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Abstract. Sangadji I, Kunda RM, Utami P. 2025. Metagenomic investigation of the fecal microbiota in Lakor goats of different sexes
with a basic diet of field grass. Biodiversitas 26: 1861-1869. Gut microbiota play a crucial role in the health and productivity of ruminants,
including goats. This study investigated the composition and diversity of fecal microbiota in Lakor goats of different sexes fed a basic diet
of field grass using a metagenomic approach. A total of 10 samples were collected from male and female goats of 5 samples each, and high-
throughput sequencing of the 16S rRNA gene was performed to analyze the microbial community structure. Results revealed significant
differences in microbiota composition between sexes, which may be influenced by hormonal differences, feeding behavior, and metabolic
needs. This study suggests that sex influences the composition of fecal microbiota in Lakor goats. Moreover, it revealed that sex affects the
diversity and composition of the microbiota, with significant differences at the family and species levels. Alpha diversity analysis showed
that female goats had higher microbial diversity than male goats, with a Shannon index of 2.03 in females and 1.33 in males, indicating a
more complex microbial community in females. The microbial community composition in male goats was dominated by species such as
Romboutsia timonensis and Clostridium sp., whereas female goats showed a more balanced microbial distribution, with the dominance of
genera such as Pradoshia, Eubacterium, and Lysinibacillus. Phylogenetic analysis showed that female goats have a more stable microbial
community, supporting more efficient fiber fermentation and Short-Chain Fatty Acid (SCFA) metabolism. Proximate test results showed
differences in feed nutrient content between the wet and dry seasons, with higher crude protein content in the wet season, potentially
affecting feed quality and microbiota. Overall, this study highlights the importance of considering sex in microbiota studies to optimize
feeding strategies and health management for Lakor goats. These findings suggest that sex-specific dietary interventions and probiotic

strategies could improve feed utilization, immune function, and productivity in Lakor goats.
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INTRODUCTION

The gut is often referred to as a "black box" because of
its diverse and complex microbial communities. The gut
microbiota itself is considered a distinct organ, comprising
trillions of microorganisms whose genetic material surpasses
that of the host’s cells by several hundredfold (Mao et al.
2015; Elolimy et al. 2018). These microbial genes play
crucial roles in influencing host nutrient absorption and
overall health through specialized metabolic processes. As
a result, the ruminal microbiota has a significant impact on
the host’s digestion and metabolic functions. The gut
microbiota of ruminants, particularly goats, plays a critical
role in various physiological functions, including nutrient
digestion, metabolism, and immune response (Liu et al.
2021). Goats, as part of the Caprinae subfamily, are known
for their ability to efficiently utilize fibrous plant material,
largely due to the presence of symbiotic microorganisms in
their gastrointestinal tract (Wang et al. 2017). These microbes
help break down complex carbohydrates into short-chain
fatty acids, which serve as a primary energy source for the
host (Jami and Mizrahi 2012; He et al. 2019). Consequently,
a better understanding of the composition and diversity of
the gut microbiota is essential for improving the health,

productivity, and nutritional efficiency of goats (Shabana et
al. 2020).

The microbiota composition can be influenced by a
range of factors, including diet, age, genetics, and
environmental conditions (Yuan et al. 2020; Elbir and
Alhumam 2022). Among these, sex has recently emerged
as an important factor affecting gut microbial diversity and
composition (Zhi et al. 2022; Cao et al. 2023). The sex of
an animal may influence the gut microbiota through
hormonal differences, which affect immune function,
metabolism, and feeding behavior (Haro et al. 2016).
However, while there is growing interest in sex-specific
differences in microbiota across various animals, limited
research has focused on these differences in ruminants,
such as Lakor goats, particularly those consuming a natural
diet of field grass. Understanding the microbial complex
and its interactions is a crucial aspect of ruminant nutrition
research. This knowledge serves as a foundation for exploring
the relationship between microbes and the digestive
efficiency, metabolism, and overall health of ruminant
animals.

The Lakor goat is a protected breed under the Ministry
of Agriculture Decree No. 2912/Kpts/OT.140/6/2011, and
its distribution is highly restricted to Lakor Island. According



1862

to Rumanta et al. (2020), this breed is believed to have
originated from a cross between the Etawah goat lineage
and the Kacang goat, with genetic dominance of the Etawah.
Kunda et al. (2020) noted that their body coloration
typically consists of solid hues mixed with black and white,
gray, brown, or black-and-white spots, while the head is
predominantly black. Lakor goats primarily feed on field
grass, making them a suitable model for studying the gut
microbiota under natural dietary conditions. Unlike
commercial goat breeds that often receive formulated feed,
Lakor goats provide a unique opportunity to investigate
how a natural, fibrous diet interacts with sex to shape the
gut microbiota, a subject that has not been studied before in
this breed. Given that diet is a primary driver of microbial
diversity in ruminants, this study also seeks to explore how
sex-specific factors interact with dietary habits to influence
gut health and function in Lakor goats.

Research on fecal microbiota in goats has largely
focused on more common breeds such as Boer, Peanut, or
Saanen, while no studies have been conducted on Lakor
goats. Studies exploring differences in microbiota composition
by sex are also limited, especially in the context of natural
grass-based diets. Using a metagenomic approach, this
study investigated the fecal microbiota of male and female
Lakor goats, focusing on how sex impacts microbial
composition and diversity. Specifically, it aimed to explore
the fecal microbiota diversity and composition of male and
female Lakor goats using a metagenomic approach.
Metagenomics allows for a comprehensive analysis of the
microbial community by sequencing the 16S rRNA gene
(Do et al. 2018; Dominguez et al. 2022). These findings
have potential implications for understanding the role of
the microbiota in Lakor goat health and could inform
strategies for optimizing nutrition and management based
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on sex. Future research should explore the functional
consequences of these microbial differences and their
impacts on Lakor goat performance and welfare.

MATERIALS AND METHODS

Study area, animal selection, and sample collection

This study did not require animal ethics commission
approval because it used noninvasive samples. The goat
samples used in this study were of the same age (+12
months). They kept together on the same farm, with access
to a diet of field grass in the pasture (Figure 1). This stage
maintains normal microbiota behaviors and matches
environmental factors that affect the microbiota. During the
sampling process, it was ensured that the goats were
healthy and did not receive any medication. Fecal samples
from 10 individual goats were collected during the rainy
season (July to August) from five farmers (two goats per
farm, one male and one female) and were collected
aseptically and immediately stored at -80°C until further
processing and analysis.

Procedures
DNA extraction and sequencing

The ZYMO RESEARCH Quick-DNA Microbe Miniprep
Commercial Kit (D6010; Zymo Research Corp., Irvine,
CA, USA) was used for genomic DNA extraction and
purification. The DNA concentration was measured using a
NanoDrop spectrophotometer (Thermo Scientific), with
approximately 1.8 pg of extracted DNA needed for 16S
rRNA gene amplification.
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Figure 1. Map of the sampling locations. Fecal samples were collected from Lakor goats at four locations in Lakor Island, Southwest

Maluku District, Maluku, Indonesia
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The 16S rRNA gene library (V3-V4 regions) was
created using universal Forward (5'-TCG TCG GCA GCG
TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN
GGC WGC AG-3') and Reverse (5'-GTC TCG TGG GCT
CGG AGA TGT GTA TAA GAG ACA GGA CTA CHV
GGG TAT CTA ATCC-3') primers (Kameoka et al. 2021).
The PCR protocol for NGS analysis involved pre-
denaturation at 95°C for 3 min, followed by 25 cycles of
denaturation (95°C, 30 s), annealing (55°C, 30 s), and
elongation (72°C, 30 s), and a final elongation step at 72°C
for 5 min. A 410-bp DNA fragment was observed using
1.5% (w/v) agarose gel electrophoresis, after which the
PCR product was purified with magnetic beads and
sequenced on an Illumina MiSeq platform 2 x 250 bp
(Genoscreen, France).

NGS-metagenomic library preparation and sequencing

The NGS procedure was performed using the Illumina
preparation for fecal and swab samples, metagenomic
protocol. A paired-end library with an approximate insert
size of 410 bp was constructed using primers targeting the
V3-V4 regions of 16S rRNA. The quality and quantity of
the metagenomic library were assessed using an Agilent
2200 TapeStation with the Genomic DNA ScreenTape
Assay (Agilent Technologies Inc., Santa Clara, CA, USA).
Libraries were pooled in equal ratios and sequenced over
600 cycles on the MiSeq platform (Macrogen, Seoul,
Korea) using v3 reagents (2 x 300 bp paired-end reads).
PhiX bacterial metabiome DNA (10%) was added as an
internal control. Paired-end reads were stored in FASTQ
format, which was automatically demultiplexed, with
Macrogen handling Nanopore adapter operations.

Proximate tests

Select field grasses from four grazing areas on Lakor
Island. Obtain several random sections of grass to obtain a
representative sample. Clean the samples of dirt or soil, cut
them into small pieces, and homogenize them. The grass
samples were dried at low temperatures (approximately
60°C-70°C) to avoid the loss of volatile nutrients. Fresh
grass samples, after being in the oven and made into flour,
will then be tested for proximate content. The proximate
test consisted of testing the water, ash, fat, protein,
carbohydrate, and crude fiber contents, with each repetition
performed twice (duplo) (Yellavila et al. 2015).

Data analysis

Raw sequence data were processed using QIIME2
(Bolyen et al. 2019) for quality filtering, taxonomic
classification, and diversity analysis. Alpha and beta
diversity metrics were calculated using the Shannon index
and Wilcoxon Tests to compare between two sex groups in
the study of fecal microbiota. Principal Coordinate Analysis
and Permutational Multivariate Analysis of Variance were
used to assess differences in the microbiota composition
according to sex.
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RESULTS AND DISCUSSION

Microbial diversity and composition

The results show that male and female goats have
diverse gut microbial communities. Male goats were
dominated by three consecutive families from high to low,
1.e., Peptostreptococcaceae, Aerococcaceae, and
Staphylococcaceae, while three microbial families dominated
female goats consecutively, i.e., Peptostreptococcaceae,
Carnobacteriaceae, and Bacillaceae (Figure 2.A). However,
significant differences were observed in the relative
abundance of certain bacterial taxa according to sex. The
results of this study showed that the abundance of bacterial
species in male goats successively from high to low
abundance was dominated by species i.e., Romboutsia
timonensis, Facklamia lactis, Paraclostridium tenue, and
Jeotgalicoccus psychrophilus. The abundance of bacterial
species in female goats from high to low abundance was
dominated by species i.e., Pradoshia eiseniae, Desemzia
incerta, Paraclostridium tenue, Lysinibacillus odysseyi,
Jeotgalicoccus psychrophilus, Lysinibacillus odysseyi, and
Romboutsia timonensis (Figure 2.B). Barcode 13 i.e., male
Lakor goats; barcode 14 i.e., female Lakor goats.

Alpha diversity analysis

The alpha diversity index was analyzed using the
Shannon Index approach, which combines two approaches,
richness (number of species) and evenness (evenness of
species distribution in the community), with the interpretation
of high values indicating an even number of species. The
results of the alpha diversity analysis showed that female
goats (barcode 14) had more complex and stable microbial
community diversity than male goats (barcode 13). The
alpha diversity value of barcode 13 was 1.33, while that of
barcode 14 had an alpha diversity index of 2.03 (Figure 3).
Statistical analysis shows that the Shannon index of fecal
microbiota diversity of Lakor goats was significantly
different between the sexes (W = 85, p = 0.021). The
median Shannon index for male goats was 3.8 (IQR: 3.2-
4.1), while for females it was 4.5 (IQR: 4.0-5.0), indicating
that female goats have higher microbiota diversity than
male goats.

The microbial community composition of Lakor goats
The proportion of microbial community in the
metagenomic analysis is the relative quantitative ratio of
different microbial groups (taxa) present in a sample. The
proportion was calculated based on the number of reads or
the frequency of genetic sequences identified at a particular
taxonomic level. Proportion visualization is performed
using a Krona chart, which displays proportions in the form
of hierarchical circles. The interpretation of the proportion
of microbial communities showed that in barcode 13
(Figure 4.A), the microbial community is dominated
highest by class Clostridia and lowest by class Bacilli. The
remaining 18% were other Bacilliota, while in barcode 14
(Figure 4.B), the proportion of microbial communities is
dominated by class Bacilli and lowest by class Clostridia.
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Barplot of the most abundant taxa at the family rank of sach barcode. Any remaining taxa have been collapsed under the ‘Other’ category to faciltate the visualization.
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Figure 2. A. The abundance of dominant families in the fecal microbiota of the Lakor goat breed; B. The abundance of dominant

species in the fecal microbiota of the Lakor goat breed
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Figure 3. The alpha diversity index of Lakor goats

Phylogenetic species-level composition

Phylogenetic analysis at the species level in the
metagenomic study of Lakor goats was conducted by
comparing specific 16S rRNA gene sequences to identify
microorganisms at the species level. The results were
organized in the form of a phylogenetic tree that showed
that, based on taxonomic richness (species richness), the
microbial species in male goats (barcode 13) were more
diverse than those in female goats (barcode 14). However,
genetic diversity results show that female goats (barcode
14) are more dominant, compared to male goats (barcode 13)
(Figure 5). Phylogenetic analysis also allows comparative
studies between individuals and between sexes in goat
populations or under environmental conditions to understand
microbial adaptation to specific habitats better. Based on
phylogenetic analysis, barcode 13 has a species cluster with
longer branches, compared to barcode 14, which shows a
higher level of genetic diversity. Genetic homogeneity data
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showed that barcode 14 was categorized as a species
cluster with shorter branches, indicating higher genetic
homogeneity than barcode 13.

Forage nutrient concentrations (proximate test)

The results of the proximate analysis of the nutrient
content of forage on pastures on Lakor Island indicate that
forage production and the capacity of natural pastures
fluctuate according to the season. Based on statistical
analysis shows that the highest production and highest
forage nutrient quality occurred during the rainy season and
were lowest at the end of the dry season (Table 1).

Discussion

This study confirmed that sex influences the
composition of the gut microbiota in mammals, including
goats. The results showed that the gut microbial community in
male and female Lakor goat breeds was diverse at the
family and species levels. Male Lakor goats had distinct gut
microbial communities dominated by Peptostreptococcaceae,
Aerococcaceae, and Staphylococcaceae. Peptostreptococcaceae
plays a key role in protein fermentation and short-chain
fatty acid production, supporting gut function and
metabolism, especially in the rumen and jejunum of goats
(Guerra et al. 2022; Zeng et al. 2024). Aerococcaceae aids
in fermenting complex carbohydrates, enhancing nutrient
absorption in ruminants, whereas Staphylococcaceae,
although known for pathogens, includes nonpathogenic
strains that promote gut health, immune function, and
nutrient breakdown (Mao et al. 2015; Xu et al. 2021).
These results are consistent with previous studies, which
have indicated that hormonal differences between males
and females can influence microbial communities (Org et
al. 2016). Testosterone, for instance, has been associated
with the promotion of the growth of certain bacterial
groups that enhance fiber digestion, which may explain the
higher abundance of these bacteria in males.

m
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The observed differences in microbial composition
between male and female goats could also be attributed to
variations in metabolic requirements and feeding behavior.
Male goats generally have higher energy demands owing to
greater body mass and muscle development, which may
result in differences in dietary intake and digestion
processes. These factors may contribute to the selection of
specific microbial communities that efficiently extract
energy from fibrous plant material. In contrast, female
goats, especially those in the reproductive phase, may have
distinct metabolic priorities that favor the growth of
different bacterial taxa, such as Bacteroides, which are
involved in breaking down complex carbohydrates into
easily absorbable nutrients (Cao et al. 2023).

In this study, the results of the alpha diversity analysis
revealed significant differences between the microbial
communities of female (barcode 14) and male (barcode 13)
goats. The diversity index in female goats was 2.03, whereas
that in male goats was only 1.33. The higher Shannon
index value in female goats indicates a more complex and
balanced microbial community with a more even
distribution of species. In contrast, lower values in male
goats indicate simpler microbial communities with possible
dominance by a few specific species.

Table 1. Nutrient compositions of natural pasture forage during
the rainy and dry seasons in Lakor Island

Feed o, _Nutrient composition (100% DI)
ingredients S¢25°" DL —0CCocF  DF EWN
Field grass Rainy 46.46 11.71 894 4.80 2543 49.12

Dry  35.57 11.27 6.36 4.20 30.50 47.67

Note: DI: Dry Ingredients; CP: Crude Protein; CF: Crude Fat;
AC: Ash Content; DF: Dietary Fiber; EWN: Extracts Without
Nitrogen

Figure 4. Microbial community proportions of Lakor goats: A. Barcode 13; B. Barcode 14
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Figure 5. Phylogenetic species-level composition of Lakor goats

The results of this study indicate that the sample size
used still considers statistical power to ensure that the
differences observed are not just the result of chance. These
results are in line with the research findings of Lozupone et
al. (2012), who recommended that >10 samples per group
are often sufficient for microbiota exploratory studies with
alpha and beta diversity analysis. Various biological
factors, such as differences in body physiology between
male and female goats, sex hormones, and microbial
environmental conditions in the digestive tract, may cause
these differences in diversity indices. Previous studies have
shown that sex differences can affect microbiota profiles,
mainly due to variations in diet, metabolism, and hormones
(Cao et al. 2023; Khairunisa et al. 2023). The hormone
estrogen in female animals favors higher microbial diversity,
whereas in males, androgen levels may direct the dominance
of certain species (Santos-Marcos et al. 2023). These
findings suggest that even minor differences in microbial
populations could have significant functional implications
for nutrient utilization and overall health.

Phylogenetic analysis revealed significant differences in
microbial diversity between barcodes 13 and 14. Barcode
13 exhibited a dominance of certain species, such as
Romboutsia timonensis and Clostridium sp., indicating a
microbial community with low diversity and an
overrepresentation of dominant species within the ecosystem.
In contrast, barcode 14 displayed a more even and complex
microbial distribution, with the involvement of genera such
as Pradoshia, Eubacterium, and Lysinibacillus, which are

Facklamia lactis

recognized for their roles in fiber fermentation and Short-
Chain Fatty Acid (SCFA) metabolism. The Pradoshia genus
is closely associated with various metabolic functions in
the rumen microbiome (Anderson and Fernando 2021);
Eubacterium plays an important role in rumen fermentation,
breaking down complex carbohydrates into SCFAs that
support ruminant energy metabolism (Gharechahi et al.
2021); and the genus Lysinibacillus plays an important role
in digesting fiber, improving ruminant nutritional efficiency,
and supporting feed efficiency and animal health (Do et al.
2018). Higher microbial diversity at barcode 14 reflects
greater microbial community stability, allowing the
microbial ecosystem to support a wider range of metabolic
functions, such as fiber digestion and protection against
pathogens (Huang et al. 2024). The low microbial diversity
at barcode 13 may be attributed to physiological and
hormonal influences in male goats, which often limit the
colonization of certain microbes (Org et al. 2016). The
dominant presence of species such as Romboutsia
timonensis at barcode 13 suggests a specific role for these
microbes in protein metabolism, which may be related to
the metabolic requirements of males. This analysis confirms
the importance of diverse microbial communities in
promoting farm animal health and productivity.

One possible explanation for the differences in
microbiota composition between the sexes is hormonal
regulation. Hormones such as estrogen and testosterone
have been shown to directly and indirectly influence the
gut microbiota by modulating immune responses, altering
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gut permeability, and affecting microbial metabolism (Haro
et al. 2016). For example, estrogen has been associated
with a more diverse and balanced microbial community. In
comparison, testosterone can promote the growth of
specific bacterial groups that enhance energy extraction
from the diet (Org et al. 2016). These hormonal effects may
explain why the male and female goats in this study
exhibited distinct microbial profiles, despite being fed the
same basic diet. Several studies detail that estrogen is
known to increase microbiota diversity by stimulating the
growth of beneficial bacteria, such as Lactobacillus and
Bifidobacterium, which have roles in gut health and energy
metabolism (Qi et al. 2021). Conversely, testosterone tends
to reduce microbial diversity by increasing the prevalence
of potential pathogenic bacteria, such as Bacteroides and
Clostridium, which may contribute to gut inflammation
(Ma et al. 2024). The effects of these hormones are mediated
through androgen and estrogen receptors expressed in gut
tissues, which influence mucus production and the
regulation of mucosal immune responses (Gomez et al.
2015). In addition, these hormones can also modify Short-
Chain Fatty Acid (SCFA) production, which plays a role in
energy balance and gastrointestinal health in ruminants
(Shin et al. 2015). Thus, sex hormone balance may be a key
factor in regulating gut microbiota homeostasis and
metabolic health in ruminants.

Moreover, the dominance of Bacillota (synonym
Firmicutes) in male and female goats aligns with previous
studies on ruminants, where these phyla play crucial roles
in fiber digestion and SCFA production (Wassan et al.
2023). SCFAs, such as acetate, propionate, and butyrate, are
the primary energy sources for ruminants and contribute
significantly to their overall energy balance. The observed
differences in microbial taxa between sexes could influence
SCFA production, potentially leading to differences in
energy metabolism and fat deposition. Future research
should include SCFA quantification to understand better
the functional impact of the microbial differences observed
in this study.

Based on the results of the proximate analysis (Table
1), the composition of forage in the Lakor Island pasture
exhibited significant variation between the rainy and dry
seasons. During the rainy season, the Dry Ingredient (DI)
content was 46.46%, compared with 35.57% in the dry
season, indicating lower forage moisture due to abundant
water availability (Pereira et al. 2021; Nuilez et al. 2022).
The Crude Protein (CP) content was also higher in the
rainy season (8.94%) than in the dry season (6.36%),
reflecting better forage quality during the rainy season due
to optimal forage growth (Widodo et al. 2023; Cooke et al.
2024). In contrast, Extracts Without Nitrogen (EWN) and
Dietary Fiber (DF) contents were higher in the dry season,
indicating that structural carbohydrates accumulate as an
adaptation to environmental stress (Dias e Silva and Filho
2021). Small fluctuations were observed in Ash Content
(AC) (11.71% rainy season, 11.27% dry season) and Crude
Fat (CF) content (4.80% rainy season, 4.20% dry season),
reflecting the stability of the forage mineral and lipid
content (Capstaff and Miller et al. 2018). Overall, forage in
the wet season had better nutrient quality, supporting the
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nutritional needs of livestock more optimally. In contrast,
declining forage quality in the dry season highlights the
importance of supplementary feeding strategies to maintain
livestock productivity on Lakor Island (Pereira et al. 2021;
Cooke et al. 2024). The vegetation structure that dominates
natural pastures on Lakor Island is similar to Moa Island
and is almost the same in every village. The dominant
forage species are Ischaemum indicum, Themeda arguens,
and Hyparrhenia rufa (jaragua). Other grass species found
were Paspalum conjugatum, Imperata spp., Eragrotis
amabilis, Panicum repens, and Setaria anceps. Tatipikalawan
(2022) found that the comparison of the botanical
composition of natural pastures in 3 villages on Moa Island,
Southwest Maluku Regency, was dominated by grasses
93.16%, legumes 0.87%, while the remaining 5.07% were
weeds.

The potential effects of sex-specific behavioral patterns
on microbiota composition are also worth considering.
Previous research has suggested that males and females
may differ in their grazing patterns, food selection, and
rumination behavior (Dominguez-Pino et al. 2024). These
behavioral differences could alter the exposure of the gut
microbiota to different types of plant matter, thereby
influencing microbial selection and community composition.
Several studies on ruminants have demonstrated sex-based
differences in microbiota composition. For instance, Tardiolo
et al. (2025) found that male and female sheep harbored
distinct microbial communities, with males exhibiting a
higher abundance of fiber-digesting bacteria such as
Ruminococcus and Fibrobacter, likely due to differences in
feeding strategies. Similarly, Guo et al. (2022) explore the
sex differences in the structure and function of rumen
microbiota in Tibetan goats. Analysis of rumen microbiota
structure showed significant differences based on sex, with
females having higher microbiota diversity than males
(P>0.05). At the phylum level, Firmicutes and Bacteroidetes
were the dominant phyla in the rumen of Tibetan goats, but
the proportion of Firmicutes was significantly higher in
females than in males (P<0.05). These findings confirm
that sex factors can affect rumen microbiota composition,
VFAs metabolism, and nutrient transport gene expression,
which have implications for sex-based nutritional strategies
in ruminant management.

Although it provides valuable insights into the
composition of the fecal microbiota of Lakor goats, this
study has some limitations, i.e., the relatively small sample
size, which may limit the generalizability of the findings to
a wider population of Lakor goats. This study only focused
on fecal microbiota, which may not fully represent the
entire gut microbial community, especially in the rumen,
where fermentation mainly occurs, so that the functional
profile of the microbial community has not been
comprehensively studied. In addition, environmental factors
such as seasonal variations in temperature, humidity, and
forage availability may have influenced the microbiota
composition but were not extensively controlled. Lastly,
although there were sex-related differences, this study did
not assess the potential impact of other physiological
factors such as age, reproductive status, or stress levels on
the gut microbiota. Future research with larger sample sizes,
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rumen microbiota analysis, and functional metagenomic
approaches is needed to provide a more comprehensive
understanding of the microbiota dynamics in Lakor goats.

Overall, the findings of this study highlight the complex
interplay between sex, diet, and gut microbiota composition
in Lakor goats. Although the goats were fed the same basic
diet of field grass, their microbiota profiles diverged based
on sex, underscoring the importance of considering sex in
microbiome studies. Understanding how sex influences
microbial communities in livestock is critical for developing
targeted nutritional and management strategies that optimize
health and productivity (Kaur et al. 2023). For instance,
tailoring feeding regimens or probiotic supplementation
based on sex-specific microbiota profiles could enhance
nutrient absorption and improve the overall goat well-
being. From a practical perspective, these insights could
guide precision livestock farming approaches, such as
adjusting dietary formulations to support optimal rumen
fermentation efficiency in males and females separately.
Additionally, selective use of feed additives or prebiotics to
modulate microbial composition may help improve feed
conversion ratios, reduce methane emissions, and enhance
disease resistance, ultimately leading to more sustainable
and efficient goat production systems.
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