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Abstract
The characteristic ‘mutton flavor’, primarily attributed to branched-chain fatty acids (BCFAs), is influenced by various 
factors including rumen microbes. This study aims to elucidate the disparities in meat flavor compounds and 
their underlying regulatory mechanisms mediated by rumen microbes between two important sheep breeds 
on the Qinghai-Tibetan Plateau. We used LC-MS/MS to analyze BCFAs and rumen short-chain fatty acids (SCFAs), 
along with metagenomic sequencing to characterize the rumen microbiome. Compared to Tibetan sheep, Small 
Tail Han sheep exhibited significantly higher concentrations of BCFAs, including 4-ethyloctanoic acid (EOA) and 
4-methyloctanoic acid (MOA), as well as SCFAs such as pentanoate, glutarate, and propionate. In contrast, acetate 
levels were inversely correlated with these fatty acids. Metagenomics revealed a predominance of Bacteroidota 
(formerly Bacteroidetes) and Bacillota (formerly Firmicutes) in sheep. Furthermore, random forest and LEfSe analyses 
identified seven bacterial biomarkers, including Lactobacillus, Ligilactobacillus, Blautia, Anaerovibrio, Selenomonas, 
Phocaeicola, Sodaliphilus. Functional analysis indicated differences in carbohydrate degradation capabilities of two 
breeds. Likewise, strong positive correlations of propionate with MOA, and glutarate with EOA were observed, 
respectively. The findings are expected to provide critical insights into the potential for modulating meat flavor 
through nutritional strategies targeting rumen microbes.
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Introduction
Sheep meat is not universally appreciated by all consum-
ers. Unlike pork, beef, and chicken, mutton possesses dis-
tinctive odors and flavors often referred to as the ‘mutton 
flavor’, which some may find unappealing. The ‘mutton 
flavor’ has been identified to be a complex odor com-
posed of a series of compounds, such as, volatile organic 
compounds and branched-chain fatty acids (BCFAs). 
Therein three BCFAs, 4-methyloctanoic acid (MOA), 
4-ethyloctanoic acid (EOA) and 4-methylnonanoic acid 
(MNA), are the main characteristic flavor compounds 
in sheep and goat [1–3]. The few studies indicated that 
the mutton flavor depends on diet, temperature, breed, 
sex and age [4–7]. Our previous study has indicated the 
differentiated effects of pasture-grazing and concentrate-
feeding on flavor character of fat in sheep [8]. Meanwhile, 
the content of flavor related compounds accumulated 
with age in sheep [9]. The differentiated BCFAs also have 
been detecting between meat of F1 hybrid sheep between 
Australian white sheep and native Small-tail Han Sheep 
(ST) [10]. Additionally, short-chain fatty acids (SCFAs) 
related rumen microbes have been involved in the gen-
eration of BCFAs. SCFAs produced by rumen microbial 
fermentation are absorbed by the rumen and transported 
to organs such as muscles. A portion of SCFAs is 
employed to synthesize BCFAs. Recent literature high-
lights the significance of the microbiome in shaping the 
metabolic profiles of ruminants, including sheep, where 
specific microbial taxa can influence SCFAs production 
[11, 12]. Except for diet, breed is another dominant factor 
driving the shift in microbial communities of gastrointes-
tinal tract, and our previous research has demonstrated 
the differential diversity of gastrointestinal microbiota 
among ST, the big-tailed Hulun Buir sheep, and the 
short-tailed Steppe sheep with the same diet, in plain ter-
rain [13].

Tibetan sheep (TS) is a meat sheep breed that can adapt 
to the special environmental conditions of the Qinghai-
Tibetan Plateau area (QTPA) of China and is also the 
main sheep breed in the QTPA. Due to the high repro-
ductive rate and strong adaptability, ST has been intro-
duced to various regions, including the QTPA. While 
local residents assert that the meat of TS has a reduced 
‘mutton flavor’ based on their tasting experiences, there 
is a lack of scientific data or biomarkers to substantiate 
this claim. Although both TS and ST are important con-
tributors to animal husbandry in QTPA, little research 
about the difference in meat flavor and the related regula-
tory modes between them.

Consequently, the primary objective of this study was 
to compare the mutton flavor-related BCFAs between 
two sheep breeds, and further explore the potential rel-
evance of rumen microbes, SCFAs and mutton BCFAs in 
TS and ST by multi-omics data. It can lead to practical 

applications in animal husbandry, and guide the design of 
targeted dietary interventions that optimize the mutton 
flavor.

Methods
Animals and samples collection
Twelve 12-month-old female sheep with similar health 
status and weights were obtained from one farm on the 
QTPA (Qinghai Provincial Sheep Breeding and Promo-
tion Center), which is at an altitude of about 3200 m. 
Wherein Small-tail Han Sheep (ST) and Tibetan Sheep 
(TS) was each of 6 sheep, which all were growing up 
through grazing. Fasting for 24 h before slaughter, all 
ewes were anesthetized and killed with an injection of 
sodium pentobarbital (> 30 mg/kg), followed by supple-
mental doses as needed. The injection of sodium pento-
barbital is among the most widely endorsed techniques 
for animal euthanasia, as recognized by the AVMA 
guidelines [14]. Also, several reports have utilized sodium 
pentobarbital in experiments involving sheep [15, 16]. 
Hot carcass obtained after slaughtered when separation 
of feet, skin, head, lungs and trachea, heart, liver, spleen, 
and gastrointestinal tract. The base of the tail adipose tis-
sues and rumen contents were sampled into sterile tubes 
and immediately cryopreserved in liquid nitrogen, then 
transported to the laboratory for preservation at -80 °C 
until analysis.

Measurement of adipose flavor compounds and rumen 
short-chain fatty acids
The tail adipose tissues and rumen contents were pro-
cessed by the same sample pretreatment and derivatiza-
tion methods. After adding 300µL acetonitrile solution 
(pre-cooled at 4℃) to the sample (0.05–0.15  g), grind-
ing for 3  min (sample tray must pre-cooled at -20℃), 
and ultrasound extract in an ice water bath for 10  min. 
After centrifugation for 10 min (4℃, 12000 rpm), trans-
fer 80µL of supernatant to an injection vial, then add 
40µL of 200mM 3-NPH (50% acetonitrile solution, v/v) 
and 40µL of 120mM EDC-6% pyridine (50% acetonitrile 
solution, v/v), next react at 40℃ for 30 min. After cool-
ing on ice for 1  min, 160µL of the supernatant was fil-
tered by a syringe through an organic phase pinhole filter 
(0.22 μm), transfer the liquid to a brown injection bottle, 
and wait for LC-MS/MS system detection. The method 
for derivatization of standards were the same as above.

An LC-MS/MS system (AB Sciex Qtrap 5500/Waters 
I-class, ACQUITY UPLC BEH C18 column with 100 mm 
× 2.1 mm × 1.7 μm) was employed to quantitative mea-
suring the flavor compounds, such as 4-ethyloctanoic 
acid (EOA), 4-Methylnonanoic acid (MNA), 4-methy-
loctanoic acid (MOA), as well as short-chain fatty acids 
(SCFAs, include acetic acid, butyric acid, glutaric acid, 
hexanoic acid, isobutyric acid, isovaleric acid, lactic acid, 
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malonic acid, pentanoic acid, propionic acid, succinic 
acid). The details refer to Table S1 and S2.

Rumen microbial DNA isolation and metagenomics 
sequencing
Microbial genomic DNA of all samples were isolated by 
a QIAamp® Fast DNA Stool Mini Kit (Qiagen, Germany) 
following the manufacturer’s instructions. VAHTS Uni-
versal PLUS DNA Library Prep Kit for Illumina (Vazyme, 
China) was used for constructing the libraries. Then, 
the libraries were sequenced on an DNBSEQ-T7 (MGI, 
China) and 150 bp paired-end reads were generated (OE 
Biotech, Shanghai, China).

Data analysis
Based on default parameters, each metabolite was iden-
tified using SCIEX OS-MQ software (Sciex, USA). And 
quantified the flavor compounds and SCFAs through the 
standard curves obtained from the prepared standard 
solution.

Fastp (v0.20.1) was used to trim and filter reads, and 
then bbmap (v38.93-0) was operated to remove the sheep 
genome to get valid reads, which could be assembled by 
MEGAHIT (v1.2.9) [17, 18]. Then, prodigal (v2.6.3) was 
performed to predict and translate ORFs [19]. The non-
redundant gene sets were built for all predicted genes 
using MMSeqs2 (v13.4511). Clean reads aligned against 
the non-redundant gene set with 95% identity through 
salmon (v1.8.0), and the abundant information of the 
gene in the corresponding sample was counted. The tax-
onomy of the species was obtained from the NR Library, 

and the abundance of the species was calculated using 
the corresponding abundance of the genes. In order to 
construct the abundance profile on the corresponding 
taxonomy level, abundance statistics were performed 
at each level. Based on the abundance spectrum, beta 
diversity was calculated and plotted using R (v4.1.2). The 
gene set representative sequence (amino acid sequence) 
was annotated with NR, KEGG database by DIAMOND 
(v2.1.3) [20], and compared with the CAZy database 
by hmmscan (v3.1) to obtain the carbohydrate active 
enzyme abundance of microbes [21].

Differential flavor compounds, SCFAs, alpha esti-
mators, and the relative abundance of phylum, genus, 
KEGG pathway and CAZymes between ST and TS, 
were analyzed by t test, which statistical significance was 
declared at p < 0.05. LEfSe analysis and Random Forest 
was employed to screen biomarkers between two breeds 
of sheep, whereupon according to LDA score (> 2.0) and 
Mean Decrease Accuracy value, respectively. The corre-
lation among the differential flavor compounds, SCFAs, 
and the screened genera were analyzed by Pearson Cor-
relation Coefficient (p < 0.05, |r| > 0.6).

Results
Differential levels of adipose flavor compounds between 
TS and ST
The concentrations of three BCFAs (EOA, MOA, and 
MNA) in tail fats were shown in Fig. 1a. The concentra-
tion of MNA in tail fats showed no difference between 
TS and ST. However, the levels of EOA and MOA in 

Fig. 1  Three BCFAs of fats a and SCFAs of rumen contents b in TS and ST. MOA, 4-methyloctanoic acid; EOA, 4-ethyloctanoic acid; MNA, 4-methylnona-
noic acid (MNA); TS, Tibetan sheep; ST, Small-tail Han Sheep. Six sheep per group. * means significant difference between 2 group based on t test. Values 
are expressed as the mean ± SEM
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ST were significantly higher than those in TS (p < 0.05, 
log2FoldChange > 1.0).

Rumen SCFAs in TS and ST
Fig. 1b depicted the relative content of SCFAs (acetic 
acid, butyric acid, glutaric acid, hexanoic acid, isobutyric 
acid, isovaleric acid, lactic acid, malonic acid, pentanoic 
acid, propionic acid, succinic acid) in rumen in TS and 
ST. The total SCFAs, the levels of butyrate, hexanoate, 
isobutyrate, isovalerate, lactate, malonate, and succi-
nate in rumen of the two sheep breeds were similar and 
showed no significant difference. The level of pentanoate 
in rumen of ST was significantly higher than that of TS 
(p < 0.05). The relative amount of glutarate and propio-
nate were also significantly higher in ST compared to that 
in TS (p < 0.01). However, the acetate content was higher 
in TS (p < 0.01). 

Differences of rumen microbes between TS and ST
Rumen contents samples from 12 sheep were performed 
metagenomic sequencing and generated 46.9  million 
clean reads per sheep on average. The Good’s Coverage 
index in each individual was over 0.9999. Besides, there 
was no significant difference on Coverage index and 
Shannon indices between ST and TS group. Yet Chao1 
richness was much lower in ST than that in TS (p < 0.01, 
Figure S1). The distinct distribution of 2 group in the 
PCoA plot based on Bray-Curtis distance represented 
dissimilar patterns for rumen microbial communities in 
ST and TS (p < 0.01, Figure S2).

Also, metagenome analysis revealed that the rumen 
microbiome in sheep was dominated by the Bacteria, fol-
lowed by Archaea and the Fungi of Eukarya. As shown 
in Fig.  2a, the bacterial community at the phylum level 
was dominated by Bacteroidota (formerly Bacteroide-
tes, 46.51–51.25%) and Bacillota (formerly Firmicutes, 
21.31–22.76%), followed by Fibrobacterota (5.06–6.07%), 

Fig. 2  The rumen microbial taxa in sheep. The microbial taxonomic composition at phylum a and genus b  level of all rumen content samples. Venn 
diagram indicates the numbers of biomarkers (genera) screened by Random Forest and LEfSe c. TS, Tibetan sheep; ST, Small-tail Han Sheep
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Spirochaetota (4.87-5.00%), Pseudomonadota (formerly 
Proteobacteria, 1.84–7.34%), Candidatus_Saccharibacte-
ria (0.30–0.89%), and Kiritimatiellota (0.23–0.51%). The 
relative abundance of Bacteroidota, Bacillota, Pseudo-
monadota and Candidatus_Saccharibacteria were higher, 
while Fibrobacterota, Spirochaetota and Kiritimatiel-
lota were lower in ST compared with TS. Conspicuously, 
the differential relative abundance of Kiritimatiellota 
was presented between two group (p < 0.05). Besides, 
Chytridiomycota (0.33–1.36%, belongs to Fungi) and 
Euryarchaeota (0.46–0.69%, belongs to Archaea) with 
high relative abundance were more abundant in ST. At 
the genus level (Fig. 2b), the top 15 most prominent gen-
era were Prevotella (18.49–27.88%), followed by Fibro-
bacter (5.03-6.00%), Treponema (4.09–4.32%), Hallella 
(0.008-3.50%), Ruminococcus (0.90–1.26%), Selenomonas 
(0.02–1.74%), Butyrivibrio (0.77–0.96%), Eubacterium 
(0.52–0.65%), Clostridium (0.24–0.90%), Methanobrevi-
bacter (0.28–0.63%), Saccharofermentans (0.32–0.58%), 
Succinatimonas (0.004–0.85%), Bacteroides (0.28–0.56%), 
Megasphaera (0.005–0.75%) and Schwartzia (0.24–
0.46%). Among the prominent genera, Bacteroides was 
more abundant in ST (p < 0.05). Specially, Methanobrevi-
bacter belongs to Archaea, and with higher relative abun-
dance in TS remarkably (p < 0.05).

The Random Forest analysis was conducted on 73 
important genera, alongside the LEfSe analysis identify-
ing 78 differentiated genera between TS and ST. Of the 
above biomarkers, 7 common bacterial genera, Lactoba-
cillus, Ligilactobacillus, Blautia, Anaerovibrio, Selenomo-
nas, Phocaeicola, Sodaliphilus, were shared by Random 
Forest and LEfSe (Fig.  2c). Besides, all of the 7 genera 
were more abundant in ST rather than in TS. 

Functional metagenomic profiles of TS and ST
The differences at KEGG pathway were conducive to 
understand the functional differences between TS and 
ST rumen microbes. A total of 259 differential categories 
at KEGG pathway level 3 were detected. Therein, 50 cat-
egories belonged to the metabolism pathway, and were 
involved in amino acid, nucleotide, carbohydrate, Glycan, 
cofactors and vitamins, lipid, terpenoids and polyketides 
and xenobiotics metabolism. Apart from Inositol phos-
phate metabolism, Ether lipid metabolism, Arachidonic 
acid metabolism, Steroid biosynthesis, and Steroid deg-
radation, the relative abundance of the other 45 pathways 
in ST microbes were higher than in TS microbes (Fig. 3a).

To further explore and compare the microbial poten-
tial for dietary degradation between TS and ST, the 
professional CAZy database for studying carbohydrate 
enzymes was employed. As shown in Fig.  3b, the rela-
tive abundance of Auxiliary activities (AA), and Gly-
cosyl transferases (GT) in the ST were higher than in 
the TS (p < 0.05). Conversely, the relative abundance of 

Carbohydrate-binding modules (CBM) and Polysaccha-
ride lyases (PL) were higher in the TS (p < 0.05). At the 
genus level, Prevotella and Fibrobacter predominantly 
contributed to the six classes of CAZy database. The 
relative contribution of Prevotella to the CBM, CE, GH, 
GT, and PL classes of CAZy was higher in ST than TS 
(p < 0.05). Also, the opposite was observed for Fibrobac-
ter (p > 0.05). Ruminococcus was distributed in all classes 
except for AA, and was more abundant in TS, but instead 
in PL class. Bacteroides, Butyrivibrio, Clostridium, 
Eubacterium, Hallella, Selenomonas, and Treponema 
were contributed to the six classes. Bacteroides, Clostrid-
ium, Hallella, and Selenomonas were higher, while Butyr-
ivibrio and Eubacterium were lower in the ST compared 
to TS. Ultimately, the relative contribution of Treponema 
in the AA, CBM, GT classes was higher in ST, but con-
verse results in the CE, GH and PL classes (Fig. 3c). 

Relationship of flavor compounds, rumen microbes and 
SCFAs
Pearson correlation analysis was employed to explore 
the relevance among the differential flavor compounds 
(EOA and MOA), SCFAs (acetic acid, glutaric acid, pen-
tanoic acid and propionic acid), and the 7 screened bio-
markers. All significant correlations were represented in 
Fig. 4 (p < 0.05), MOA was positively correlated to rumen 
propionic acid (r = 0.83) and Blautia (r = 0.68), whereas 
negatively related to acetic acid (r = -0.66). EOA had pos-
itive correlation with rumen glutaric acid (r = 0.84) and 
Anaerovibrio (r = 0.73). Additionally, pentanoic acid cor-
related positively to Blautia, Phocaeicola, Lactobacillus, 
Ligilactobacillus, Sodaliphilus, Selenomonas (r = 0.64–
0.91). Propionic acid was also positive associated with 4 
biomarkers (Phocaeicola, Sodaliphilus, Selenomonas, and 
Blautia) with correlation coefficient (r) from 0.67 to 0.88. 
Still, glutaric acid was positively correlated with Pho-
caeicola (r = 0.71) and Anaerovibrio (r = 0.81). There was 
a strong inverse correlation (r = -0.84 to -0.67) between 
acetic acid and 6 specific genera (Blautia, Selenomonas, 
Anaerovibrio, Sodaliphilus, Ligilactobacillus, Lactobacil-
lus) yet. The raw data were provided in the supplemen-
tary material. 

Discussion
Variations in flavor profiles can significantly influ-
ence consumer preferences and marketability of live-
stock products. Various chemical compounds have been 
implicated in contributing to ‘mutton flavor’. Of those 
compounds, BCFAs, principally EOA, MOA and MNA, 
have been confirmed to be the most important [1, 2, 22]. 
Additionally, several studies indicated that EOA, MOA 
and MNA of adipose were easier to detect rather than 
in muscle tissue [23, 24]. Previous studies have indi-
cated that BCFAs accumulation is affected by various 
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Fig. 3  Comparative functional analysis of rumen microbiomes from TS and ST. The Functional enrichment analysis showing the differential KEGG me-
tabolism pathways (KEGG_3, < 0.05) between TS and ST a. Differences in the abundant genes of CAZy functional terms between rumen microbes of TS 
and ST b. The bar plot shows the top 10 abundant genera contributed to six CAZy classes in sheep c. TS, Tibetan sheep; ST, Small-tail Han Sheep. Six sheep 
per group. * means significant difference between 2 group according to t test
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non-genetic factors, including dietary composition and 
grazing conditions [8, 25], which could lead to significant 
differences in the fatty acid profiles present in the meat. 
Further, consumer panels were conducted to compare 
the sensory characteristics of meat from sheep of differ-
ent age, sex or breeds [5, 26]. The difference of BCFAs 
levels among sheep breeds was barely reported. In this 
study, the higher concentrations of EOA and MOA in ST 
compared to TS, which suggested a more intense odor of 
meat in ST.

Our study investigated that the level of propionate, 
as well as EOA and MOA were markedly higher in ST, 
which was in concordance with previous research that 
indicated SCFAs, such as propionate and butyrate, were 
the precursors of BCFAs synthesis [27]. Researchers 
have shown that propionate can synthesize BCFAs in 
the preen gland of geese [28]. Evidence indicated that 
the incomplete metabolism of excessive propionate and 
its derivative resulted to the accumulation of BCFAs in 
adipose tissue of sheep and goat. Excess propionate is 
converted into methylmalonyl-CoA via hepatic gluco-
neogenesis. Then methylmalonyl-CoA serves as a primer 
for fatty acid synthase, which produces MOA and EOA 
in adipose tissue [29]. This might explain the high levels 
of propionic acid and EOA, MOA observed in ST. Like-
wise, the correlation analysis in this study also indicated 
the positive relationship of MOA and rumen propionic 
acid in sheep. Barely report demonstrated BCFAs asso-
ciated with acetic acid, glutaric acid and pentanoic acid. 
Yet it was clear that acetyl-CoA carboxylase (ACC) and 
fatty acid synthase (FASN) utilized acetyl-CoA, which 
captured acetate as one of the carbon sources, to syn-
thesize fatty acids in mammalian cells [30]. Our research 

revealed that acetate directly or indirectly negative reg-
ulation with MOA and EOA levels. Thereby, the higher 
level of acetate increased the concentration of acetyl-
CoA, which led TS preferred to traditional fatty acid syn-
thesis, perchance. Likewise, pentanoic acid and glutaric 
acid might be also as the carbon skeleton for MOA and 
EOA, respectively.

Additionally, the distinct microbiome observed in ST 
and TS suggested that specific microbial taxa might play 
pivotal roles in the fermentation processes that contrib-
uted to BCFAs and SCFAs production. Anaerobic gut 
fungi from herbivores can generate cellulosomes for fiber 
degradation to produce SCFAs. However, there are few 
reports on Chytridiomycota contributing to fiber degra-
dation. Methanobrevibacter was commonly found in the 
rumen of sheep, and in this study, it with prominently 
higher relative abundance in TS. Presently, Methanobre-
vibacter can reduce the hydrogen partial pressure in the 
environment by consuming hydrogen. Low hydrogen 
partial pressure favors the continuous decomposition 
of organic matter by hydrogen-consuming microorgan-
isms, such as cellulose-degrading bacteria, resulting 
in the production of acetic acid [31, 32]. By competing 
with propionic acid-producing bacteria for hydrogen, 
Methanobrevibacter may indirectly inhibit propionic acid 
production [32]. This is consistent with our results. Fur-
thermore, Methanobrevibacter has been reported having 
a positive relationship with ethyl caproate and hexanoic 
acid in pit mud [33], as well as 2-phospho-D-glyceric 
acid [34]. There is a report that speculate 2-phospho-D-
glyceric acid may contribute to the glyoxylate and dicar-
boxylate, and pentose phosphate pathway to modulate 
muscle fatty acids in TS and Oula sheep [34]. But a direct 
regulatory relationship has still not been established. It 
is possible that the glyoxylate and dicarboxylate metab-
olism and the pentose phosphate pathway contribute 
to muscle fatty acid synthesis by generating substantial 
acetic acid. Bacteroides were not only significantly more 
abundant, but also contributed more to GT class in ST 
compared to TS. The genera Bacteroides and Prevotella 
were well known in ability to metabolize carbohydrates 
just substrate specificity, and contributed to carbohy-
drates degraded classes (GH, CE and PL) [35]. It was 
concordant with the present results for Prevotella. Car-
bohydrates were fermented by the abundant Prevotella 
to provide energy and SCFAs, then prospective gener-
ate more BCFAs in ST. Of the 7 screened biomarkers, 
the genera Blautia and Anaerovibrio had direct positive 
relationship with BCFAs. Blautia was known as a butyr-
ate producer, but still was observed for associating with 
propionic acid of several reports [36], what correlation 
also was detected in this study. Thereby the observed 
positive correlation between Blautia and MOA may stem 
from the role of propionic acid in the synthesis of BCFAs. 

Fig. 4  The correlation of EOA and MOA, the differential SCFAs, and bio-
markers in sheep. Pearson correlation coefficient with |r|>0.6 and p < 0.05 
are shown. The solid and dotted edge are stand for positive and negative 
correlations. MOA, 4-methyloctanoic acid; EOA, 4-ethyloctanoic acid; TS, 
Tibetan sheep; ST, Small-tail Han Sheep
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Although Anaerovibrio was involved in lipid metabolism 
and could increase lipase activity [37, 38], the relation-
ship of Anaerovibrio and BCFAs was barely reported. It 
was a very definite possibility that previously paying few 
attentions to glutaric acid when exploring rumen SCFAs. 
Here the results offered a new perspective on the regu-
lation of EOA by rumen Anaerovibrio and glutaric acid. 
Furthermore, the special biomarker in this research was 
Selenomonas, which also was one of the most abundant 
genera in rumen, as well as one of the primarily contrib-
uted to CAZy classes. Among the above analysis, the 
relative abundance of Selenomonas was always higher 
in ST compared to TS. Selenomonas can decarboxylate 
succinate to propionate [39], and a positive association 
between Selenomonas and propionate also persisted in 
the rumen of lambs [27]. Thus, propionate was the poten-
tially pivotal SCFAs fitting several rumen genera and fat 
MOA together.

In conclusion, this study highlights significant differ-
ences in meat flavor related BCFAs, rumen SCFA pro-
files, and microbial communities between Small-tail Han 
Sheep (ST) and Tibetan Sheep (TS). By elucidating the 
complex interactions between rumen microbial com-
munities and flavor compounds, this research paves the 
potential way for microbes-mediated nutritional manip-
ulation strategies that aimed at altering meat flavor in 
sheep farming. However, this study primarily reveals 
correlations rather than establishes causal relationships, 
highlighting the need for more detailed mechanistic 
investigations, such as isotope-tracing experiments, in 
the future.
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