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ABSTRACT. This study investigated the effects of dietary epigallocatechin gallate
(EGCQG) on rumen fermentation characteristics, and rumen microbiota in Hu sheep.
Fifty-four healthy four-month-old male Hu sheep, with similar body weight, were
randomly allocated to three groups (n = 18 per group): a control group (CON), and two
experimental groups, L and H, which received a basal diet supplemented with 0, 300,
or 1000 EGCG/head/day, respectively. The results showed that EGCG did not

significantly affect ruminal pH, the concentrations of propionate, isobutyrate,



isovalerate, and valerate, or the acetate to propionate ratio (P > 0.05). However, the
ammonia nitrogen concentration was significantly lower (P < 0.05) in both the L and
H groups, whereas the concentrations of acetate, butyrate and total volatile fatty acids
were significantly increased (P < 0.05). EGCG had no effect on the alpha or beta
diversity of rumen bacteria (P> 0.05). Among the dominant phyla, the relative
abundance of Desulfobacterota was significantly higher (P <0.05) in the L and
H groups. For Verrucomicrobiota, a significant increase was observed only in the
H group relative to both the CON and L groups (P < 0.05). At the genus level, the
abundance of uncultured rumen_bacterium was significantly increased (P < 0.05) in
the H group. Correlation analysis revealed significant associations between rumen
fermentation parameters and specific microbial taxa. Acetate and butyrate levels were
positively correlated with several bacterial groups involved in carbohydrate
fermentation. Dietary EGCG supplementation influenced the rumen microbial
community, resulting in lower ammonia nitrogen and higher volatile fatty acid
concentrations, thereby improving rumen fermentation efficiency in Hu sheep.
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Introduction

Over the past few decades, animal nutrition research has increasingly focused on
the physiological functions of the rumen and its microbiota, recognising that feed
digestion and nutrient utilisation are strongly influenced by ruminal fermentation.
Dietary manipulation is a key factor driving structural changes in the rumen microbial
community. Therefore, investigating the effects of different diets or feed additives on
rumen microbial composition contributes to the development of effective strategies to
improve animal productivity (Zhou and Shen, 2025; Tian et al., 2025a).

Henderson etal. (2015) emphasised that, regardless of the geographical
distribution or genetic background of the animals, dietary composition remains the
dominant factor shaping the structure of the rumen microbial community. Numerous
studies have demonstrated that the composition and abundance of the rumen microbiota

are influenced not only by feed type but also by plant secondary compounds such as



phenolics, saponins, or essential oils (Vasta and Luciano, 2011). Plant-derived feed
additives, an emerging category of functional supplements, can increase animal
productivity by positively affecting the rumen ecosystem (Li et al., 2022; Gang et al.,
2024). These additives are commonly administered as extracts, herbal mixtures, or
essential oils and are widely used as growth promoters and rumen microbial modulators
to improve rumen fermentation, animal health, and production performance (Qin
et al.,2024). Among these compounds, polyphenols have been shown to affect rumen
metabolism (Wang et al., 2024), promote growth, improve health status, and enhance
product quality (Cimmino et al., 2018). These effects are closely associated with their
significant influence on the rumen microbial environment.

Epigallocatechin gallate (EGCG), one of the most abundant polyphenolic
catechins in green tea (Li et al., 2020), has been reported to exert anti-inflammatory,
anticancer, and cardioprotective effects (Che et al., 2024). It is also involved in the
regulation of lipid metabolism, immune function, and the maintenance of gut microbial
balance (Zhang et al.,2021; Wu et al., 2023). However, most studies on EGCG have
been conducted in monogastric animals or in the context of human medicine (Chen
et al.,2024; Alam et al., 2024). Its potential application in ruminants, particularly in Hu
sheep, remains largely unknown. Current evidence suggests that polyphenols can affect
nutrient degradation and utilisation by altering rumen fermentation and the composition
of the rumen microbiota (Ma et al., 2020). Therefore, this study systematically
evaluated the effects of dietary EGCG supplementation on nutrient digestibility, rumen
fermentation parameters (including volatile fatty acid profiles, ammonia nitrogen
concentration, and rumen pH), and the structure of the rumen microbial community in
Hu sheep. The findings provide information on the effects of EGCG on rumen function
at the microbial and metabolic levels and support the development of plant polyphenol-

based feed additives.

Materials and methods
Animal ethics statement

The animal experiment and the experimental protocol were approved by the



International Animal Care and Use Committee of Fujian Academy of Agricultural
Sciences (FAAS), Fujian Province, China (Approval No.202402FJ017).
Experimental design and feeding management

The present study was conducted from September to December 2024 at
a commercial farm in Fujian, China. A total of 54 healthy four-month-old male Hu
sheep with similar body weight (23.98 + 1.01 kg) were randomly assigned to three
groups using a single-factor completely randomised design: a control group (CON),
and two experimental groups, L and H. Each group consisted of 18 sheep, with each
sheep considered one replicate. The experimental diet was formulated according to the
nutrient requirements for growing-fattening meat sheep with a target daily weight gain
of 0.1 kg, as specified in the Nutrient requirements of meat-type sheep and goat (NY/T
816-2021). The ingredient composition and nutrition levels are presented in Table 1.
The CON group received the basal diet, while the L and H groups were fed the basal
diet supplemented with 300 and 1000 mg/head/day of EGCG, respectively. The
experiment lasted 100 days, and consisted of a 10-day adaptation phase followed by
a 90-day experimental period.

The feeding regimen followed the farm’s standard management practices. The
sheep were fed twice daily, at 07:00 and 15:00, with feed offered in amounts sufficient
to maintain feed refusals at 5-10%. Each morning before feeding, EGCG was
thoroughly mixed with a small quantity of concentrate and offered to the L and
H groups prior to the basal diet. The CON group received an equal amount of the
concentrate without EGCG, following the same procedure.

Sample collection

Rumen fluid was collected on the first day after the end of the trial period, prior to
morning feeding. From each group, five experimental sheep were randomly selected,
and approximately 100 ml of rumen fluid was obtained per animal using an oral rumen
fluid collector. Each sample was divided into three portions: one portion was used
immediately for ruminal pH measurement. The remaining two portions were filtered
through four layers of sterile gauze into sterile 50 ml centrifuge tubes, rapidly frozen in

liquid nitrogen, and stored at —80 °C for further analysis.



Determination of Basal Diet Nutritional Composition

The contents of dry matter (DM), crude ash (Ash), and gross energy (GE) in the
basal diet were determined according to the methods described by Zhu et al. (2021).
Metabolisable energy (ME) was calculated using the following equation:
ME (MJ/kg DM) = 0.046 + 0.820 x [17.211 — 0.135 x NDF (%DM)], as specified in
Nutrient requirements of meat-type sheep and goat (NY/T 816-2021). Crude protein
(CP) content was determined according to the national standard GB/T 6432-2018.
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) contents were determined

according to the method of Van Soest et al. (1991).

Analysis of Rumen Fermentation Parameters

Following collection and filtration through four layers of sterile gauze, rumen fluid
pH was measured directly using a portable pH meter (PHB-1, Hangzhou Oulong
Instruments Co., Ltd.,, Hangzhou, China). The ammonia nitrogen (NH3-N)
concentration was determined by a colorimetric method, with absorbance measured at
625 nm using a spectrophotometer. The concentrations of volatile fatty acids (VFAs)
were determined by gas chromatography (GC-4000A, Beijing East & West Analytical
Instruments Co., Ltd., Beijing, China).
Assessment of Rumen Microbial Diversity

High-throughput 16S ribosomal RNA gene sequencing

Total genomic DNA was extracted from 15 rumen fluid samples using the Guide
S96 Magnetic Soil/Stool DNA Kit (Tiangen Biotech Co., Ltd., Beijing, China)
according to the manufacturer’s instructions. The V3-V4 hypervariable region of the
bacterial 16S rRNA gene were amplified using the following primer pairs;
338F: 5'-ACTCCTACGGGAGGCAGCA-3' and
806R: 5'-GGACTACHVGGGTWTCTAAT-3'. The PCR products were verified by
agarose gel electrophoresis and purified using the Omega DNA Purification Kit (Omega
Inc., Norcross, GA, USA). The purified PCR products were subjected to paired-end
(2 x 250 bp) sequencing on an [llumina Novaseq 6000 platform.

Bioinformatic Analysis



Qualified sequences with >97% similarity were clustered into operational
taxonomic units (OTUs) using USEARCH (version 10.0). Taxonomic annotation of the
OTUs was performed using the Naive Bayes classifier implemented in QIIME2
(Bolyen et al., 2019) with the SILVA database (Callahan et al., 2016) (release 138.1)
and a confidence threshold of 70%. Alpha diversity indices were calculated using
QIIME2. Beta diversity was assessed by principal coordinate analysis (PCoA).
One-way analysis of variance was used to compare bacterial abundance and diversity
among the groups. Linear discriminant analysis effect size (LEfSe) was used to identify
differentially abundant taxa. Sequencing data were analysed using the BMKCloud
platform (https://www.biocloud.net).

Statistical analysis

Data were collated and processed using Microsoft Excel. Statistical analyses were
performed using SPSS 26.0 software (IBM Corp., Armonk, NY, USA). Differences
between the groups were analysed by one-way analysis of variance (ANOVA),
followed by Duncan’s multiple range test for post hoc comparisons. Differences were
considered statistically significant at p < 0.05.

Results
Rumen fermentation parameters

As shown in Table 2, supplementation with different levels of EGCG had no
significant effects (P >0.05) on ruminal pH, the concentrations of propionate,
isobutyrate, isovalerate, or valerate, nor on the acetate-to-propionate ratio. However,
the NH3-N concentration was significantly lower (P < 0.05) in both the L and H groups
compared to the CON group. In contrast, acetate, butyrate and total VFA levels were
significantly higher (P <0.05) in the EGCG-supplemented groups than in the CON
group.

Alpha and beta diversity of rumen bacteria

As shown in Table 3, dietary supplementation with EGCG at different levels did
not exert any significant effect (P> 0.05) on the Ace, Shannon, Simpson, or Chaol
indices of rumen bacteria in Hu sheep. Principal coordinate analysis (PCoA) of beta

diversity (Figure 1) revealed no significant differences (P> 0.05) in bacterial



community clustering between the control and EGCG-supplemented groups (p > 0.05).
Effects of EGCG on the relative abundance of rumen bacteria in Hu sheep

As presented in Table 4, the predominant bacterial phyla were Actinobacteriota,
Bacteroidota, Desulfobacterota, Fibrobacterota, Firmicutes, Patescibacteria,
Proteobacteria, Spirochaetota, Synergistota, and Verrucomicrobiota. Dietary EGCG
supplementation significantly increased (P <0.05) the relative abundance of
Desulfobacterota in both the L and H groups compared with the CON group. The
relative abundance of Verrucomicrobiota was significantly higher (P <0.05) in the
H group than in both the CON and L groups.

At the genus level, the most abundant genera
included Bacteroidales bacterium_Bact 22, Christensenellaceae R 7 group, Lachn
ospiraceae. NK3A20 group, NK4A214 group, Prevotella, Rikenellaceae RC9 gut g
roup, Ruminococcus, unclassified Bacteroidales RF16_group, unclassified F082,
and uncultured rumen_bacterium (these genus-level names follow the SILVA database
taxonomy; “uncultured” indicates taxa not yet obtained in pure culture, ‘unclassified’
indicates taxa that could not be reliably assigned to a known family or genus, and group
names prefixed with a family name represent unformalized phylogenetic lineages
within  that  family). Among them, the relative abundance  of
uncultured rumen_bacterium was significantly increased (P < 0.05) in the H group
compared to the CON and L groups.

Identification of core responsive rumen bacteria by LEfSe analysis

Linear Discriminant Analysis Effect Size (LEfSe) analysis identified 11 bacterial
taxa that differed significantly among the experimental groups (Fig. 2) (with prefixes
denoting taxonomic levels: p =phylum, c¢ =class, o =order, f = family,
g =genus,ands = species). These biomarkers included g _Prevotellaceae UCG 003,
s_unclassified Prevotellaceae UCG 003, c¢_Gammaproteobacteria,
o_Enterobacterales, f Succinivibrionaceae, g Selenomonas, p Verrucomicrobiota,
g Buwyrivibrio, f UCG 010, g unclassified UCG 010, and s_unclassified UCG 010.
Correlation analysis between rumen fermentation parameters and microbiota

Association between rumen fermentation parameters and the rumen microbiota are



presented in Figure 3. At the phylum level, NH3-N and isobutyrate were negatively
correlated with Actinobacteriota. Acetate and propionate were negatively correlated
with Firmicutes but positively correlated with Fibrobacterota. Acetate, propionate,
butyrate, and valerate demonstrated positive correlations with Proteobacteria, while
acetate, propionate, and valerate were positively correlated with Spirochaetota.

At the genus level, propionate was positively correlated with Prevotella, and
isovalerate was positively correlated with unclassified Bacteroidales RF16 group. In
contrast, acetate, propionate, and butyrate showed negative correlations with
both Ruminococcus and Bacteroidales bacterium Bact 22. Additionally, acetate and
propionate were negatively correlated with Lachnospiraceae NK3A20 group.
Discussion
Rumen fermentation parameters

Rumen fermentation parameters are key indicators of dietary nutrient utilisation
efficiency. Ruminal pH, a comprehensive measure of ruminal homeostasis, remained
within the optimal range (6.00-7.00) in all groups (Viennasay et al., 2020), with no
significant differences observed. This indicates that EGCG supplementation did not
disrupt normal ruminal fermentation, consistent with previous reports on other phenolic
compounds (Tian et al., 2025b). Ammonia nitrogen (NH3-N), the end product of
nitrogen metabolism, serves as a precursor for microbial protein synthesis. The
significantly lower NH3-N concentration in EGCG-supplemented groups aligns with
previous studies on tea polyphenols (Zhong etal.,, 2019), suggesting improved
microbial nitrogen utilisation. Volatile fatty acids (VFAs), which supply 70-80% of the
energy requirements for ruminants (Wu et al., 2024) were also influenced by EGCG
addition. The concurrent increase in acetate and butyrate concentrations indicates
enhanced degradation of structural carbohydrates. The acetate-to-propionate ratio,
which reflects the rumen fermentation profile and energy utilisation efficiency (Hu
et al., 2024), remained stable despite the increase in total VFA concentration. This
demonstrated improved fermentation efficiency without changes in the overall
fermentation profile. These beneficial effects were accompanied by stable ruminal pH,

suggesting that EGCG promoted efficient fermentation without compromising ruminal



homeostasis. The specific increase in acetate levels further reflected improved fibre
digestion and a favourable alterations in microbial metabolism, which could contribute
to enhanced growth performance and feed efficiency in Hu sheep.
Rumen microbiota

The rumen hosts a complex microbial ecosystem comprising bacteria, protozoa,
and fungi, which collectively degrade fibrous plant materials and convert nutrients into
available forms. These microbial communities ferment structural carbohydrates such as
cellulose and hemicellulose into soluble sugars and short-chain fatty acids (Palma-
Hidalgo etal., 2021). Moreover, the rumen microbiota contributes to maintaining
ruminal homeostasis, particularly through pH regulation, which supports efficient
digestion and helps prevent metabolic disorders such as acidosis (Kazemi, 2021). The
composition and diversity of the rumen microbiota are influenced by multiple factors,
including diet, host genetics, and environmental conditions, reflecting the close
relationship between the microorganisms and host nutrition and health (Ahmad et al.,
2022). In the present study, EGCG supplementation did not significantly affect the
alpha diversity indices of the rumen microbiota in Hu sheep. This suggested that EGCG
did not substantially alter the overall microbial community but rather affected the
abundance of specific microbial groups while preserving overall species richness and
evenness. Beta diversity analysis (PCoA) further indicated clustering patterns without
significant separation between the groups, supporting this observation. These findings
confirm previous reports on dietary tea polyphenols in Hu sheep (Wang et al., 2024).

In this study, supplementation with EGCG significantly increased the relative
abundance of the phyla Desulfobacterota and Verrucomicrobiota, as well as the
genus-level taxon uncultured rumen bacterium.Desulfobacterota includes sulphate-
reducing bacteria such as Desulfovibrio, a predominant genus of this type of bacteria in
the rumen (Zhao et al., 2020). Therefore, the increased abundance of this phylum may
indicate an increased potential for sulphur metabolism. This may, in turn, influence
ruminal energy metabolism and contribute to the stability of the rumen microbial
community (van Leeuwen et al., 2024). Verrucomicrobiota is recognised for their role

in the degradation of complex polysaccharides (Gharechahi et al., 2023). Its increased



abundance suggests that EGCG may improve the degradation of complex dietary
carbohydrates, which may optimise nutrient utilisation by the host. Similarly, the
enrichment of wuncultured rumen_bacterium holds biological significance.
Taxonomically, these OTUs branch into lineages affiliated with the phyla Bacteroidota
and Firmicutes, both of which are primary fibrolytic bacteria. Their proliferation
strongly indicates enhanced fiber digestion and improved energy harvest for the host,
reflecting a beneficial adaptive response to EGCG supplementation.

LEfSe analysis identified several taxa that were enriched in the EGCG-
supplemented groups, including members of the class Gammaproteobacteria, the
family Succinivibrionaceae, and the genera Butyrivibrio and Selenomonas. These taxa
have been associated with fibre degradation and carbohydrate fermentation, suggesting
that EGCG may improve the fibre-degrading capacity of Hu sheep when fed roughage-
based diets. Prevotella, which is primarily involved in the degradation of hemicellulose,
starch, and protein, contributes to propionate and acetate production (Zhang et al.,
2023). Members of the family Succinivibrionaceae can utilise H> to produce succinate,
a precursor of propionate (McCabe et al., 2015), and their increased abundance may
partly explain the upward trend (though statistically non-significant) in ruminal
propionate levels. Butyrivibrio, a key butyrate-producing genus, also showed higher
abundance following EGCG supplementation, likely contributing to the elevated
ruminal butyrate concentration observed in this study (Zhou and Shen, 2025).
Collectively, these findings indicate that EGCG may influence the rumen microbial
community by selectively enriching specific functional taxa, which may in turn alter
rumen metabolism. Further studies are needed to clarify the mechanisms underlying the
effects of EGCG on rumen function and productivity in Hu sheep.

Correlation analysis between rumen fermentation parameters and microbial
community

Several significant correlations were identified between rumen fermentation
parameters and bacterial phyla. Acetate and propionate concentrations were negatively
correlated with Firmicutes but positively correlated with Fibrobacterota. Although

Firmicutes includes numerous fibre-degrading bacteria (Lin et al., 2023), its negative



correlation with these major VFAs under EGCG intervention suggests changes in the
abundance or activity of specific members of this phylum. In contrast, Fibrobacterota,
which comprises highly specialised cellulolytic bacteria (Wang et al., 2023), was
positively correlated with acetate and propionate, indicating that EGCG may promote
a more efficient fibre-degradation by specialised fibrolytic bacteria. Several VFAs were
positively correlated with Proteobacteria and Spirochaetota. The former comprises
metabolically versatile bacteria capable of rapidly fermenting non-fibrous
carbohydrates such as starch and sugars to produce VFAs (Pitta et al., 2016), while the
latter has also been associated with starch and soluble sugar degradation (Hernandez
et al., 2022). Their positive correlations with acetate, propionate, and valerate suggest
that EGCG may improve the fermentation of non-fibrous carbohydrates. NH3-N, an
indicator of protein degradation, and isobutyrate, a branched-chain VFA derived mainly
from branched-chain amino acid degradation, were negatively correlated with
Actinobacteriota. This implies that EGCG may reduce protein degradation and nitrogen
loss by influencing bacteria associated with these processes. At the genus level,
Prevotella, a major genus involved in starch and sugar degradation that produces
propionate as one of its main fermentation products (Strobel, 1992), was positively
correlated with propionate concentrations, supporting its role in propionate synthesis.
In contrast, Ruminococcus and Bacteroidales bacterium Bact 22 showed negative
correlations with acetate, propionate, and butyrate. This may reflect changes in the
abundance or activity of specific members of these genera under EGCG
supplementation or competition with other fibrolytic bacteria, such as Butyrivibrio in
the modified rumen environment (Fondevila and Dehority, 1996). Similarly,
Lachnospiraceae NK34A20 group was negatively correlated with acetate and
propionate, indicating that EGCG may affect members of this functionally diverse
group involved in rumen fermentation. Collectively, these findings suggest that EGCG
promotes favourable changes in the rumen microbial community, which may contribute
to improved rumen fermentation and nutrient utilisation.

Conclusions

Dietary supplementation with epigallocatechin gallate (EGCG) influenced the



rumen microbiota community by selectively increasing the abundance of bacterial
groups associated with carbohydrate fermentation, thereby reducing ammonia nitrogen
concentration and increasing volatile fatty acid production. These changes improved
rumen fermentation efficiency without affecting microbial diversity. The findings
suggests that EGCG has the potential to serve as a natural feed additive for sheep. Both
supplementation levels (300 and 1000 mg/head/day) produced similar effects. However,
considering cost-effectiveness, supplementation with 300 mg per head per day may be
more preferable.

Conlflict of interest

The Authors declare that there is no conflict of interest.

References

Ahmad A.A., Zhang J., Liang Z., etal., 2022. Age-dependent variations in rumen
bacterial community of Mongolian cattle from weaning to adulthood. BMC
Microbiol. 22, 213, https://doi.org/10.1186/s12866-022-02627-6

Alam M., Gulzar M., Akhtar M. S., Rashid S., Zulfareen Tanuja Shamsi A., Hassan M.
1., 2024. Epigallocatechin-3-gallate therapeutic potential in human diseases:
molecular mechanisms and clinical studies. Mol. Biomed. 5, 73,
https://doi.org/10.1186/s43556-024-00240-9

Bolyen E., Rideout J.R., Dillon M.R., et al., 2019. Reproducible, interactive, scalable
and extensible microbiome data science using QIIME 2. Nature Biotech. 37,
852-857, https://doi.org/10.1038/s41587-019-0209-9

Callahan B.J., McMurdie P.J., Rosen M.J., Han A.W., Johnson A. J., Holmes S. P., 2016.
DADAZ2: High-resolution sample inference from Illumina amplicon data.
Nature Methods, 13, 581-583, https://doi.org/10.1038/nmeth.3869

Che S., Qin B., Wu K., etal., 2024. EGCG drives gut microbial remodeling-induced
epithelial GPR43 activation to lessen Thl polarization in colitis. Redox Biol.
75, 103291, https://doi.org/10.1016/j.redox.2024.103291

Chen Y., Liu Y., Yang T., Wang X., 2024. Effects of dietary betaine and epigallocatechin

gallate on growth performance, meat quality, serum biochemical and



antioxidant indices of finishing pigs (in Chinese). Chin. J. Anim. Nutr. 36,
1525-1536, https://doi.org/10.12418/CJAN2024.135

Cimmino R., Barone C.M.A., Claps S., et al., 2018. Effects of dietary supplementation
with polyphenols on meat quality in Saanen goat kids. BMC Vet. Res. 14, 181,
https://doi.org/10.1186/s12917-018-1513-1

Fondevila M., Dehority B.A., 1996. Interactions between Fibrobacter succinogenes,
Prevotella ruminicola, and Ruminococcus flavefaciens in the digestion of
cellulose from forages. J. Anim. Sci., 74, 678-684,
https://doi.org/10.2527/1996.743678x

Gang G.,GaoR., Zhao H., Xu Y., Xing Y., Jin X., Hong L., Yan S., Shi B., 2024. Effects
of water extracts of Artemisia annua L. on rumen immune and antioxidative
indexes, fermentation parameters and microbials diversity in lambs. Front.
Microbiol. 15, 1485882. https://doi.org/10.3389/fmicb.2024.1485882

GB/T 6432-2018. Determination of crude protein in feeds—Kjeldahl method, 2018.
China Standard Press

Gharechahi J., Vahidi M.F., Sharifi G., Ariaeenejad S., Ding X.Z., Han J.L., Salekdeh
G.H., 2023. Lignocellulose degradation by rumen bacterial communities: New
insights from metagenome analyses. Environ. Res. 229, 115925,
https://doi.org/10.1016/j.envres.2023.115925

Henderson G., Cox F., Ganesh S., Jonker A., Young W., Global Rumen Census
Collaborators, Janssen P.H., 2015. Rumen microbial community composition
varies with diet and host, but a core microbiome is found across a wide
geographical range. Sci. Rep. 5, 14567, https://doi.org/10.1038/srep14567

Hernandez R., Chaib De Mares M., Jimenez H., Reyes A., Caro-Quintero A., 2022.
Functional and phylogenetic characterization of bacteria in bovine rumen
using fractionation of ruminal fluid. Frontiers Microbiol. 13, 813002,
https://doi.org/10.3389/fmicb.2022.813002

Hu F., Cheng Y., Fan B., Li W,, Ye B., Wu Z., Tan Z., He Z., 2024. Ruminal microbial
metagenomes and host transcriptomes shed light on individual variability in

the growth rate of lambs before weaning: the regulated mechanism and



potential long-term effect on the host. mSystems 9,e0087324.
https://doi.org/10.1128/msystems.00873-24

Kazemi M., 2021. An investigation on chemical/mineral compositions, ruminal
microbial fermentation, and feeding value of some leaves as alternative
forages for finishing goats during the dry season. AMB Express 11, 76,
https://doi.org/10.1186/s13568-021-01238-0

LiM., Hassan F., Peng L., Xie H., Liang X., Huang J., Huang F., Guo Y., Yang C., 2022.
Mulberry flavonoids modulate rumen bacteria to alter fermentation kinetics in
water buffalo. Peer J., 10, €143009, https://doi.org/10.7717/peerj.14309

Li P, Liu A., Xiong W., Lin H., Xiao W., Huang J., Zhang S., Liu Z., 2020. Catechins
enhance skeletal muscle performance. Crit. Rev. Food Sci. Nutr. 60, 515-528,
https://doi.org/10.1080/10408398.2018.1549534

Lin X., JuL., Cheng Q., Jiang Y., Hou Q., Hu Z., Wang Y., Wang Z., 2023. Comparison
of growth performance and rumen metabolic pathways in sheep and goats
under the same feeding pattern. Front. Vet. Sci, 10, 1013252,
https://doi.org/10.3389/fvets.2023.1013252

Ma T.,, Wu W.,, Tu Y., Zhang N., Diao Q., 2020. Resveratrol affects in vitro rumen
fermentation, methane production and prokaryotic community composition in
atime- and diet-specific manner. Microbiol Biotech., 13, 1118-1131,
https://doi.org/10.1111/1751-7915.13566

McCabe M.S., Cormican P., Keogh K., O'Connor A., O'Hara E., Palladino R.A., Kenny
D.A., Waters S.M., 2015. Illumina MiSeq phylogenetic amplicon sequencing
shows a large reduction of an uncharacterised succinivibrionaceae and an
increase of the methanobrevibacter gottschalkii clade in feed restricted cattle.
PloS one, 10, e0133234, https://doi.org/10.1371/journal.pone.0133234

NY/T 816-2021 Nutrient requirements of meat-type sheep and goat, 2021. Beijing:
China Agric. Press.

Palma-Hidalgo J.M., Jiménez E., Popova M., Morgavi D.P., Martin-Garcia A.l., Yafiez-
Ruiz D.R., Belanche A., 2021. Inoculation with rumen fluid in early life

accelerates the rumen microbial development and favours the weaning process



in goats. Anim. Microbiome 3, 11., https://doi.org/10.1186/s42523-021-
00073-9

Pitta D.W., Pinchak W.E., Indugu N., Vecchiarelli B., Sinha R., Fulford J.D., 2016.
Metagenomic analysis of the rumen microbiome of steers with wheat-induced
frothy bloat. Front. Microbiol. 7, 689,
https://doi.org/10.3389/fmicb.2016.00689

Qin M., Wang Z., Liang M., et al., 2024. Effects of dietary supplementation with tea
polyphenols and probiotics on laying performance, biochemical parameters
intestinal morphology and microflora of laying hens. Int. J. Biol.
Macromolecules 256, 128368,
https://doi.org/10.1016/j.ijbiomac.2023.128368

Strobel H.J., 1992. Vitamin B12-dependent propionate production by the ruminal
bacterium Prevotella ruminicola 23. Appl. Environ. Microbiol. 58, 2331-2333,
https://doi.org/10.1128/aem.58.7.2331-2333.1992

Tian X., Li J., Wang X., Lu Q., Fang Y., Zhong R., 2025a. Effects of selenium and
anthocyanin on apparent digestibility, blood parameters, rumen fermentation,
and microbiota compositions of goat doe. Sci. Rep. 15, 38207,
https://doi.org/10.1038/s41598-025-22118-8

Tian X.Z., Xu Y.Q., Qin J.X., Wang X., Xie S.L., Chen R., Lu Q., Chen X., 2025b.
Effects of coix seed polyphenol extract on rumen fermentation, milk
production, fatty acid profile, antioxidant activity, and polyphenol content in
dairy goats. J. Dairy Sci. 108, 2407-2421, https://doi.org/10.3168/jds.2024-
25366

van Leeuwen P.M.L., Mastromonaco G.F., Mykytczuk N., Schulte-Hostedde A.I., 2024.
Captivity conditions matter for the gut microbiota of an endangered obligate
hibernator. Conserv. Physiol. 12, coae072,
https://doi.org/10.1093/conphys/coae072

Van Soest P.J., Robertson J.B., Lewis B.A., 1991. Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal nutrition.

J. Diary Sci. 74, 3583-3597, https://doi.org/10.3168/jds.S0022-



0302(91)78551-2

Vasta V., Luciano G., 2011. The effects of dietary consumption of plants secondary
compounds on small ruminants' products quality. Small Rumin. Res. 101, 150-
159, https://doi.org/10.1016/j.smallrumres.2011.09.035

Viennasay B., Wanapat M., 2020. Strategic supplementation of Flemingia silage to
enhance rumen fermentation efficiency, microbial protein synthesis and
methane mitigation in beef cattle. BMC Vet. Res. 16, 480,
https://doi.org/10.1186/s12917-020-02703-x

Wang D., Chen L., Tang G., et al., 2023. Multi-omics revealed the long-term effect of
ruminal keystone bacteria and the microbial metabolome on lactation
performance in  adult dairy goats. Microbiome 11, 215,
https://doi.org/10.1186/s40168-023-01652-5

Wang H., Zhan J., Zhao S., Jiang H., Jia H., Pan Y., Zhong X., Huo J., 2024. Microbial-
metabolomic exploration of tea polyphenols in the regulation of serum
indicators, liver metabolism, rumen microorganisms, and metabolism in hu
sheep. Animals 14, 2661, https://doi.org/10.3390/ani14182661

WuG., Cheng H., Guo H., Li Z.,Li D., Xie Z., 2023. Tea polyphenol EGCG ameliorates
obesity-related complications by regulating lipidomic pathway in leptin
receptor  knockout rats. The J. Nutr. Biochem., 118, 109349,
https://doi.org/10.1016/j.jnutbio.2023.109349

Wu X., Zhang G., Zhang W., Zhou J., Cong H., Yang G., Liu G., 2024. Rumen
microbiota helps Tibetan sheep obtain energy more efficiently to survive in the
extreme environment of the Qinghai-Tibet Plateau. Front. Microbiol. 15,
1431063, https://doi.org/10.3389/fmicb.2024.1431063

Zhang X., Han L., Gui L., Raza S. H.A., etal., 2023. Metabolome and microbiome
analysis revealed the effect mechanism of different feeding modes on the meat
quality of Black Tibetan sheep. Front. Microbiol. 13, 1076675,
https://doi.org/10.3389/fmicb.2022.1076675

Zhang Z., Zhang X., Bi K., He Y., Yan W,, Yang C. S., Zhang J., 2021. Potential

protective mechanisms of green tea polyphenol EGCG against COVID-19.



Trends Food Sci. Tech. 114, 11-24, https://doi.org/10.1016/j.tifs.2021.05.023

Zhao Y., Xie B., Gao J., Zhao G., 2020. Dietary supplementation with sodium sulfate
improves rumen fermentation, fiber digestibility, and the plasma metabolome
through modulation of rumen bacterial communities in steers. Appl. Environ.
Microbiol., 86, e01412-20, https://doi.org/10.1128/AEM.01412-20

Zhong R., Xiang H., Cheng L., Zhao C., Wang F., Zhao X., Fang Y., 2019. Eftects of
feeding garlic powder on growth performance, rumen fermentation, and the
health status of lambs infected by gastrointestinal nematodes. Animals 9, 102,
https://doi.org/10.3390/ani9030102

Zhou X., Shen X., 2025. Cecropin supplementation improves growth performance by
regulating immune function, rumen fermentation and microbiota in goats.
Anim. Biosci., 38, 2651-2664, https://doi.org/10.5713/ab.25.0103

Zhu W., Su Z., Xu W., Sun H.X., Gao J.F., Tu D.F,, Ren C.H., Zhang Z.J., Cao H.G.,
2021. Garlic skin induces shifts in the rumen microbiome and metabolome of
fattening lambs. Animal 15, 100216,
https://doi.org/10.1016/j.animal.2021.100216



Table 1. Composition and nutrient levels of basal diets, DM basis

ltems Content, %
Ingredients

Soybean meal 14.00
Corn 21.00
Peanut seedling 17.00
Hybrid penisetum 35.00
Garlic skin 10.50
NaCl 0.50
Premix" 2.00

Total 100.00

Nutrient levels?)

GE, MJ/kg 15.63
ME, MJ/kg 9.06
Ash 9.91
CcP 13.23
NDF 46.07
ADF 25.69
Ca 0.98
TP 0.54

DM - dry matter, GE — gross energy, ME — metabolizable energy, CP — crude protein, NDF — neutral detergent fibre,
ADF — acid detergent fibre, TP — total phosphorus, *’ provided per kg of diets: mg: Cu 20.0, Fe 80.0, Mn 30.0, Zn
80.0, 1 1, Se 0.30, Co 0.5, VE 50.0; IU: VA 20 000, VD 5 000; 2° ME was a calculated value, while the others were

measured values



Table2. Effects of dietary epigallocatechin gallate (EGCG) addition levels on rumen fermentation parameters of Hu

sheep
Items CON Group L Group H Group SEM P-value
pH value 6.63 6.61 6.68 0.034 0.900
Ammonia nitrogen (NHs-N), mg/dI 32.12a 9.33° 10.300 4.276 0.033
Acetate (AA), mmol/| 23.40° 31.742 32.712 1.712 0.036
Propionate (PA), mmol/l 6.20 8.93 8.39 0.660 0.210
Isobutyrate (IBA), mmol/l 1.34 0.93 117 0.087 0.152
Butyrate (BA), mmol/l 4850 7.23 7.23 0.472 0.045
Isovalerate (IVA), mmol/l 1.73 1.45 1.76 0.156 0.696
Valerate (VA), mmol/l 0.76 0.88 0.97 0.100 0.723
Acetate to Propionate ratio 3.81 3.76 4.04 0.161 0.780
Total VFA (TVFA), mmol/| 38.270 51.162 52.232 2.660 0.044

CON Group - control group fed the basal diet, L Group — fed the basal diet supplemented with 300 mg/h/day EGCG;
H Group - fed the basal diet supplemented with 1000 mg/h/day EGCG; SEM - standard error of the mean, P > 0.05
(no statistically significant); a0 — different letters indicate significant differences between mean values for a given

behaviour (P < 0.05)

Table 3. Effects of dietary epigallocatechin gallate (EGCG) addition levels on Alpha diversity index of rumen

bacterial of Hu sheep

ltems CON Group L Group H Group SEM P-value

ACE 2267.1013 1901.5643 2194.8672 78.34776 0.127
Shannon 9.2075 9.1325 9.4596 0.08717 0.295
Simpson 0.9918 0.9947 0.9967 0.00114 0.215

Chao 2260.0252 1894.4819 2188.848 78.25072 0.126

CON Group — control group fed the basal diet, L Group — fed the basal diet supplemented with 300 mg/h/day EGCG,
H Group - fed the basal diet supplemented with 1000 mg/h/day EGCG, SEM - standard error of the mean, P > 0.05

(no statistically significant)



Table 4. Effects of dietary epigallocatechin gallate (EGCG) on the abundance of bacteria at the phylum and genus
levels in the rumen of Hu Sheep

ltems CON Group L Group HGroup  SEM P-value
Phylum levels

Actinobacteriota 0.0166 0.0360 0.0174 0.0048  0.187
Bacteroidota 0.4463 0.4332 0.4452 0.0080  0.783
Desulfobacterota 0.00470 0.00642 0.00982 0.0009  0.036
Fibrobacterota 0.0076 0.0177 0.0123 0.0022 0.164
Firmicutes 0.4504 0.4226 0.4231 0.0112  0.546
Patescibacteria 0.0097 0.0078 0.0078 0.0011  0.753
Proteobacteria 0.0081 0.0126 0.0108 0.0012  0.312
Spirochaetota 0.0110 0.0232 0.0178 0.0028  0.217
Synergistota 0.0088 0.0087 0.0056 0.0020  0.789
Verrucomicrobiota 0.0246° 0.01600 0.03382 0.0028  0.021
Genus levels

Bacteroidales_bacterium_Bact_22 0.0598 0.0061 0.0050 0.0135 0.168
Christensenellaceae_R_7_group 0.0448 0.0535 0.0448 0.0038  0.603
Lachnospiraceae_NK3A20_group 0.0406 0.0317 0.0274 0.0041 0434
NK4A214_group 0.0315 0.0408 0.0363 0.0025 0.330
Prevotella 0.1387 0.1889 0.1506 0.0115  0.179
Rikenellaceae_RC9_gut_group 0.0747 0.0603 0.0811 0.0060  0.375
Ruminococcus 0.0493 0.0282 0.0336 0.0048  0.178
unclassified_Bacteroidales_RF16_group 0.0303 0.0231 0.0251 0.0032  0.679
unclassified_F082 0.0336 0.0233 0.0415 0.0034  0.088
uncultured_rumen_bacterium 0.08330 0.08480 0.11872 0.0063  0.019

CON Group — control group fed the basal diet, L Group — fed the basal diet supplemented with 300 mg/h/day EGCG;
H Group — fed the basal diet supplemented with 1000 mg/h/day EGCG; SEM - standard error of the mean, P > 0.05
(no statistically significant); a0 — different letters indicate significant differences between mean values for a given
behaviour (P < 0.05)
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Figure 1. PCoA of rumen microbial community of Hu sheep

PCoA - principal coordinates analysis; PC1 —first principal component; PC2 - second principal component;
CON - control group fed the basal diet; L — fed the basal diet supplemented with 300 mg/h/d EGCG; H - fed the
basal diet supplemented with 1000 mg/h/d EGCG
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Figure 2. Identification of key microbiota in Hu sheep rumen fluid

(A) Cladogram of annotated differential species; (B) Score plot of differential species based on LDA analysis.
LDA - linear discriminant analysis; CON — control group fed the basal diet; L - fed the basal diet supplemented with
300 mg/h/day EGCG; H-fed the basal diet supplemented with 1000 mg/h/day EGCG; EGCG - dietary

epigallocatechin gallate
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Figure 3. Heat map of correlation analysis between rumen fermentation parameters and microbiota. * P < 0.05, *
P<0.01,™P<0.001.

(A) Correlation analysis between rumen fermentation parameters and the top ten abundant phyla; (B) Correlation
analysis between rumen fermentation parameters and the top ten most abundant genera. AA — acetate, PA -
propionate, BA — butyrate, VA — valerate, IVA — isovalerate, IBA — isobutyrate



