6.61 0.081 0910
Total VFA, mmol/L 69.92 8047 2.350 0.013
Acetate, mmol/L 48.60 54.50 1.569 0.016
Propionate, mmol/L 13.20 16.22 0.553 0.062
Butyrate, mmol/L 8.12 9.75 0.351 0.009
Acetate-to-propionate ratio 3.71 3.36 0.016 0.088
Ammonia N, mg/dL 11.07 10.70 0.754 0.824

VFA volatile fatty acid, SEM standard error of mean, YAK yaks (n=10), CAY cattle-
yaks (n=10)

Table 4 The differences of nutrient apparent digestibility
between yaks and cattle-yaks (%)

Items Groups SEM P-value
YAK CAY
DM 7732 7393 1.347 0.227
oM 89.63 7856 1.349 <0.001
cP 71.95 64.25 2224 0.081
EE 77.60 69.19 3.181 0.228
NDF 70.60 59.88 2453 0.033
ADF 66.51 55.08 2.393 0.019

DM dry matter, OM organic matter, CP crude protein, EE ether extract, NDF
neutral detergent fiber, ADF acid detergent fiber, SEM standard error of mean;
YAK yaks (n = 10), CAY cattle-yaks (n=10)
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Nutrient digestibility

Notably, the apparent digestibility of DM and EE were
not different (P>0.05) between two groups (Table 4).
However, the OM, NDF, and ADF digestibility of YAK
group were higher (P<0.05) than those of CAY group.
Additionally, the CP digestibility in YAK group tended
to be higher (P=0.081) than that in CAY group.

Serum biochemical indexes

The contents of TP, ALB, UN, GLU, TC, TG, and NEFA
were similar (P>0.05) between YAK and CAY groups
(Table 5).

Microbial data acquisition and analysis

In the current study, 20 samples from the ruminal
fluid and feces were collected from two groups. We
obtained a total of 701,130 raw sequences by 16S rRNA
gene sequencing, with an average of 35,057 +2927
(mean * standard error) sequences per sample. After
quality filtering of sequence, the effective sequences
were obtained, with an average of 33,680+42926
sequences per sample (Additional file 1: Table S1). The
average sequencing length was 296+2 bp. Based on a
97% nucleotide sequence identity between reads, the
numbers of OTUs were 2589 and 2004 in the rumen
and feces, respectively. The Q30 (Additional file 1:
Table S1) and rarefaction curves (Additional file 1: Fig.
S1) were generated for per sample to assess whether
sampling provided sufficient OTUs coverage to accu-
rately describe the bacterial community. In this study,
the curves of all samples reached a plateau, indicating
that a sufficient number of sequences were generated to
explore bacterial diversity in the rumen and feces.

Table 5 The differences of serum biochemical indexes between
yaks and cattle-yaks

Items Groups SEM P-value
YAK CAY
TP g/L 77.10 76.14 1.347 0.752
ALB, g/L 3333 31.27 0911 0.270
UN, mmol/L 5.28 5.70 0.302 0573
GLU, mmol/L 5.09 4.95 0.138 0.677
TC, mmol/L 1.98 212 0.101 0.590
TG, mmol/L 0.34 0.34 0.024 0.940
NEFA, mmol/L 0.14 0.13 0.007 0457

TP total protein, ALB albumin, UN urea nitrogen, GLU glucose, TC total
cholesterol, TG triglyceride, NEFA non-esterified fatty acid, SEM standard error of
mean, YAK yaks (n=10), CAY cattle-yaks (n=10)
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Bacterial alpha- and beta-diversity analysis
Alpha-diversity analysis showed that the observed spe-
cies, ACE, Chaol, Shannon and indexes in the rumen
were similar (P>0.05) between the YAK and CAY groups
(Table 6). In the feces, no obvious difference (P>0.05)
of Chaol and ACE indexes was observed between two
groups. However, the observed species of CAY group was
higher (P=0.014) than that of YAK group. Additionally,
the Shannon index of CAY group tended to be higher
(P=0.069) as compared to YAK group.

In this study, based on Bray—Curtis dissimilarity matri-
ces, when using PCoA to determine the structure of
microbiota in the rumen and feces between the YAK and
CAY groups, the bacterial communities in the rumen
(Fig. 1A) and feces (Fig. 1B) were clearly separated from
each other. Meanwhile, the PerMANOVA was used to
evaluate whether there is a significant difference of dis-
tance between the YAK and CAY groups. The results
revealed significant differences in the rumen (R?=0.273,
P=0.007) and feces (R?=0.204, P=0.007) between two
groups (Additional file 1: Table S2).

Bacterial community in the rumen and feces

In the rumen, a total of 17 phyla were observed in
10 samples, of which Bacteroidetes (YAK=66.37%
and CAY=41.28%), Firmicutes (YAK=32.78% and
CAY =55.32%), and Proteobacteria (YAK=2.75% and
CAY =1.62%) were the most abundant (Fig. 2A; Addi-
tional file 1: Table S3). Compared with YAK group, the
relative abundances of Firmicutes and Verrucomicrobia
were significantly increased (P<0.05) in CAY group.
However, the Bacteroidetes and Saccharibacteria showed
an opposite trend between two groups. Furthermore,
a higher (P<0.05) Firmicutes-to-Bacteroidetes ratio
(F/B ratio) was recorded in CAY group as compared to

Table 6 Comparison of alpha-diversity indexes in the rumen
and feces of yaks and cattle-yaks

Items Groups SEM P-value
YAK CAY

Rumen
Observed species 1277.80 1355.80 41.892 0430
Chaol 1540.92 1591.96 45259 0.638
ACE 1538.92 1600.44 44.785 0.565
Shannon 6.02 6.17 0.090 0497

Feces
Observed species 897.80 996.60 22.190 0014
Chaol 117518 1284.89 33613 0.104
ACE 1220.33 1303.95 31.887 0.207
Shannon 538 5.74 0.101 0.069

SEM standard error of mean, YAK yaks (n=15), CAY cattle-yaks (n=5)
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YAK group (Fig. 3). At the genus level, results showed
that the predominant genera in the rumen of yaks and
cattle-yaks mainly included Prevotella 1 (YAK=30.90%
and CAY 16.48%), Succiniclasticum (YAK=3.62% and
CAY =10.35%), unclassified Bacteroidales BSII1 gut
group (YAK=8.39% and CAY=5.34%), and Rikenel-
laceae RC9Y gut group (YAK=7.91% and CAY=5.75%)
(Fig. 4A; Additiona file 1: Table S3). The relative abun-
dances of Succiniclasticum, unclassified Bacteroidales
S§24-7 group, Ruminococcaceae NK4A214 group, Eubac-
terium coprostanoligenes group, Butyrivibrio 2, and

Saccharofermentans in CAY group were significantly
higher (P<0.05) than those in YAK group. Besides, the
CAY group tended to have a higher relative abundances
of Christensenellaceae R-7 group (P=0.066) and unclas-
sified Lachnospiraceae (P=0.062) as compared with
YAK group. However, the Prevotella 1 and Prevotellaceae
UCG-001 relative abundances were higher (P<0.05) in
YAK group that those in CAY group.

In the feces, we identified 16 phyla from YAK and
CAY groups. The majority of the bacteria belonged
to the Firmicutes (YAK=79.93% and CAY=79.14%),
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Bacteroidetes (YAK=17.85% and CAY=15.33%), and
Spirochaetae (YAK=0.50% and CAY =2.50%), account-
ing for more than 95% of all bacterial taxa (Fig. 2B;
Additional file 1: Table S4). The relative abundance of
Proteobacteria in CAY group was higher (P=0.039)
than that in YAK group. No obvious difference (P>0.05)
of other bacterial phyla was found between two groups.
The F/B ratio was similar (P>0.05) in the fecal sam-
ple between two groups (Fig. 3). At the genus level,
the Ruminococcaceae UCG-005 (YAK=27.60% and
CAY=29.23%) was the most dominant bacterium in
the feces of two groups, followed by unclassified Lach-
nospiraceae (YAK=10.12% and CAY =5.51%), Rikenel-
laceae RCY gut group (YAK=5.84% and CAY =5.04%),
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and Lachnospiraceae NK4A136 group (YAK=5.74%
and CAY=3.99%) (Fig. 4B; Additional file 1: Table S4).
Compared with YAK group, the bacteria, including
Ruminococcaceae UCG-010, Ruminococcaceae UCG-
013, Ruminococcaceae NK4A214 group, and Succini-
clasticum, were significantly enriched (P<0.05) in CAY
group. However, the unclassified Lachnospiraceae, Lach-
nospiraceae NK4A136 group, Pseudobutyrivibrio, unclas-
sified Bacteroidales S24-7 group, and Lachnospiraceae
AC2044 group were significantly enriched (P<0.05) in
YAK group. In addition, the relative abundance of Eubac-
terium coprostanoligenes group in CAY group was slightly
higher (P=0.089) than that in YAK group.

Discussion

Under the condition of ensuring that different breeds
of beef cattle are of similar age, it is difficult to meet the
requirement of same weight. Our previous study found
that in beef cattle, the BW of introduced breed was
higher than that of local breed under the same age con-
dition (Wang 2019). In the present study, the ADG and
feed efficiency of CAY group were higher than those of
YAK group. The reason may be that cattle-yaks has the
heterosis created by the Simmental cattle genes. Cao
et al. (2018) reported that the withers height, chest girth,
and BW of 24-month-old cattle-yaks were higher than
those of yaks with similar age, which was basically in line
with our study. Blood biochemical indexes are associ-
ated with the health of animals. To a certain extent, the
biochemical indexes can not only reflect the changes
of organ function, but also reflect the metabolic status
of body (Ma et al. 2021). The contents of TP, ALB, UN,
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and GLU in serum can be used to reflect the protein and
energy metabolism, while TG and NEFA are key indexes
of lipid metabolism (Ma et al. 2021). In the present
study, no significant difference of serum parameters was
observed between YAK and CAY groups, indicating that
yaks and cattle-yaks were both in normal condition.

On the other hand, our study found that the YAK
group showed higher apparent digestibility of NDF and
ADF compared to CAY group. In general, the apparent
digestibility of ruminants is influenced by the digest-
ibility characteristics of diet and ruminal microbiota
(Dschaak et al. 2011). In our study, all animals were fed
the same diet. Previous studies have confirmed that the
yaks possess a unique ruminal microbial ecosystem and
the nitrogen utilization is more efficient than cattle living
in low altitude areas (Long et al. 1999; Huang et al. 2012;
Wang et al. 2016). In the rumen of yaks, when the feed
resources are scarce, the microbes can efficiently degrade
natural grass or withered grass to meet the nutritional
requirement; besides, the microbes can produce higher
activity of lignocellulose hydrolase, which are conducive
to increasing the fiber digestibility (An et al. 2005). In the
following study, we investigated the bacterial community
in the rumen and feces of yaks and cattle-yaks.

The ruminal pH, which normally ranges from 6 to 7,
can be used to evaluate the health condition of rumen.
The ruminal pH affects the growth and proliferation of
microbes, and then regulates the ruminal VFA produc-
tion (Wales et al. 2004). In the current study, the ruminal
pH of two groups was within the normal range of 6.59—
6.61. Generally, the ruminal ammonia N concentration
is 6~30 mg/dL (Preston et al. 1988). The concentration
of ammonia N in YAK and CAY groups was within the
normal scope. Shi et al. (2019) found that the ammonia N
concentration in the rumen of yaks was higher than that
of cattle-yaks in summer and winter. However, our study
showed that the ruminal ammonia N concentration was
similar between two groups. In Shi et al. (2019) study, the
feed was different; but in our study, the diet was same.
The VFAs are mainly produced by microbial degrada-
tion of carbohydrates in the rumen (He et al. 2018). As
the main energy substrate, VFAs are rapidly absorbed by
the ruminal epithelium and provide approximately 80%
of energy requirements for ruminants (Gbel et al. 1997).
In the current study, the concentrations of acetate, propi-
onate, butyrate, and total VFA in CAY group were higher
than those in YAK group. Therefore, the cattle-yak could
obtain more energy than yak from the same diet, which
was beneficial to promote the growth performance.
Previous studies in vivo (Huang et al. 2012) and in vitro
(Zhang et al. 2016) found that the total VFA concentra-
tion was higher in yaks than that in cattle under grazing
condition. Another study reported that ruminants with
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higher DMI had higher level of VFA concentration in the
rumen (Shi et al. 2019), which were consistent with our
results. The lower acetate-to-propionate ratio provides
faster and higher energy for the body, which is beneficial
to improve the growth performance of animals (Ma et al.
2020a). The higher acetate-to-propionate ratio means
better cellulose digestibility (Zhou et al. 2017). Our study
found that the YAK group exhibited a slightly higher
acetate-to-propionate ratio, which matched the fiber
digestibility.

Gastrointestinal microbiota plays an important role
in the metabolism of exogenous and endogenous sub-
strates into nutrients which can be used directly by the
host (Holmes et al. 2012). In the present study, we com-
pared the bacterial community in the rumen and feces
of YAK and CAY groups. Our study found that the phyla
Firmicutes and Bacteroidetes were the dominant bacteria
of rumen and feces in YAK and CAY groups. Consistent
with our results, the 2 phyla were also identified to be
presented abundantly in the gut of yaks (Xue et al. 2016;
Cui et al. 2020), dairy cattle (Mao et al. 2015) and steers
(Oliveira et al. 2013), suggesting the important functional
role of Bacteroidetes and Firmicutes in the gut of rumi-
nants. Furthermore, the PCoA results revealed that the
bacterial composition and structure in the rumen were
distinct between YAK and CAY groups. In accordance
with our results, in beef cattle, Li et al. (2019b) found
that the diversity and structure of ruminal bacteria were
distinct among different breeds. Another study only
showed differences in the structure of ruminal bacteria
among different breeds, but the diversity index was simi-
lar (Li et al. 2019a). Therefore, host genotype might affect
the ruminal microbiota to some extent. Unfortunately,
at present, few studies were conducted to evaluate the
effects of breed on the bacterial community in the feces
of ruminants. Our study found that the diversity and
structure of bacteria in the feces were different between
yaks and cattle-yaks.

In ruminants, the ruminal bacteria digest the feedstuff
and convert it into VFAs, microbial protein, and vitamins
to meet the requirements for maintenance, growth, and
health of the host and themselves (Zhu et al. 2020). Ma
et al. (2020c¢) reported that Firmicutes had an important
function in the process of energy absorption. Moreover,
Firmicutes have been verified to be involved in the deg-
radation of oligosaccharide as well as VFA production
(Mao et al. 2015). Our previous study found that grazing
yaks with low feed efficiency showed lower Firmicutes
relative abundance in the rumen (Zou et al. 2019). The
increased relative abundance of Firmicutes, which can
result in higher F/B ratio, is related to higher feed utili-
zation of cattle (Myer et al. 2015). In human study, the
higher F/B ratio in the gut was confirmed to be associated
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with obesity (Turnbaugh et al. 2006). In our study, the
CAY group exhibited higher relative abundance of Fir-
micutes and F/B ratio compared to YAK group, indicating
that the cattle-yak had higher energy utilization, thereby
providing more energy for host to improve the weight
gain. The phyla Saccharibacteria is related to cellulose
utilization, and regarded as the utilization bacteria in the
plant structure polysaccharide cellulose (Opdahl et al.
2018). In addition, a study on sheep found that the rela-
tive abundance of Saccharibacteria was negatively corre-
lated with ADG (Du et al. 2019). The current study found
that compared to YAK group, the CAY group displayed
lower relative abundance of Saccharibacteria. This may
explain the phenomenon that the cattle-yaks have lower
NDF digestibility and higher ADG.

At the genus level, in the current study, the relative
abundances of Prevotella 1 and Prevotellaceae UCG-001
in YAK group was higher than those in CAY group. The
bacteria belonging to Prevotellaceae play an essential role
in the decomposition of protein, starch, and hemicellu-
lose (Rubino et al. 2017). Results from our study revealed
that the yaks had higher ability of CP and fiber degrada-
tion, which were consistent with the results of nutrient
digestibility. In the rumen, the Succiniclasticum can pro-
vide energy for ruminants through converting succinate
into propionate (Vangylswykm et al. 1995). The main
butyrate-producing anaerobic bacteria are Butyrivibrio
fibrisolvens strains, and the important characteristic of
bacteria belonging to genus Butyrivibrio is the produc-
tion of butyrate (Xiao et al. 2016). Moreover, the Sac-
charofermentans in the rumen can degrade the plant
polysaccharide and the final fermentation products are
acetate and propionate (Perea et al. 2017). In the present
study, the CAY group showed higher relative abundances
of Succiniclasticum, Butyrivibrio 2, and Saccharofermen-
tans compared to YAK group, indicating that the cattle-
yak could produce higher level of VFA, which were line
with the results of rumen fermentation.

Previously, a research reported that Bacteroidetes
and Firmicutes were the dominant bacteria in the feces
of calves, accounting for more than 90% of the total
bacteria (Meale et al. 2017). Consistent with previous
research, our results showed that Bacteroidetes and Fir-
micutes were the dominant bacteria in the feces of YAK
and CAY groups. Proteobacteria can be used as a micro-
bial signature of dysbiosis in gut microbiota. When the
relative abundance of Proteobacteria is higher, the gut
may suffer from inflammation (Shin et al. 2015). In our
study, the Proteobacteria relative abundance of CAY
group was higher that that of YAK group. However,
the relative abundance of Proteobacteria in the feces of
yaks and cattle-yak was lower compared to the previous
study in ruminants (Oliveira et al. 2013), which might
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be attributed to the living environment. Similar to the
ruminal microbiota, in the hindgut of bovine species, the
microbiota possess cellulase, deaminase, protease, and
urease activities, and the fermentation products include
VFA, ammonia N, and microbial cells. In dairy cattle,
~ 5-10% of total tract carbohydrate is degraded in the
hindgut (Gressle et al. 2011; Stevens et al. 1980).

At the genus level, Mao et al. (2015) found that the
dominant bacteria in the rectal contents of Holstein
cows are unclassified Ruminococcaceae, Peptostrepto-
coccaceae, and Clostridium, whereas Meale et al. (2017)
reported that the unclassified Ruminococcaceae and Bac-
teroides were the main bacteria in the feces of weaned
calves. The Ruminococcaceae UCG-005 and unclassified
Lachnospiraceae were the predominant bacteria in the
current study, which might be due to the differences in
diet and age of animals. The bacteria belonging to the
Lachnospiraceae have been verified to generate the cel-
lulase, which play an vital role in the decomposition of
fiber in the gut (Li et al. 2019b). We found that the rela-
tive abundance of unclassified Lachnospiraceae, Lachno-
spiraceae NK4A136 group, and Lachnospiraceae AC2044
group in YAK group was higher, which was conducive to
improving the fiber digestibility. The unclassified Bacte-
roidales S24-7 group can secrete carbohydrate degrading
enzymes. In particular, it has been described as play-
ing an important role in the degradation of polysaccha-
rides, such as starch, hemicellulose and pectin (Ormerod
et al. 2016). Compared with CAY group, the YAK group
showed higher relative abundance of unclassified Bacte-
roidales S24-7 group, indicating that yak had higher abil-
ity of fiber degradation. In accordance with rumen, the
CAY group showed higher relative abundance of Suc-
ciniclasticum compared to YAK group. A previous study
reported that the beef cattle with high feed efficiency had
higher relative abundance of Ruminococcaceae in the
gut (Li et al. 2017). We found that the Ruminococcaceae
UCG-010, Ruminococcaceae UCG-013, and Rumino-
coccaceae NK4A214 group relative abundances of CAY
group were higher than those of YAK group. The results
indicated that cattle-yak had higher feed efficiency,
which matched the growth performance data. To sum
up, the bacterial community showed obvious difference
between yaks and cattle-yaks. However, the knowledge
of the functional role of microbiota is still limited. In the
future, meta-omics approaches should be used to further
explore the microbial difference among different kinds of
ruminants, especially animals living in plateau.

In the current study, the yaks showed higher digest-
ibility of NDF and ADF, whereas the cattle-yaks displayed
higher ADG and ruminal VFA concentrations. These
results may be partly attributed to the difference of bacte-
rial community in the gut. The Prevotella 1, Prevotellaceae
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UCG-001, unclassified Lachnospiraceae, Lachnospiraceae
NK4A 136 group, and Lachnospiraceae AC2044 group were
significantly enriched in yaks, and the Succiniclasticum,
Butyrivibrio 2, Saccharofermentans, and Ruminococcaceae
UCG-010 were significantly enriched in cattle-yaks.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513568-021-01259-9.

Additional file 1: Table S1. Data acquisition of all samples. Table S2.
Analysis of PerMANOVA results of bacterial community according to
ruminal fluid and fecal samples between YAK and CAY groups. Table S3.
Comparison of the relative abundance (%) of the representative bacteria
at the phylum and genus level in the rumen of yaks and cattle-yaks.

Table S4. Comparison of the relative abundance (%) of the representative
bacteria at the phylum and genus level in the feces of yaks and cattle-yaks.
Fig. S1. Rarefaction curves for all ruminal and fecal samples.

Acknowledgements
We would like to thank the Hongyuan Experimental Station of Grassland
Research Institute (Hongyuan, Sichuan, China) for providing the facilities.

Authors’ contributions

Conceptualization, QD, JM, and ZW; methodology, QD and GC; software, JM;
validation, RH and ZW; formal analysis, YZ and HZ; investigation, QD, JM, GC,
GL, QP BX, and LW; resources, HZ and ZW; data curation, QD, JM, and ZW;
writing—original draft preparation, QD and JM; writing—review and editing,
QD, JM, RH, HZ, and ZW; visualization, QD, JM, and YZ; supervision, ZW; project
administration, ZW; funding acquisition, ZW. All authors have read and agreed
to the published version of the manuscript.

Funding
This research was funded by China Agriculture (Beef Cattle/Yak) Research
System of MOF and MARA(CARS-37).

Availability of data and materials
The sequences from the current study have been deposited in the NCBI
Sequence Read Archive database with the accession number PRINA714754.

Declarations

Ethics approval and consent to participate

All experimental procedures were authorized and approved by the Institu-
tional Animal Care and Use Committee of Sichuan Agricultural University
(Code-SYXK-Chuan-2014-184).

Consent for publication
Not applicable.

Competing interests
No conflict of interest existed for any of the authors of this manuscript.

Author details

'Low Carbon Breeding Cattle and Safety Production University Key Laboratory
of Sichuan Province, Animal Nutrition Institute, Sichuan Agricultural University,
Chengdu 611130, China. “College of Animal Science, Xinjiang Agricultural
University, Urumchi 830052, China.

Received: 10 April 2021 Accepted: 17 June 2021
Published online: 30 June 2021

Page 10 of 11

References

An D, Dong X, Dong Z (2005) Prokaryote diversity in the rumen of yak (Bos
grunniens) and Jinnan cattle (Bos taurus) estimated by 16S rDNA homol-
ogy analyses. Anaerobe 11(4):207-215

AOAC (2006) Official methods of analysis, 18th edn. Association of Official
Analytical Chemists, Gaithersburgs, MD

Broderick GA, Kang JH (1980) Automated simultaneous determination of
ammonia and total amino acids in ruminal fluid and in vitro media. J
Dairy Sci 63(1):64-75

Cao X, Cheng J, Huang Y, Wang X, Ma Y, Peng S, Chaogetu B, Zhuoma Z, Chen
H (2018) Growth performance and meat quality evaluations in three-way
cross cattle developed for the Tibetan Plateau and their molecular under-
standing by integrative omics analysis. J Agric Food Chem 67(1):541-550

Carroll JA, Burdick NC, Reuter RR, Chase CC, Spiers DE, Arthington JD, Coleman
SW (2011) Differential acute phase immune responses by Angus and
Romosinuano steers following an endotoxin challenge. Domest Anim
Endocrin 41(4):163-173

CuiZ,Wu S, Li J,Yang Q, Chai S, Wang L, Wang X, Zhang X, Liu S, Yao J (2020)
Effect of alfalfa hay and starter feeding intervention on gastrointestinal
microbial community, growth and immune performance of yak calves.
Front Microbiol 11:994

de Oliveira MNV, Jewell KA, Freitas FS, Benjamin LA, Totola MR, Borges
AC, Moraes CA, Suen G (2013) Characterizing the microbiota across
the gastrointestinal tract of a Brazilian Nelore steer. Vet Microbiol
164(3-4):307-314

Dschaak CM, Noviandi CT, Eun JS, Fellner V, Young AJ, ZoBell DR, Israelsen CE
(2011) Ruminal fermentation, milk fatty acid profiles, and productive
performance of Holstein dairy cows fed 2 different safflower seeds. J
Dairy Sci 94(10):5138-5150

Du H, Erdene K, Chen S, Qi S, Bao Z, Zhao Y, Wang C, Guo F, Ao C (2019) Cor-
relation of the rumen fluid microbiome and the average daily gain with a
dietary supplementation of Allium mongolicum Regel extracts in sheep. J
Anim Sci 97(7):2865-2877

Erwin ES, Marco GJ, Emery EM (1961) Volatile fatty acid analyses of blood and
rumen fluid by gas chromatography. J Dairy Sci 44(9):1768-1971

Gbel G, Sehested J (1997) SCFA transport in the forestomach of ruminants.
Com Biochem Physiol 118(2):367-374

Gressle FT, Hall MB, Armentano LE (2011) Ruminant Nutrition Symposium:
productivity, digestion, and health responses to hindgut acidosis in
ruminants. J Anim Sci 89(4):1120-1130

He'Y,Wang H, Yu Z, Niu W, Qiu Q, Su H, Cao B (2018) Effects of the gender
differences in cattle rumen fermentation on anaerobic fermentation of
wheat straw. J Clean Prod 205:845-853

Holmes E, Li JV, Marchesi JR, Nicholson JK (2012) Gut microbiota composition
and activity in relation to host metabolic phenotype and disease risk. Cell
Metab 16(5):559-564

Huang X, Tan H, Long R, Liang J, Wright ADG (2012) Comparison of metha-
nogen diversity of yak (Bos grunniens) and cattle (Bos taurus) from the
Qinghai-Tibetan plateau. China Bio Microbiol 12:237

Li F, Guan LL (2017) Metatranscriptomic profiling reveals linkages between the
active rumen microbiome and feed efficiency in beef cattle. Appl Environ
Micron 83(9):e00061-e117

Li B, Zhang K, Li C, Wang X, Chen'Y, Yang Y (2019a) Characterization and
comparison of microbiota in the gastrointestinal tracts of the goat (Capra
hircus) during preweaning development. Front Microbiol 10:2125

Li F, Hitch TCA, Chen Y, Creevey CJ, Guan LL (2019b) Comparative metagen-
omic and metatranscriptomic analyses reveal the breed effect on the
rumen microbiome and its associations with feed efficiency in beef
cattle. Microbiome 7:6

LiF, Li C, ChenY, Liu J, Zhang C, Irving B, Fitzsimmons C, Plastow G, Guan LL
(2019¢) Host genetics influence the rumen microbiota and heritable
rumen microbial features associate with feed efficiency in cattle. Micro-
biome 7:92

Liao Y, Hu R, Wang Z, Peng Q, Dong X, Zhang X, Zou H, Pu Q, Xue B, Wang L
(2018) Metabolomics profiling of serum and urine in three beef cattle
breeds revealed different levels of tolerance to heat stress. J Agric Food
Chem 66(26):6929-6935

Long R, Dong S, Chen X, Orskov ER, Hu Z (1999) Preliminary studies on
urinary excretion of purine derivatives and creatinine in yaks. J Agric Sci
133(4):427-431


https://doi.org/10.1186/s13568-021-01259-9
https://doi.org/10.1186/s13568-021-01259-9

Dai et al. AMB Expr (2021) 11:98

Long R, Dong S, Wei X, Pu X (2004) The effect of supplementary feeds on the
body weight of yaks in cold season. Livest Prod Sci 93(3):197-204

Ma J, Shah AM, Shao Y, Wang Z, Zou H, Hu R, Peng Q, Kang K, Wanapat M
(2020a) Effects of yeast cell wall on the growth performance, ruminal
fermentation, and microbial community of weaned calves. Livest Sci
239:104170

Ma J, Shah AM, Wang Z, Hu R, Zou H, Wang X, Cao G, Peng Q, Xue B, Wang L,
Zhao S, Kong X (2020b) Comparing the gastrointestinal barrier function
between growth-retarded and normal yaks on the Qinghai-Tibetan
Plateau. Peer] 8:29851

Ma J, Zhu'Y, Wang Z, Yu X, Hu R, Wang X, Cao G, Zou H, Shah AM, Peng Q, Xue
B, Wang L, Zhao S, Kong X (2020c) Comparing the bacterial community in
the gastrointestinal tracts between growth-retarded and normal yaks on
the Qinghai-Tibetan Plateau. Front Microbiol 11:600516

Ma J, Ma C, Fan X, Shah AM, Mao J (2021) Use of condensed molasses fermen-
tation solubles as an alternative source of concentrates in dairy cows.
Anim Biosci 34(2):205-212

Mao S, Zhang M, Liu J, Zhu W (2015) Characterising the bacterial microbiota
across the gastrointestinal tracts of dairy cattle: membership and poten-
tial function. Sci Rep 5:16116

Meale SJ, Li S, Azevedo P, Derakhshani H, DeVries TJ, Plaizier JC, Steele MA,
Khafipour E (2017) Weaning age influences the severity of gastrointesti-
nal microbiome shifts in dairy calves. Sci Rep 7:198

Metzler-Zebeli BU, Schmitz-Esser S, Mann E, Grull D, Molnar T, Zebeli
Q (2015) Adaptation of the cecal bacterial microbiome of grow-
ing pigs in response to resistant starch type 4. Appl Environ Microb
81(24):8489-8499

Morgavi DP, Kelly WJ, Janssen PH, Attwood GT (2013) Rumen microbial (meta)
genomics and its application to ruminant production. Animal 7:184-201

Myer PR, Smith TPL, Wells JE, Kuehn LA, Freetly HC (2015) Rumen microbiome
from steers differing in feed efficiency. PLoS ONE 10(6):e0129174

Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O'Hara RB, Simpson
GL, Solymos P, Stevens MHH, Wagner H (2016) Vegan: Community ecol-
ogy package. R package version 2.3-5. http://CRAN.R-project.org/packa
ge=vegan. 2016. Accessed 5 Nov 2019.

Opdahl LJ, Gonda MG, St-Pierre B (2018) Identification of uncultured bacterial
species from Firmicutes, Bacteroidetes and CANDIDATUS Saccharibacteria
as candidate cellulose utilizers from the rumen of beef cows. Microorgan-
isms 6:17

Ormerod KL, Wood DLA, Lachner N, Gellatly SL, Daly JN, Parsons JD, Dal'Molin
CGO, Palfreyman RW, Nielsen LK, Cooper MA, Morrison M, Hansbro
PM, Hugenholtz P (2016) Genomic characterization of the uncultured
Bacteroidales family $S24-7 inhabiting the guts of homeothermic animals.
Microbiome 4:36

Paradis E, Claude J, Strimmer K (2004) APE: analyses of phylogenetics and
evolution in R Language. Bioinformatics 20(2):289-290

Perea K, Perz K, Olivo SK, Williams A, Lachman M, Ishaq SL, Thomson J, Yeoman
CJ (2017) Feed efficiency phenotypes involve changes in ruminal, colonic,
and small intestine-located microbiota. J Anim Sci 95(6):2585-2592

Preston TR, Leng RA (1988) Matching ruminant production systems with avail-
able resources in the tropics and sub-tropics. Livest Prod Sci 19:532-533

R Core Team. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna https://www.R-project.org/.
2016. Accessed 5 Nov 2019.

Rubino F, Carberry C, Waters SM, Kenny D, McCabe MS, Creevey CJ (2017)
Divergent functional isoforms drive niche specialisation for nutrient
acquisition and use in rumen microbiome. ISME J 11(6):1510

Shi F,Wang H, Degen AA, Zhou J, Guo N, Mudassar S, Long R (2019) Rumen
parameters of yaks (Bos grunniens) and indigenous cattle (Bos taurus)

Page 11 of 11

grazing on the Qinghai-Tibetan Plateau. J Anim Physiol Anim Nutr
103(4):969-976

Shin NR, Whon TW, Bae JW (2015) Proteobacteria: microbial signature of dys-
biosis in gut microbiota. Trends Biotechnol 33(9):496-503

Stevens CE, Argenzio RA, Clemens ET (1980) Microbial digestion: rumen versus
large intestine. In: Ruckebusch Y, Thivend P (eds) Digestive physiology
and metabolism in ruminants. Springer, Dordrecht, pp 685-706

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI (2006) An
obesity-associated gut microbiome with increased capacity for energy
harvest. Nature 444(7122):1027-1031

Van Keulen J, Young BA (1977) Evaluation of acid-insoluble ash as a natural
marker in ruminant digestibility studies. J Anim Sci 44(2):282-287

Van Soest PJ, Robertson JB, Lewis BA (1991) Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. J Dairy Sci 74(10):3583-3597

Vangylswykm N (1995) Succiniclasticum ruminis gen. nov., sp. nov., a ruminal
bacterium converting succinate to propionate as the sole energy-yield-
ing mechanism. Int J Syst Bacteriol 45(2):297-300

Wales WJ, Kolver ES, Thorne PL, Egan AR (2004) Diurnal variation in ruminal
pH on the digestibility of highly digestible perennial ryegrass during
continuous culture fermentation. J Dairy Sci 87(6):1864-1871

Wang Y (2019) A comparative study on meat performance, meat quality of
beef cattle of different breeds under the same feeding conditions. Mas-
ter's thesis, Sichuan Agricultural University, Sichuan, China

Wang H, Shi F, Hou M, Fu X, Long R (2016) Cloning of oligopeptide transport
carrier PepT1 and comparative analysis of PepT1 messenger ribonucleic
acid expression in response to dietary nitrogen levels in yak (Bos grun-
niens) and indigenous cattle (Bos taurus) on the Qinghai-Tibetan plateau.
J Anim Sci 94(8):3431-3440

Xiao J, Alugongo GM, Chung R, Dong S, Li S, Yoon |, Wu Z, Cao Z (2016) Effects
of Saccharomyces cerevisiae fermentation products on dairy calves:
ruminal fermentation, gastrointestinal morphology, and microbial com-
munity. J Dairy Sci 99(7):5401-5412

Xin J, Chai Z, Zhang C, Zhang Q, Zhu Y, Cao H, Zhong J, Ji Q (2019) Comparing
the microbial community in four stomach of dairy cattle, yellow cattle
and three yak herds in Qinghai-Tibetan Plateau. Front Microbiol 10:1547

Xue D, Chen H, Chen F, He Y, Zhao C (2016) Analysis of the rumen bacteria
and methanogenic archaea of yak (Bos grunniens) steers grazing on the
Qinghai-Tibetan Plateau. Livest Sci 188:61-71

Zhang Z, Xu D, Wang L, Hao J, Wang J, Zhou X, Wang W, Qiu Q, Huang X, Zhou
J,Long R, Zhao F, Shi P (2016) Convergent evolution of rumen microbi-
omes in high-altitude mammals. Current Biol 26(14):1873-1879

Zhou J, Mi J, Degen AA, Ding L, Guo X, Shang Z, Wang W, Long R (2017)
Urinary purine derivatives excretion, rumen microbial nitrogen synthesis
and the efficiency of utilization of recycled urea in Tibetan and fine-wool
sheep. Anim Feed Sci Tech 227:24-31

ZhuY,Wang Z, Hu R, Wang X, Li F, Zhang X, Zou H, Peng Q, Xue B, Wang L
(2020) Comparative study of the bacterial communities throughout
the gastrointestinal tract in two beef cattle breeds. Appl Microbiol Biot
105(1):313-325

Zou H, Hu R,Wang Z, Shah AM, Zeng S, Peng Q, Xue B, Wang L, Zhang X,
Wang X, Shi J, Li F, Zeng L (2019) Effects of nutritional deprivation and
re-alimentation on the feed efficiency, blood biochemistry, and rumen
microflora in yaks (Bos grunniens). Animals 9(10):807

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan
https://www.R-project.org/

	Comparative study of growth performance, nutrient digestibility, and ruminal and fecal bacterial community between yaks and cattle-yaks raised by stall-feeding
	Abstract 
	Introduction
	Materials and methods
	Experimental design, diet, and management
	Sample collection
	Samples analysis
	Ruminal and fecal bacterial community analytical procedure
	Sequencing data analysis
	Statistical analysis

	Results
	Growth performance
	Rumen fermentation
	Nutrient digestibility
	Serum biochemical indexes
	Microbial data acquisition and analysis
	Bacterial alpha- and beta-diversity analysis
	Bacterial community in the rumen and feces

	Discussion
	Acknowledgements
	References




