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Supplementation of the sheep diet with oats (Avena sativa L.) improves animal
growth and meat quality, however effects on intestinal microbes and their
metabolites was not clear. This study aimed to establish the effect of dietary oat
supplementation on rumen and colonic microbial abundance and explore the
relationship with subsequent changes in digesta metabolites. Twenty Small-tail
Han sheep were randomly assigned to a diet containing 30 g/100 g of maize
straw (Control) or oat hay (Oat). After 90-days on experimental diets, rumen
and colon digesta were collected and microbial diversity was determined
by 16S rRNA gene Illumina NovaSeq sequencing and metabolomics was
conducted using Ultra-high performance liquid chromatography Q-Exactive
mass spectrometry (UHPLC-QE-MS). Compared to Control group, oat hay
increased the abundance of Bacteroidetes and Fibrobacteres as well as known
short-chain fatty acid (SCFA) producers Prevotellaceae, Ruminococcaceae
and Fibrobacteraceae in rumen (p < 0.05). In rumen digesta, the Oat group
showed had higher levels of (3Z,67)-3,6-nonadienal, Limonene-1,2-epoxide,
P-tolualdehyde, and Salicylaldehyde compared to Control (p < 0.05) and
these metabolites were positively correlated with the abundance of cecal
Prevotellaceae NK3B31. In conclusion, supplementation of the sheep diet with
oat hay improved desirable microbes and metabolites in the rumen, providing
insight into mechanisms whereby meat quality can be improved by oat hay
supplementation.
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Introduction

Oat is a high-quality feed crop for livestock, having strong
adaptability, tillering ability, large biomass and high nutritional
value (Andrzejewska et al., 2019). As an annual forage, oat has
become the preferred feed for livestock and poultry breeding,
while providing beneficial effects on growth performance and
meat quality (Mwendia et al., 2018; Adewole et al., 2021; Donovan
et al,, 2021). Studies have shown that the digestibility of the dry
matter and organic matter decreased with the increase of oat hay
content in free-foraging mode (Long et al., 2004). Sontakke et al.
(2019) found that adding oat hay to the diet significantly increased
the fiber intake, reduced the emission of methane in buffalos.
Diets containing oat hay improved the growth performance of
calves, increased the apparent nutrient digestibility, and changed
the rumen fermentation patterns (Zou et al., 2018; Gasiorek et al.,
2020; Xiao et al., 2021). Meanwhile, lambs fed a combination diet
containing oat hay produced the most satisfactory carcasses and
chops (Whitney and Smith, 2015).

The microbes within the gastrointestinal tracts (GIT) play an
important role in regulating metabolism of carbohydrates, amino
acids, lipids, vitamins and minerals (Al-Lahham et al., 2010; Ussar
et al,, 2016) as well as the immune system of the host (Jia et al.,
2008; Ley et al., 2008). Studies had shown that the change in
animal feed directly affect the composition and abundance of GIT
microbes (Moran et al,, 2012). Dietary supplementation of oat hay
can regulate rumen pH by changing the rumen microbial of calves
(Lin et al., 2018). Feeding cattle oat hay in diet affected the
microbiota, such that the Firmicutes/Bacteroidetes (F/B) ratio
positively correlated with feed digestibility (Sim et al., 2022).
Although studies have previously reported the ruman microbial
changes following oat hay supplementation of sheep (Cui et al.,
2019; An et al., 2020a), these findings were focused on microbial
diversity in the rumen, and did not report changes in microbial
metabolites or investigate different regions of GIT. Although the
rumen is the primary site of fermentation and nutrient digestion
in sheep, we were interested in understanding whether oat hay
supplementation also effected microbe levels and production of
metabolites in the distal region of GIT. These findings will help
identify key metabolites for GIT health that are important for
improved animal growth and meat quality.

Materials and methods
Animals

Twenty male Small-tailed Han sheep with similar genetic
background (body weight of 16.8+0.8 kg, around 90 days of age)
were selected. They were randomly allocated to two groups. The diets
contained 30 g/100 g Maize straw (Control) or 30 g/100 g oat hay
(Oat) and the remainder of the diets containing similar ingredients
as described in Supplementary Table S1. All sheep had free access to
water during the trial. The experiment period lasted for 100 days,
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consisting of a 10-day preliminary adaptation period followed by a
90-day experimental feeding period. The ingredients and nutritional
composition of the diets are presented in Supplementary Table S1.
On the 100 th day, after 24 h without feed, sheep were slaughtered at
a local slaughterhouse. This study was approved by the Animal
Welfare Association and the Professional Committee of the Academy
of Agricultural and Animal Husbandry Sciences of Inner Mongolia
Autonomous Region (Hohhot, China; approval no. 2022003), in line
with the Regulations on the Management of Experimental Animals.

Sample collection

One day prior to slaughter, a veterinarian examined the sheep
and confirmed that they had no gastrointestinal disease. After
slaughter and dissection, all gastrointestinal organs were tied
together with a rope between the narrow sections and placed
horizontally to collect samples from the middle of each section.
The sampling sites were consistent for each sheep. Digesta contents
of stomach (in the rumen) and colon (in the middle of the ventral
colon) were collected. Gastrointestinal digesta was handled and
stored aseptically as possible to prevent contamination. The
samples were stored in 50 mL sterile enzyme-free centrifuge tubes,
immediately placed in liquid nitrogen and then stored in a freezer
at —80°C.

Microbial DNA extraction and
sequencing

Total genomic DNA was extracted using DNeasy PowerSoil
Kit (QIAGEN, Cat. No 12888) following the manufacturer’s
instructions. Concentration of DNA was verified with NanoDrop
and agarose gel. Genomic DNA was used as template for PCR
amplification with the barcoded primers and Tks Gflex DNA
Polymerase (Takara, Cat. No R060B). For bacterial diversity
analysis, V3-V4 variable regions of 16S rRNA genes was amplified
with universal primers 343 F (5-TACGGRAGGCAGCAG-3") and
798 R (5'-AGGGTATCTAATCCT-3"). After quality inspection
and purification, another round of PCR amplification was
performed. The final amplicon was quantified using Qubit dsDNA
assay kit (Life Technologies, Cat. No Q32854). Equal amounts of
purified amplicon were pooled for subsequent sequencing. The
library was sequenced on an Illumina NovaSeq PE250 platform
and 2x250 bp paired-end reads were generated. All library
construction and the

sequencing was performed at

Oebiotech Company.

Bioinformatics analysis

Raw sequencing data were in FASTQ format. Paired-end reads
then  processed Trimmomatic
(Bolger et al.,, 2014) to detect and cut oft ambiguous bases (N). After

were using software
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trimming, paired-end reads were assembled using FLASH software
(Reyon et al.,, 2012). Splicing Sequences were performed further
denoising as follows: reads with ambiguous, homologous sequences
or below 200 bp were abandoned. Reads with 75% of bases above
Q20 were retained. Then, reads with chimera were detected and
removed. These two steps were achieved using QIIME software
(Caporaso et al., 2010; Version 1.8.0). Clean reads were subjected to
primer sequences removal and clustering to generate operational
taxonomic units (OTUs) using Vsearch software (Rognes et al.,
2016) with 97% similarity cutoff. The representative read of each
OTU was selected using QIIME package. All representative reads
were annotated and blasted against Greengens database using RDP
classifier (Wang et al., 2007; confidence threshold was 70%). The
functional composition of the microorganisms was predicted by the
PICRUSt (Version 1.1.2) programs.

Metabolite extraction

After thawing at room temperature, 60 mg accurately weighed
digesta sample was transferred to a 1.5 mL EP tube (Axygen, Cat.
No MCT-150-C). 20 puL standard (2-chloro-1-
phenylalanine in methanol, 0.3 mg/mL) and 600 uL extraction

internal

solvent with methanol/water (4/1, v/v) were added to each tube.
Two small steel balls (2 mm) were added to the tube. Samples were
stored at —20°C for 5 min and then homogenized at 60 Hz for
2 min, ultrasonic extraction in ice water bath for 10 min, stored at
—20°C for 30 min. The tubes were then centrifuged at 12,000x g,
4°C for 10 min. 300 pL of supernatant was removed from each
tube and placed in a brown glass vial and then dried in a freeze
concentration centrifugal dryer (Zuoyan technology, Shanghai,
China). 400 pL mixture of methanol and water (1/4, v/v) were
added to each sample, samples vortexed for 30 s, sonicated for
3 min (4°C water bath) and then stored at —20°C for 2 h. Samples
were centrifuged at 12,000x g, 4°C for 10 min. The supernatant
(150 pL) from each tube were collected using crystal syringes,
filtered through 0.22 pm microfilters and transferred to LC/MS
glass vial. The vials were stored at —80°C until anylsed by LC-
MS. Quality control (QC) samples were prepared by mixing an
equal volume of all of the extracts together and 150 pL of the
supernatant was used for the UHPLC-QE-MS analysis.

LC/MS analysis

The LC/MS analyzes were performed by UHPLC-QE-MS
(Thermo Fisher Scientific, Waltham, MA, USA) with a heated
electrospray ionization (ESI) source (Thermo Fisher Scientific,
Waltham, MA, USA). This was used to analyze the metabolic
profiling in both ESI positive and ESI negative ion modes. An
ACQUITY UPLC HSS T3 (100 mm x 2.1 mm, 1.8 pm, Waters)
coupled to QE plus (Thermo Fisher Scientific) were employed. The
binary gradient elution system consisted of (A) water (containing
0.1% formic acid, v/v) and (B) acetonitrile (containing 0.1%

Frontiers in Microbiology

03

10.3389/fmicb.2022.1032622

formic acid, v/v) and separation was achieved using the following
gradient: 0-2 min, 5% B; 4 min, 25% B; 8 min, 50% B; 10 min, 80%
B; 14-15 min, 100% B and 15.1-16 min, 5% B, which was
delivered at 0.35 mL/min and column temperature was 45°C. All
samples were kept at 4°C during the analysis. The injection
volume was 2 uL. The mass range was from m/z 100 to 1,000. The
resolution was set at 70,000 for the full MS scans and 17,500 for
HCD MS/MS scans. The collision energy was set at 10, 20 and
40 eV. The mass spectrometer operated as follows: spray voltage,
3,800 V (+) and 3,000 V (—); sheath gas flow rate, 35 arbitrary
units; auxiliary gas flow rate, 8 arbitrary units; capillary
temperature, 320°C. The QCs were injected at regular intervals
(every 10 samples) throughout the analytical run to provide a set
of data from which repeatability can be assessed.

Metabolomic analysis

The non-targeted metabolites were analyzed by liquid
chromatography-mass spectrometry (LC-MS) from Shanghai
Luming Biological Technology Co., Ltd. The data was pretreated
using Progenesis QI v2.3 software (Nonlinear Dynamics,
Newcastle, UK). Multivariate analyzes (principal component
analysis, PCA; and orthogonal projections to latent structures
discriminant analysis, OPLS-DA) were used to find out the
differential metabolites between groups (Nicholson et al., 1999;
Trygg and Wold, 2002). Univariate statistical analysis was used to
identify the difference in metabolites between the groups. The
enriched pathway analysis of differential metabolites was
performed using KEGG database' and R program (Version 3.4.1).

Statistical analysis

SPSS 20.0 software (IBM SPSS, Chicago, IL) was used for
statistical analysis, and the data was reported as mean + SD, with
significance reported at a level of p <0.05. Statistical significance
was analyzed by ANOVA, and multiple groups were compared
using the LSD test. Spearman correlation was used to calculate the
correlation between the relative abundance of microorganisms
(Genus) and the response intensity data of corresponding
metabolites (Kong et al., 2013; Schwab et al., 2014).

Results

Digesta microbial abundance and
diversity

The data of clean tags obtained by removing chimerism
(that is, the data finally used for analysis) was distributed
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between 46,861 and 72,105. The number of OTU of each different OTUs between colonic digesta samples from Oat and
sample was distributed between 1,556 and 4,071 Control groups (Figure 1A; Supplementary Figure S1).
(Supplementary Table S2). For the two regions of digesta Each exponential dilution curve showed that the sequencing
analyzed (rumen and colon) and the two dietary treatments, depth of all samples covered the GIT microbiome
cluster analysis showed that there were 1,936 shared OTUs. Of (Supplementary Figure S2). The four groups could be divided into
these, 26% of OTUs were similar across rumen digesta samples two distinct regions, with the colon digesta having greater
for Oat and Control, whereas 5.5% of OTUs were unique to abundance of microbes compared to the rumen digesta
the rumen digesta of Oat fed sheep and 3.9% were unique to (Figure 1C). The richness and diversity index of microbes in
the rumen digesta of Control fed sheep (Figures 1A,B). For rumen and colon digesta are shown in Table 1. The good coverage
colon digesta, 41% of OTUs were similar to Oat and Control, index was between 0.98 and 0.99, indicating that more than 98%
whereas 15% of OTUs were unique to the colonic digesta of of the bacterial groups were present in all samples analyzed, which
Control fed sheep and 14% were unique to Oat fed sheep. better reflected the bacterial community of samples. Colon digesta
However, there was no significant difference in the number of compared to rumen digesta, had a higher species richness index
A B
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FIGURE 1
Effect of oat hay on the microbial richness of the Small-tail Han sheep rumen digesta. (A) Venn diagram of OTUs in the Small-tail Han sheep GIT
microbiota. (B) Venn diagram of OTUs in the Small-tail Han sheep rumen microbiota. (C) Rank abundance rarefaction curve of GIT contents of
Small-tail Han sheep. (D) Principal component analysis (PCA) with clustering representing the dissimilarity of bacterial structure found among
samples from Small-tail Han sheep GIT compartments. OatR, Rumen samples from oat group; OatC, Colon samples from oat group; Control(R,
Rumen samples from control group; ControlC, Colon samples from control group.
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TABLE 1 Effect of oat hay on the microbial diversity in rumen and colonic digesta of Small-tail Han sheep.

Sample name PD whole tree Chaol Goods coverage Observed species Shannon Simpson

Rumen digesta Oat 71.6 + 14.4° 2787.85 + 642.57" 0.98 + 0.004° 1918.58 + 500.98" 6.75 + 0.58° 0.951 + 0.022°
Control 73.6 + 12.0° 2944.86 + 460.60° 0.98 + 0.003" 1967.26 + 411.82° 6.59 + 0.65° 0.941 + 0.032°
Colon digesta Oat 110.5 + 21.34 4096.22 + 876.22* 0.98 + 0.005* 294523 + 711.35 8.09 +0.91* 0.978 +0.012*
Control 111.9 +24.8% 4223.05 + 622.86* 0.98 + 0.004* 2988.76 + 503.13* 8.20 + 0.82* 0.979 +0.019*

(1) Analysis of different samples under the threshold of 97% identity. (2) Different uppercase letters means the significance at p <0.01 and same letters in the superscripts

represent p>0.05.

(observed Species and Chaol) and higher species diversity index
(PD whole tree, Shannon and Simpson index; p <0.01, Table 1). In
addition, the colonic digesta samples also showed greater
scattering of data points in PCoA analysis, which suggests larger
differences in microbial communities compared to rumen digesta
(Figure 1D).

Effect of oat on rumen and colonic
digesta microbial abundance

At phylum level, there were 6 species with relative abundance
greater than 1% of the microflora in rumen and colonic digesta
(OatR vs. ControlR, OatC vs. ControlC) of Small-tail Han sheep,
including Bacteroidetes (65.9% vs. 60.9%, 42.0% vs. 45.9%),
Proteobacteria (25.0% vs. 27.8%, 2.6% vs. 4.5%), Firmicutes (6.3%
vs. 8.6%, 43.9% vs. 40.4%), Spirochaetes (0.9% vs. 0.2%, 3.2% vs.
4.7%), Fibrobacteres (0.44% wvs. 0.3%, 2.7% vs. 2.9%) and
Actinobacteria (1.4% vs. 2.0%, 4.4% vs. 0.5%; Figure 2A). The Oat
group had a higher relative abundance of Bacteroidetes and
Fibrobacteres in rumen digesta compared to Control (p <0.05).
However, microbial abundance in colonic digesta was similar for
Oat and Control (Supplementary Figure S3).

In the rumen digesta of Oat fed sheep the relative abundance
of Prevotellaceae (60.14% vs. 55.45%), Ruminococcaceae (2.18%
vs. 1.51%) and Fibrobacteraceae (0.44% vs. 0.28%) was higher
than the fed (p<0.05; 2B;
Supplementary Figure 54). At the genus level, compared to the

Control sheep Figure
Control group, the Oat group had significantly higher relative
abundance of Prevotellaceae NK3B31 group (0.13% vs. 0.08%),
Eubacterium xylanophilum group, Anaerovorax, Anaerotruncus
and Enterorhabdus in rumen digesta (p<0.05), whereas
Sharpea, LachnospiraceAE UCG-001 and Desulfobulbus
decreased in the OatR group (p<0.05; 2G;

Supplementary Figure S5).

Figure

The metabolic function of the microbiota were predicted
using PICRUSt and KEGG (Kyoto Encyclopedia of Genes and
Genomes) databases. At the second level, there were 42 predicted
functions of the rumen group with significant differences, among
which the functions of the Digestive System and Excretory System
of the Oat which were present at higher levels compared with
Control (Supplementary Figure S6).
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Effect of oat on rumen and colonic
digesta metabolites

The unsupervised PCA plot showed separation for rumen
digesta ~ metabolites  between = Oat and  Control
(Supplementary Figure S7A). As indicated by the OPLS-DA score,
the metabolites of the rumen group were well separated
(Supplementary Figures S7B,C). The parameters for the
classification from the software were stable and relevant to fitness
and prediction (Supplementary Table S3).

OPLS-DA analysis was used to screen the differential
metabolites between groups. The screening criteria were VIP
value of OPLS-DA model >1 and p-value of T-test <0.05. A total
of 558 differential metabolites were identified in the rumen
digesta of Oat and Control, among which 328 were up-regulated
and 230 were down-regulated (Supplementary Figure S7D). The
enrichment pathways with significant differences included
galactose metabolism, amino sugar and nucleotide sugar
metabolism, linoleic acid metabolism, pentose phosphate
pathway, gastric acid secretion, fatty acid biosynthesis and
biosynthesis of amino acids (p <0.05), and these pathways play
important roles in the regulation of animal growth and
development (Figure 3A).

Correlations between microbial
communities and metabolites

In rumen digesta, a number of metabolites showed that
(Table 2; Supplementary Figure S8), (3Z,6Z)-3,6-nonadienal,
Limonene-1,2-epoxide, P-tolualdehyde, and Salicylaldehyde
were positively correlated with Prevotellacea NK3B31 group
(p<0.05), and negatively correlated with Desulfobulbus
(p<0.01);
Desulfobulbus (p<0.05) and negatively correlated with
Prevotellaceae  NK3B31 group (p<0.05). The
Beta-lactose and D-maltose were positively correlated with
Lachnospiraceae UCG-010 (p <0.05), and negatively correlated
with Prevotellaceae NK3B31 group (p <0.01). These metabolites
are mainly enriched by amino sugar and nucleotide sugar

D-galactose was positively correlated with

sucrose,

metabolism, biosynthesis of amino acids, and galactose
metabolism (Figure 3B).
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Discussion

Oat hay has been widely used in the sheep diet as it provides
greater acid detergent fiber (ADF) and neutral detergent fiber
(NDF), which contributes to maintaining the homeostasis of
rumen environment and the growth of microorganisms (Wang
et al, 2016). In the current study, colon microbial diversity was
similar for the oat and control fed sheep. Although overall
diversity is not affected by oat supplementation, there were
changes in the current study there were specific changes in rumen
microbes. We showed that when sheep were fed oats they had
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higher abundance of Bacteroidetes and Fibrobacteres in the
rumen compared to those fed Maize straw (p<0.05). These
changes are consistent with previous studies which showed that
the abundance of Fibrobacteres, Ruminococcaceae and Prevotella
in the rumen of sheep change in response to the digestibility of
feed provided (Cui et al., 2019; An et al., 2020a). Supplementation
of the sheep diet with oat hay was also shown to increase the
abundance of Bacteroidete, a dominant bacteria species in the
rumen digesta (An et al., 2020a). The increase of Bacteroidetes and
Firmicutes can effectively improve the digestibility of dietary fiber
(Xu etal,, 2015). Thus, the higher abundance of Bacteroidetes and
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Firmicutes in the rumen digesta of Small-tail Han sheep suggest
greater digestion of the fibre in the diet. Fibrobacteres can
decompose cellulose and hemicellulose in feed, produce acetic
acid, propionic acid and butyric acid, and provide energy for host
through the tricarboxylic acid cycle. There are a large number of
Bacteroidetes and Fibrobacetes in the rumen of Small-tail Han
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sheep, which indicates that they are more suitable for vegetative
food resources, and it also proves once again that sheep are rumen
fermenting animals. Studies have shown that in the rumen of
cattle fed forages high in neutral detergent fiber, the abundance of
Fibrobacteres was significantly increased by oat hay, and cellulose
components significantly affected microbial colonization and

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1032622
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Suetal.

TABLE 2 Differences in candidate rumen or colon metabolites
between OatR and ControlR.

Compounds VIP P-value Log2(FC)
Acetylcholine 3.6374 0.0370 0.6291
(32,67)-3,6-nonadienal 3.4675 0.0009 0.3466
Limonene-1,2-epoxide 6.1414 0.0018 0.3303
P-tolualdehyde 3.3897 0.0018 0.3266
Cyclopentanone 3.8708 0.0109 0.3151
Phosphohydroxypyruvic acid 3.3308 0.0059 0.3145
Salicylaldehyde 2.5428 0.0273 0.1905
D-galactose 4.8168 0.0305 —1.3473
Sucrose 15.7878 0.0353 —2.4083
Beta-lactose 10.0234 0.0332 —2.4354
D-maltose 7.1842 0.0279 —3.0623

The screening criteria were VIP >1 and p < 0.05 of t-test. VIP (Variable important in
projection): The VIP value from the OPLS-DA model, the larger the VIP, the greater the
contribution of this variable to the grouping. Log2 (FC): The ratio of the mean
expression levels of metabolites in the two groups of samples, with positive values
indicating up-regulation and negative values indicating down-regulation.

ultimately affected the digestion of herbage (Gharechahi et al.,
2020). Therefore, dietary oat supplementation may improve the
degradation rate of fiber components in the rumen, and produce
more short-chain fatty acids, leading to better rumen fermentation
effect. In the prediction of microbial function, Oat was also
significantly enriched in the functions of Digestive System and
Excretory System of Control, which showed that oat could
increase the abundance of plant decomposition bacteria in the
rumen. Although the rumen is the primary site of GIT
fermentation, we were interested in exploring how oat
supplementation effects microbial abundance in the colon. At
present, there are few reports about the effects of oat hay on colon
microbe of ruminants. The results of this experiment show that
OatC and ControlC had similar bacterial abundance, suggesting
that oat mainly altered ruminal bacterial community structure
with little effect on colonic microbes.

At the family level, OatR group significantly increased the
relative abundance of Prevotellaceae Ruminococcaceae and
Fibrobacteraceae compared with ControlR group (p<0.05;
Figure 2B; Supplementary Figure S4). Prevotellaceae, a strain of
Prevotella with enzymes that can degrade cellulose and xylan, is
also considered a beneficial bacterium. At the same time,
Prevotellaceae can produce propionate through sugar or lactic
acid fermentation. Therefore, Prevotellaceae is considered to
be related to the synthesis of short-chain fatty acids (SCFAs; Shen
etal,, 2017; Song et al., 2019; Attaye et al., 2022). Ruminococcaceae
is rich in hydrolases, which mainly act on carbohydrates and have
higher specificity for the degradation of complex macromolecules
in feed (Ozbayram et al., 2018). Fibrobacteraceae can significantly
improve the degradation of cellulose in feed, thus affecting the
final digestion level of forage (Gharechahi et al., 2020). At the
genus level, the OatR group significantly improved Prevotellaceae
NK3B31 group and Eubacterium Xylanophilum for ControlR
group relative abundance, Anaerovorax, Anaerotruncus and
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Enterorhabdus (p <0.05), Sharpea, LachnospiraceAE UCG-001 and
Desulfobulbus have decreased significantly (p <0.05; Figure 2C;
Supplementary Figure S5). Studies have shown that Prevotella is
abundant in the digestive tracts of individuals fed a carbohydrate
and fiber diet, which is consistent with the results of oat feeding in
this study (Jiang et al., 2020).

In the oat group, Prevotellaceae NK3B31 group was positively
correlated with rumen metabolites (3Z,6Z)-3,6-nonadienal,
Limonene-1,2-epoxide, P-tolualdehyde and Salicylaldehyde.
Sucrose is negatively related to D-galactose, Sucrose, beta-lactose
and D-maltose. These metabolite synthesis pathways is known to
be involved in glucose metabolism. Prevotellaceae NK3B31 group
play an important role in the synthesis of these metabolites. (3Z,6Z)-
3,6-nonadienal is widely used in the production of edible flavors
(An etal,, 2020b). Limonene-1,2-epoxide is an oxidized product of
Limonene. Limonene is a natural and effective anti-injury and anti-
tumor compound, widely existing in monocyclic terpenes in natural
plant essential oils (Sun, 2007). Limonene-1,2-epoxide is a very
useful intermediate in organic synthesis, which can obtain a series
of important organic compounds through ring-opening reaction
with a variety of nucleophiles, and these compounds are widely
used in medicine and flavors (Souto et al., 2020). P-tolualdehyde
and Salicylaldehyde are also important spice components and are
widely used as intermediates in organic synthesis (Realini et al.,
2017; Api et al,, 2021). Oat increases the content of these metabolites
in rumen digesta, while the addition of certain metabolites (such as
Limonene, Nonadienal) to feed can improve the meat texture by
increasing the content of total volatile fatty acids in rumen and
changing the composition of fatty acids, increasing the consumer’s
preference and its economic return (Jiang and Xiong, 2016; Realini
et al., 2017; Van Houcke et al, 2017; Temmar et al., 2021).
Prevotellaceae NK3B31 group was negatively correlated with
carbohydrate metabolites, indicating that the genus may decompose
and consume carbohydrate substances in large quantities, because
Prevotellaceae NK3B31 group may play an important role in the
synthesis of these metabolites through sugar metabolism pathway.
Lachnospiraceae  UCG-010 was positively correlated with
carbohydrate metabolites. In the rumen of Oat group, the relative
abundance of Lachnospiraceae UCG-010 was significantly
decreased. In related studies of diabetes, Lachnospiraceae UCG-010
was found to be closely related to elevated blood glucose level
(p<0.01; Zhang et al., 2017; Yang et al., 2021).

Conclusion

This study provides further evidence that oat hay
supplementation in the sheep diet increases the abundance of
rumen bacteria, such as Bacteroidetes and Fibrobacteres. At the
family level, oat hay significantly increased the abundance of
Prevotellaceae, Ruminococcaceae and Fibrobacteraceae associated
with the synthesis of SCFAs. Furthermore, it increased the content
of (3Z,6Z)-3,6-nonadienal, Limonene-1,2-epoxide, P-tolualdehyde,
and Salicylaldehyde in the rumen digesta which is associated with
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improving meat quality. The above metabolin substances were
positively correlated with the Prevotellaceae NK3B31 group. Oat
hay had little effect on colon microbial diversity. In summary, this
study provides a deeper understanding how oat supplementation
may regulate metabolism and improve performance of sheep
through stimulating the metabolic activity of specific microbes.
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