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ABSTRACT

Importance: Understanding the microbial diversity within the gastrointestinal tract of wild
Korean water deer (KWD; Hydropotes inermis argyropus) is essential for gaining insights into
their health and ecological interactions.

Objective: This study aims to isolate and identify aerobic and anaerobic bacterial species in
the feces of wild KWD.

Methods: Fecal samples were collected from 55 wild KWD of varying age and sex.

Aerobic bacteria were cultured at 37°C for 24—48 h under standard conditions, whereas
anaerobic bacteria were cultured at 37°C for 48-72 h in an anaerobic environment. Bacterial
identification was conducted using DNA extraction and polymerase chain reaction
amplification targeting the 16S rRNA gene.

Results: The predominant aerobic bacteria identified belonged to the Firmicutes (58.18%)
and Proteobacteria (41.82%) phyla, with Escherichia coli (31.82%) and Bacillus cereus (31.82%)
being the most common species. Among anaerobic bacteria, most belonged to the
Firmicutes (71.03%), Proteobacteria (27.10%), and Fusobacteriota (1.87%) phyla, with
Paraclostridium bifermentans (28.97%) and E. coli (22.43%) being the most prevalent species.
Other frequently identified anaerobic species were Fusobacterium varium, Lactococcus garvieae,
Terrisporobacter glycolicus, Enterococcus faecalis, and Clostridium sporogenes.

Conclusions and Relevance: Our findings indicate a diverse microbial community in the
feces of water deer, offering valuable insights into their gut microbiota and its potential
implications for health and ecology.

Keywords: Hydropotes inermis argyropus; fecal microbiota; aerobic bacteria; anaerobic bacteria;
16S rRNA gene
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INTRODUCTION

The Korean water deer (KWD) (Hydropotes inermis argyropus) is a significant and intriguing
species within the Cervidae family [1]. Native to the Korean peninsula and parts of China, this
herbivorous mammal thrives in marshy environments as wetland vegetation ensures food
supply [2]. Despite its importance in the ecosystem, limited knowledge exists about the

gut microbiota of KWD. These microorganisms are associated with deer health, nutrition,
and habitat adaptations. The gastrointestinal tract of herbivorous mammals is a complex
ecosystem with diverse microbial communities essential for digestion, metabolism, and
immune function [3]. The fecal microbiota, which comprises numerous microorganisms,
plays a crucial role in nutrient processing, maintaining host health, and defending against
pathogens [4]. Understanding the composition and dynamics of the gut microbiome in KWD
is crucial for comprehending their dietary adaptations, health status, and potential ecological
impact [5]. Aerobic and anaerobic bacteria are essential microbial components, each serving
different metabolic and protective functions. Aerobic bacteria rely on oxygen for survival,
oxidize complex carbohydrates and proteins, produce vital vitamins, and offer protection
against harmful microbes. Anaerobic bacteria thrive in oxygen-free environments, playing

a pivotal role in fermenting plant materials, generating short-chain fatty acids (SCFAs),

and maintaining gut health [6]. These bacteria assist in breaking down complex plant
polysaccharides into absorbable nutrients, enabling herbivores to adapt to their specialized
diets [7]. The gut microbiota influences host physiology and immune response, highlighting
its broader ecological significance [4]. While the gut microbiota of various deer species,
specifically European and North American species, such as red deer (Cervus elaphus) and white-
tailed deer (Odocoileus virginianus), have been extensively studied [8,9], a notable gap exists in
the literature concerning the gut microbial communities of Asian deer species, particularly
the KWD. This lack of information limits our understanding of their gut health, dietary
adaptations, and potential responses to environmental changes. Investigating the bacterial
diversity in KWD feces provides insights into their specific digestive physiology, possible
symbiotic relationships with particular bacterial taxa, and the ecological importance of their
microbial inhabitants [10]. Furthermore, determining KWD fecal microbiota composition
could aid public health and wildlife conservation efforts by providing insights into zoonotic
risks and the spread of pathogens among domestic animals, wildlife, and humans [11].

This study aimed to isolate and identify aerobic and anaerobic bacterial species in the feces
of wild KWD. This study represents the first comprehensive analysis of aerobic and anaerobic
bacterial communities in the feces of wild KWD, establishing a foundational dataset for
future research on wildlife microbiology and conservation.

METHODS

Ethics approval

The Institutional Animal Care and Use Committee at Chungbuk National University (CBNU)
in the Republic of Korea approved this research (approved number: CBNUA-24-0024-01).
All experimental procedures involving animals were conducted in strict accordance with
applicable guidelines and regulations.
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https://orcid.org/0009-0004-5426-0251
https://orcid.org/0000-0001-7423-3884
https://orcid.org/0009-0008-1965-0835
https://orcid.org/0000-0003-3180-3706
https://orcid.org/0009-0000-0437-1376
https://orcid.org/0000-0003-3960-551X
https://orcid.org/0000-0001-7604-5721
https://orcid.org/0000-0001-6076-3147

C

Journal of
Bacterial isolation from wild Korean water deer feces Veterinary Science )

https://vetsci.org

Sample collection

Fifty-five fecal samples, with an average weight of 10 g, were aseptically collected from the
rectum of wild KWD at the Wildlife Center of Chungbuk, South Korea, between June and
October 2023, based on availability and ethical considerations. The samples were obtained
from male and female deer of varying ages. All animals were rescued and showed no signs
of infectious diseases. The samples were carefully collected in sterile containers to avoid
contamination and promptly transferred on ice to the Laboratory of Veterinary Laboratory
Medicine at CBNU, South Korea. Upon arrival, the samples were immediately prepared for
bacterial culturing.

Bacterial culture

Each sample was inoculated into Mueller-Hinton broth (Oxoid, United Kingdom) to analyze
aerobic and anaerobic bacteria in the fecal samples. The broth containing aerobic bacteria
was incubated at 37°C for 24 h in an aerobic environment to promote the growth of oxygen-
dependent bacterial species. The broth for anaerobic bacteria was incubated at 37°C for 48-72
h in an anaerobic environment (oxygen-free environment) using an anaerobic jar equipped
with a BD GasPak system (Becton, Dickinson and Company, USA) to increase the growth

of bacteria that thrive without oxygen. After initial incubation, the samples were streaked
onto sheep blood agar plates (KisanBio, Korea) via sterile inoculating loops to further

isolate and cultivate bacterial colonies. The aerobic plates were incubated at 37°C for 24—48

h under aerobic conditions, while the anaerobic plates were incubated at 37°C for 4872 h
under anaerobic conditions. After the respective incubation periods, colonies with unique
morphologies were selected from the aerobic and anaerobic plates and then subcultured onto
fresh sheep blood agar plates using the same techniques to purify the cultures, ensuring each
plate cultivated a single type of bacteria. The resulting pure colonies were prepared for DNA
extraction.

DNA extraction and polymerase chain reaction (PCR) amplification

The genomic DNA was extracted from pure cultured isolates using a MagPurix Pathogen/
Viral NAs B kit and the MagPurix 12s automated nucleic acid purification system (Zinexts Life
Science, Taiwan), following the manufacturer’s instructions and protocol. The extracted DNA
was stored at ~80°C until PCR analysis.

For PCR analysis, the 16S rRNA gene from the isolated DNA was amplified using bacterial
universal primers 27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R (5'-GG TTA CCT
TGT TAC GAC TT-3'). A total volume of 50 pL used for the PCR consisted of 25 pL of 2x
PCRBIO Ultra Mix Red (PCR Biosystems, UK), 2 pL of each forward and reverse primer (10
uM), 16 pL of distilled water, and 5 pL of template DNA. The PCR amplification conditions
were as follows: 95°C for 5 min, followed by 30 cycles of 94°C for 30 sec, 58°C for 30 sec, and
72°C for 40 sec. A final extension step was performed at 72°C for 10 min. The PCR products
were then separated on a 1.5% agarose gel and visualized under UV light after staining with
EcoDye (BIOFACT, Korea).

Sequencing

The nucleotide sequences of the PCR products were analyzed using SolGent (Korea).
Subsequently, bioinformatics tools and databases, such as Basic Local Alignment Search
Tool, were used to compare and identify bacterial species by assessing the sequence
similarities with known reference sequences available in public databases.
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Bacterial isolation from wild Korean water deer feces

Journal of (
Veterinary Science )

41.82%

B Firmicutes
B Proteobacteria

80 -
B Gram-positive

B Gram-negative

Percentage (%)
o (o))
o o
1 1

N
o
1

04

Aerobic Anaerobic

Fig. 1. Percentages of gram-negative and gram-positive bacteria isolated from the feces of wild Korean water deer
(Hydropotes inermis argyropus).

RESULTS

The study used 217 bacterial isolates obtained from the feces of wild KWD. These isolates
included 110 aerobic bacterial isolates from 14 species and 107 anaerobic bacterial isolates
belonging to 10 species. Of the aerobic isolates, 58.18% were gram-positive bacteria, and
41.81% were gram-negative bacteria. The anaerobic isolates were 71.03% gram-positive
bacteria and 28.97% gram-negative bacteria (Fig. 1).

The aerobic isolates were predominantly from the phylum Firmicutes (58.18%), with
Proteobacteria accounting for the remaining 41.82% (Fig. 2A). Within Firmicutes, the
Bacillaceae family was the most prevalent, constituting 44.55% of the aerobic isolates (Fig. 2B).
Bacillus cereus was the most commonly isolated species in the Bacillaceae family, representing
31.82% of all aerobic isolates. Other notable species in this family included Bacillus anthracis
(0.91%), Lysinibacillus fusiformis (4.55%), Lysinibacillus macroides (6.36%), and Bacillus safensis
(0.91%) (Fig. 2C). The presence of B. anthracis is particularly noteworthy due to its potential
as a zoonotic pathogen. The Staphylococcaceae family accounted for 4.55% of the aerobic
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Fig. 2. Percentages of aerobic bacteria at the (A) phylum, (B) family, and (C) species level from the feces of wild Korean water deer (Hydropotes inermis argyropus).
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isolates, with Staphylococcus warneri and Mammaliicoccus sciuri at 2.73% and 1.82%, respectively.
Enterococcus faecalis, the sole representative of the Enterococcaceae family, constituted 7.27% of
the total aerobic isolates. Kurthia gibsonii from the Planococcaceae family accounted for 1.82%
of all the isolates. The Enterobacteriaceae family was the most prevalent within the phylum
Proteobacteria, constituting 32.73% of the aerobic isolates. Escherichia coliwas the dominant
species within this family, representing 31.82% of the aerobic isolates, while Proteus mirabilis
accounted for 0.91%. Pseudomonas aeruginosa, a member of the Pseudomonadaceae family,
comprised 5.45% of the isolates. The Comamonadaceae family was represented by a single
isolate of Comamonas kerstersii (0.91%), and the Moraxellaceae family was represented by
Acinetobacter beijerinckii (2.73%).

Under anaerobic conditions, most isolates belonged to the phylum Firmicutes (71.03%),
followed by Proteobacteria (27.10%) and Fusobacteriota (1.87%) (Fig. 3A). Within Firmicutes,

the Clostridiaceae family was the most common, accounting for 41.12% of the anaerobic
isolates (Fig. 3B). Paraclostridium bifermentans, the most frequently isolated species within this
family, constituted 28.97% of the total anaerobic isolates. Other species included Clostridium
symbiosum (2.80%), Clostridium botulinum (2.80%), and Clostridium sporogenes (6.54%) (Fig. 3C).
The Enterococcaceae family, represented solely by E. faecalis, comprised 19.63% of the anaerobic
isolates. Another notable family within Firmicutes was Peptostreptococcaceae, with Terrisporobacter
glycolicus accounting for 7.48% of the isolates. The Streptococcaceae family included Lactococcus
garvieae, which comprised 2.80% of the anaerobic isolates. Within the phylum Proteobacteria,
the Enterobacteriaceae family was the most prevalent, with E. coli as the dominant species,
accounting for 22.43% of the anaerobic isolates, while P. mirabilis accounted for 4.67%.

The phylum Fusobacteriota consisted of the family Fusobacteriaceae, comprising 1.87% of the
anaerobic isolates, with Fusobacterium varium being the identified species.

The identities of the isolated strains were confirmed by sequencing and comparison with
the National Center for Biotechnology Information database. Each strain showed high
query coverage and similarity, typically ranging from 99% to 100%, ensuring accurate
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Fig. 3. Percentages of anaerobic bacteria at the (A) phylum, (B) family, and (C) species level from the feces of wild Korean water deer (Hydropotes inermis argyropus).
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Table 1. Identification of aerobic bacterial isolates by nucleotide BLAST search of NCBI database using 16S rRNA gene sequences from feces of wild Korean water
deer (Hydropotes inermis argyropus)

Serial Isolate No. Identified species Length of sequences  Query Identity  GenBank accession No. of GenBank accession No. of
No. (strain designation) (bp) coverage match corresponding sequence studied strains
1 CBNU_2B1 Lysinibacillus macroides 1,362 100% 99.93% MT197307 PP600166

2 CBNU_54B1 Lysinibacillus fusiformis 1,394 100% 100% MN543848 PP600167

3 CBNU_18B1 Bacillus cereus 1,388 100% 100% MT545090 PP594158

4 CBNU_41B2 Bacillus anthracis 1,384 100% 99.93% CP054816 PP594159

5 CBNU_50B1 Bacillus safensis 1,393 100% 100% MT533923 PP660955

6 CBNU_55B1 Staphylococcus warneri 1,406 100% 100% MT642942 PP600205

7 CBNU_9B1 Mammaliicoccus sciuri 1,389 100% 100% MT550814 PP600220

8 CBNU_16B2 Enterococcus faecalis 1,401 100% 100% MT611694 PP600130

9 CBNU_45B1 Kurthia gibsonii 1,386 100% 99.93% MN960342 PP598129
10 CBNU_5B1 Comamonas kerstersii 1,372 100% 100% PP600214 PP600214
11 CBNU_7B Proteus mirabilis 1,382 100% 100% PP600216 PP600216
12 CBNU_23B2 Escherichia coli 1,343 100% 100% MN557058 PP597403
13 CBNU_8B2 Pseudomonas aeruginosa 1,378 100% 99.93% MT646431 PP600217
14 CBNU_37B2 Acinetobacter beijerinckii 1,362 100% 100% JN644620 PP598609

BLAST, Basic Local Alignment Search Tool; NCBI, National Center for Biotechnology Information.

Table 2. Identification of anaerobic bacterial isolates by nucleotide BLAST search of NCBI database using 16S rRNA gene sequences from feces of wild Korean
water deer (Hydropotes inermis argyropus)

Serial Isolate No. Identified species Length of sequences  Query Identity ~ GenBank accession No. of GenBank accession No. of
No. (strain designation) (bp) coverage match corresponding sequence studied strains
1 CBNU_INB1 Paraclostridium 1,348 100% 99.78% MN758863 PP600132
bifermentans

2 CBNU_12NB1 Clostridium symbiosum 1,365 100% 99.85% LC515566 PP660969

3 CBNU_30NB1 Clostridium botulinum 1,348 100% 100% MF040752 PP661238

4 CBNU_11NB1 Clostridium sporogenes 1,358 100% 100% MT356160 PP600302

5 CBNU_10NB1 lactococcus garvieae 1,413 100% 99.65% MF354518 PP594165

6 CBNU_21NB1 Enterococcus faecalis 1,399 100% 100% MT611694 PP600303

7 CBNU_40NB1 Terrisporobacter glycolicus 1,345 100% 100% 0Q147126 PP775802

8 CBNU_23NB3 Escherichia coli 1,381 100% 100% CP146681 PP600137

9 CBNU_35NB1 Proteus mirabilis 1,327 99% 99.92% MW217053 PP600133
10 CBNU_55NB2 Fusobacterium varium 1,346 100% 100% LR134390 PP600301

BLAST, Basic Local Alignment Search Tool; NCBI, National Center for Biotechnology Information.

https://vetsci.org

identification. The obtained sequences were submitted to the GenBank database and can be
accessed under the accession numbers listed in Tables 1and 2.

DISCUSSION

This study provides a comprehensive understanding of the fecal microbiota composition of
wild KWD. The bacterial community encompasses a wide variety of aerobic and anaerobic
bacteria. The coexistence of beneficial and potentially harmful bacterial species highlights
the complex microbial ecosystem within the digestive system of these herbivorous animals.

The analysis of aerobic bacterial diversity in the feces of wild KWD provides valuable insights
into the gut microbiota. This investigation identified aerobic bacterial isolates, mostly
belonging to the phyla Firmicutes and Proteobacteria (Fig. 2A). Previous studies conducted
in Europe [12] and Asia [13] extensively documented these phyla in studies involving the
gastrointestinal microbiota of deer species. Firmicutes play a vital role in the digestion and
absorption of nutrients in herbivores, such as the KWD, by breaking down intricate plant

polysaccharides into fermentable sugars [14,15].

https://doi.org/10.4142/jvs.24236
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The Bacillaceae family is the most abundant within the phylum Firmicutes, with B. cereus as
the primary species within this family (Fig. 2B and C). B. cereus is known for its wide range
of functions, including the cycling of nutrients and the decomposition of organic materials
in the environment [16,17]. Although B. cereus is commonly linked to foodborne illnesses,

it can aid organic matter decomposition and enhance nutrient absorption in the deer gut.
These results align with findings from earlier studies, which have shown that Bacillus species
help maintain overall health and gut function by assisting in the breakdown of complex
compounds [18,19]. L. macroides and L. fusiformis are notable species in the Bacillaceae family
recognized for their capacity to break down intricate organic compounds [20]. The analysis
identified B. anthracis in small amounts, indicating its minimal pathogenic effect under
typical circumstances. B. safensis, a member of the Bacillaceae family, is known to withstand
environmental stressors, suggesting varying environmental exposure in deer [21,22].

The Staphylococcaceae family, although less common, includes species such as S. warneriand M.
sciuri. Although these species are typically harmless bacteria found on the skin and mucosal
surfaces, they can sometimes lead to infections. Their detection in fecal samples indicates
their temporary acquisition from environmental sources or through interaction with other
animals. Previous studies have demonstrated Staphylococci in various environmental
samples, suggesting that their presence in deer feces could be due to environmental exposure
[2,23,24]. The family Enterococcaceae, represented by only E. faecalis, has a well-documented
function in maintaining gut health. It helps balance the intestinal microbiota and inhibits
the growth of harmful bacteria through competition and the production of bacteriocins. This
observation is consistent with findings in domestic and wild herbivores, where Enterococcus
species are crucial to gut health [25]. Although identified in only two strains, K. gibsonii from
the family Planococcaceae demonstrated microbial diversity and the potential presence of less-
studied bacterial groups in the deer gut.

The phylum Proteobacteria accounted for 41.82% of all aerobic isolates, with the family
Enterobacteriaceae being ubiquitous. E. coli, the predominant species in this family, is
commonly found in the digestive system of various mammals and plays a vital role in
producing vitamin K and preventing the growth of harmful bacteria. Nevertheless, the
widespread occurrence of this phenomenon also increases the likelihood of pathogenic
strains that could have detrimental effects on the well-being of the deer population and
their surroundings [26]. P. mirabilis, a less common member of the Enterobacteriaceae family, is
recognized for its involvement in urinary tract infections across different hosts. Its presence
in feces increases the possibility of temporary colonization or environmental contamination
[27]. As a metabolically adaptable bacterium, P. aeruginosa belongs to the family
Pseudomonadaceae and may thrive in various settings, such as soil, water, and host tissues. Its
discovery in fecal samples suggests that deer interact with many habitats and are exposed

to the environment [28]. As a member of the Moraxellaceae tamily, A. beijerinckii is renowned
for its resistance to environmental stressors and ability to decompose organic matter. Their
presence in fecal samples highlights deer contact with soil and plant material, enhancing
gut microbiome diversity [29]. The aerobic bacterial population has become more complex
following the identification of C. kerstersii, a single strain of the family Comamonadaceae. This
bacterium is commonly observed in water and soil environments, indicating that deer may
encounter aquatic ecosystems [30].

Overall, the fecal aerobic bacterial diversity in wild KWD was primarily due to Firmicutes and
Proteobacteria, which indicated herbivorous dietary habits and environmental interaction.

https://doi.org/10.4142/jvs.24236 7/M
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The presence of beneficial and potentially harmful bacteria emphasizes the complex nature
of deer gut microbiota and its vital role in their overall health and ecology.

The feces of wild KWD contain an anaerobic bacterial community that plays a vital role in
their digestion and overall health. Our study aimed to isolate anaerobic bacterial species,
predominantly from the phylum Firmicutes (Fig. 3A). Previous studies have shown that
Firmicutes play crucial roles in the digestion of plant materials and SCFA production needed
for energy metabolism and gut health in herbivorous mammals [31].

The family Clostridiaceae was highly prevalent within the phylum Firmicutes (Fig. 3B). Among
the anaerobic bacterial isolates, P. bifermentans, the most abundant species (Fig. 3C),

is recognized for its ability to ferment various carbohydrates and proteins, resulting in the
production of SCFAs such as butyrate, acetate, and propionate. These metabolites help
preserve a healthy gut lining and serve as a host energy source [32]. Research on other
herbivores, such as cows and horses, has also emphasized the prevalence of Clostridiaceae and
their importance in fermentative digestion [33]. Additional notable species in Clostridiaceae are
C. sporogenes, C. symbiosum, and C. botulinum. C. sporogenes produces butyrate, a SCFA with anti-
inflammatory properties, and supports gut health. C. symbiosum and C. botulinum are known
for their unique metabolic capabilities, although they are less common than other bacteria.

C. botulinum is specifically recognized for its neurotoxicity, raising concerns over its potential
as a pathogen, even in small amounts. These findings align with previous research on wildlife
species, indicating that Clostridium can positively and negatively affect gut interactions [34,35].

E. faecalis, a member of the Enterococcaceae family, is a versatile facultative anaerobe capable of
thriving in aerobic and anaerobic environments. This adaptability is crucial to regulating gut
homeostasis. Furthermore, E. faecalis contributes to gut microbiota balance and possesses
probiotic properties, including the production of bacteriocins, which inhibit the growth of
harmful bacteria. Research on domestic animals and humans has consistently demonstrated
the beneficial effects of Enterococcus species in the gut [25].

T. glycolicus, accounting for 7.48% of the anaerobic isolates, represents the Peptostreptococcaceae
family, another significant group within Firmicutes. T. glycolicus is known for its fermentative
metabolism, which aids the breakdown of complex polysaccharides and assists digestion in
herbivores. The presence of this bacterium highlights the specialized fermentation activities
occurring in the anaerobic environment of the herbivorous gut [36].

The presence of L. garvieae from the Streptococcaceae family highlights the wide range of lactic
acid bacteria in the deer gut. L. garvieae is commonly linked with dairy products but is also
found in the gastrointestinal tract, aiding lactic acid fermentation and gut health. Other
animal studies have demonstrated the importance of lactic acid bacteria, such as Lactococcus
species, in maintaining a healthy gut microbiota [37].

Phylum Proteobacteria, with the family Enterobacteriaceae comprising the majority of this group,
and E. coli are the most prevalent species within this family (Fig. 3C). The adaptability and
importance of E. coli in the gut microbiota is underscored by its ability to switch between
aerobic and anaerobic existence. Although it is usually a commensal organism, certain E.
coli strains can become pathogenic and pose health risks. Research on herbivores and other
animals has also emphasized the significant impact of E. coli on gut health and disease

[26]. P. mirabilis, another member of the Enterobacteriaceae family, is known to produce
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urease, which can modulate the pH and affect gut microbial balance through its alkalizing
effect. Its presence in feces suggests potential environmental contamination or temporary
colonization. Research on other animals has shown that Proteus species are also found in the
gastrointestinal tract and can influence gut health through their metabolic activities [27].

The phylum Fusobacteriota, consisting of F. varium from the Fusobacteriaceae family, produces
SCFAs such as butyrate and propionate during the fermentation of proteins and amino acids
in the gastrointestinal tract. The presence of these microorganisms, even in low quantities,
underscores the array of metabolic processes occurring within the deer gut. Research on
humans and other animals suggests that Fusobacterium species play a role in maintaining gut
health and contribute to inflammatory processes [38].

The feces of wild KWD contain diverse and well-suited microbial ecosystems comprising
anaerobic bacteria. Firmicutes, Proteobacteria, and Fusobacteriota are involved in the
fermentation of dietary fibers and proteins. These processes lead to the production of SCFAs,
which offer advantages to the host. The microbial community in the KWD gut is crucial for
nutrient absorption, energy production, and overall gut health. These findings support the
dietary habits and ecological adaptability of the deer.

In addition, certain pathogenic bacteria identified in this study, including B. anthracis,

C. botulinum, and E. coli, have zoonotic importance [39-41], as highlighted by the One
Health perspective. These pathogens pose risks to both wildlife and human populations,
emphasizing the need for continuous monitoring to prevent potential disease transmission
between animals and humans.

This investigation relied on a robust culturing and molecular approach; however, each has
limitations. Some species are fussy or unculturable under laboratory conditions; therefore,
culture may not represent the entire microbial ecosystem. Although more detailed,

molecular approaches may fail to distinguish between living and dead bacteria, influencing
functional microbiota interpretations. Metagenomic sequencing and transcriptomics may
help understand microbial community functions and host relationships. Identifying and
functionally characterizing unculturable bacteria might improve our understanding of the
microbial environment. This study did not consider seasonal microbial composition changes.
Microbial communities change during the year based on deer food and health; therefore, the
results are only snapshots. Future research should include more samples from other seasons
and locations. This strategy would help explain spatial and temporal changes in the microbial
flora and their impact on deer health.

In conclusion, this study examined the bacterial diversity in the feces of wild KWD using
culture-based and molecular techniques. Firmicutes and Proteobacteria were the two most
prevalent phyla identified in aerobic and anaerobic isolates. B. cereus was the most prevalent
species among the aerobic bacteria, while P. bifermentans dominated the anaerobic isolates.
The bacterial community in KWD is closely linked to their herbivorous diet, which is
essential for digestion, nutrient absorption, and overall gut health. Future research should
incorporate advanced molecular techniques such as metagenomic sequencing for a more
comprehensive understanding of microbial communities and their functional roles.
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