
1. Introduction
  
The long-tailed macaque (Macaca fascicularis; 

LTMs), also known as crab-eating monkeys, is a 
non-human primate (NHP) widely distributed across 
the southern part of the Southeast Asian mainland 
(Liedigk et al. 2015). In its natural habitat, this 
species spends most of its day foraging, grooming, 
playing, and resting at night (Hambali et al. 2012). 

The captive rearing of LTMs may impact their health 
due to differences in habitat and diet compared to their 
natural environment. Captive LTMs are housed in 
various enclosures with restricted space for movement 
compared to their wild counterparts. Additionally, 
their diet often consists of commercial monkey chow 
supplemented with fruits and vegetables (Cannon et 
al. 2016).

In contrast, wild LTMs primarily consume wild 
plant-based diets, including fruits, flowers, leaves, 
and occasionally small animals such as insects 
(Yeager 1996). These dietary disparities likely result * Corresponding Author
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Long-tailed macaques (Macaca fascicularis: LTMs) are widely distributed, adaptable 
primates commonly used as animal models in biomedical research. At primate facilities 
such as the Dramaga Captive Breeding Facility and the Tinjil Island Natural Habitat 
Breeding Facility at the Primate Research Center, IPB University, LTMs experience 
varying diets depending on their captive or semi-wild environments. At Dramaga Captive 
Breeding Facility, LTMs housed in individual and group cages are provided with different 
feeding regimens, whereas the semi-wild LTMs on Tinjil Island feed primarily on natural 
food sources with occasional, very modest provisioning of bananas. Our study's objective 
is to evaluate these diets' influence on the gut microbiota and overall health of LTMs. 
Through comparative analysis of fecal microbiomes using 16S rRNA sequencing, 
we identified distinct gut microbiota profiles between captive and semi-wild LTMs. 
Semi-wild LTMs displayed a predominance of Proteobacteria, notably Succinivibrio, 
associated with a high-fiber diet derived from wild plant consumption. In contrast, captive 
LTMs housed in individual and group cages exhibited dominance of Firmicutes and 
Bacteroidota, respectively. These findings suggest that diet is pivotal in shaping gut 
bacterial profiles, potentially impacting metabolic functions. Our study provides insight 
into the relationship between certain diets and gut bacterial composition in LTMs across 
different breeding facilities at the Primate Research Center, IPB University, thereby 
offering valuable implications for LTMs' welfare and management strategies.
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in differing nutritional values for captive and wild 
LTMs, potentially leading to obesity and diabetes in 
captive individuals (Bauer et al. 2012; Zijlmans et 
al. 2022). Moreover, captive LTMs may experience 
gastrointestinal issues, such as diarrhea, often 
associated with enteric dysbiosis or gut microbiome 
imbalance (Koo et al. 2019a; Tian et al. 2022). 

 The health of both wild and captive LTMs is 
closely linked to the bacterial communities within 
their intestines, thereby playing essential roles in 
host metabolism, immune system maintenance, 
and hormone activity (Chen et al. 2017; Martin et 
al. 2019). Various factors, including habitat, host 
genetics, and diet, influence the composition of 
intestinal microbiomes (Gogarten et al. 2018). Diet 
significantly impacts gut microbiota diversity, as 
shown by a study demonstrating rapid changes in 
gut microbiota diversity during the transfer of LTMs 
from the wild to captivity (Sawaswong et al. 2023). 
Different feeding regimes between captive and wild 
environments contribute to alterations in LTMs' gut 
microbiota composition (Boonkusol et al. 2020; Wills 
et al. 2022). Therefore, careful feeding management 
is essential for maintaining intestinal bacterial balance 
and the health of LTMs in captivity and the wild.

 LTMs are commonly used as animal models 
in research and are often either bred in captivity or 
maintained in natural habitat breeding facilities, such 
as Tinjil Island, Banten Province, Indonesia. This 
facility is managed by the Primate Research Center, 
IPB University, which also encompasses the Dramaga 
Captive Breeding Facility. While the LTMs in semi-
wild conditions on Tinjil Island typically forage for 
natural food sources like fruits, insects, and crabs, 
caretaker staff also provide occasional, modest 
provisioning with food such as bananas or corn to the 
groups near the basecamp. This provisioned food is 
one reason the term "semi-wild" is used for the LTMs 
on Tinjil Island. In contrast, the LTMs in Dramaga 
Captive Breeding Facility are housed in specific cages 
and primarily fed commercial monkey chow biscuits 
supplemented with cultivated plant-based foods. 

 Previous studies have explored differences in gut 
microbiota composition between wild and captive 
LTMs (Sawaswong et al. 2021; Sawaswong et al. 
2023). However, research investigating the correlation 
between specific diets and gut bacterial composition, 
particularly between breeding facilities and natural 
habitats in Indonesia, is limited. Only preliminary 
morphological-biochemical test identification has been 

done for LTMs' gut bacterial diversity on Tinjil Island 
(Tambunan et al. in review). Therefore, this study 
aimed to explore the relationship between different 
diets and gut bacterial profiles of LTMs in both the 
Dramaga Captive Breeding Facility and Tinjil Island 
using a molecular approach. We expect our findings 
to serve as an initial exploration of LTM gut bacterial 
profiles, offering valuable insights into primate 
welfare, especially regarding feeding management at 
the Primate Research Center, IPB University.

2. Materials and Methods

2.1. Animal and Study Sites
Three adult male long-tailed macaques (LTMs), 

including two captive aged 6-10 years old and one 
semi-wild individual, were selected for this study. The 
semi-wild LTMs resided at the Natural Breeding Facility 
of the Primate Research Centre on Tinjil Island in the 
Pandeglang Regency of Banten, in the southern part 
of Java Island (Supplementary Material, Figure S1). 
Here, some groups are inside the forest, while others 
are inhabiting the location near the caretaker staff's base 
camp. The captive LTMs were housed at the Dramaga 
Captive Breeding Facility of the Primate Research 
Centre, situated on the campus of IPB University 
in Dramaga. These captive LTMs were kept in both 
individual (and group cages. The individual cage was 
an indoor enclosure with dimensions of approximately 
68 x 61 x 87 cm (length x width x height).

In contrast, the group cage used in this study 
was a semi-open design measuring around 20x20 m 
(Supplementary Material, Figure S2). This semi-open 
cage featured an open top covered with iron netting, 
allowing exposure to natural elements such as rain and 
sunlight. The enclosure's floor was lined with stones, 
facilitating the growth of small grasses. Additionally, the 
cage included an iron framework for the LTMs.

2.2. Feeding Treatment
We established feeding schedules for the LTMs 

housed in Individual Cage  (IC_Dramaga) and Group 
Cage (GC_Dramaga), providing food twice daily, 
between 9-10 AM and 3-4 PM, for six months. The 
LTMs in IC_Dramaga received a diet consisting solely 
of monkey chow, following the guidelines established 
by the Primate Research Centre at IPB University, with 
each individual receiving 200 grams per day. In contrast, 
the LTMs in GC_Dramaga, comprising two adult males 
and 38 females, were fed a combination of monkey chow 
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and agricultural products, including guava, banana, and 
sweet potato. Each day, the LTMs would have monkey 
chow in the morning and agricultural products in the 
afternoon, and vice versa. During our fieldwork on 
Tinjil Island, no food was provided to the LTMs. We 
meticulously observed and documented the LTMs' 
diet in their natural habitat (SW_Tijil). This study was 
conducted with the approval of the Animal Care and Use 
Committee (ACUC) at IPB University under protocol 
number IPB PRC-19-A012.

2.3. Fecal Sample Collection
Fresh fecal samples were collected from three 

macaques: one housed at IC_Dramaga (in February 
2023), one at GC_Dramaga (in April 2023), and one 
from SW_Tinjil, Banten (in May 2023). We used 
sterile falcon tubes, sterile ice cream sticks for sample 
collection, and 96% alcohol as a preservative solution. 
The inner part of the fresh fecal sample was carefully 
extracted to prevent contamination with soil or cage 
ground microbiome. Upon collection, the fecal samples 
from Dramaga Captive Breeding Facility were promptly 
transferred into ice boxes and transported directly to the 
laboratory, where they were stored in a refrigerator at 
approximately -20°C, following established protocols 
(Frankel et al. 2019). Similarly, the fecal samples from 
Tinjil Island were temporarily stored in ice boxes before 
transportation to the laboratory.

2.4. DNA Extraction and The Partial Length 
16S rRNA Sequencing

DNA extraction was performed using the QiAamp 
DNA Mini Stool Kit (Qiagen, Germany). We assessed 
the concentration of DNA using the A260/280 and 
A260/A230 ratios measured by the NanoPhotometer 
NP80 (Implen, Germany). We determined the exact 
DNA concentration using the Qubit™ 4 Fluorometer 
(Invitrogen, USA), all following the manufacturer's 
instructions. The quality of DNA was evaluated 
using 1% agarose gel electrophoresis. We utilized the 
primers F1 (5'-CCTACGGGNGGCWGCAG-3') and R2 
(5’-GACTACHVGGGTATCTAATCC-3') as developed 
by Klindworth et al. (2013) for amplification of the 
V3-V4 region, which corresponded to positions 341 
to 805   in the Escherichia coli 16S rRNA gene. The 
expected amplicon size for this region is approximately 
460-500 base pairs (bp). The 16S rRNA gene amplicon 
sequencing was performed using the Illumina Miseq 
System, and sequencing services were conducted by 

a commercial sequencing company for subsequent 
bacterial identification. 

2.5. Data Analysis
The Illumina Miseq Sequencing generated 

demultiplexed raw data, which we analyzed using the 
Divisive Amplicon Denoising Algorithm 2 (DADA2) 
pipeline (Callahan et al. 2016). Cutadapt removed 
adapter and PCR primer sequences from the paired-end 
reads. Subsequently, DADA2 was utilized to correct 
sequencing errors, eliminate low-quality sequences, and 
detect chimera errors. The resulting Amplicon Sequence 
Variant (ASV) data were then subjected to taxonomic 
classification against the Silva Database (silva_nr99_
v138.1). R studio packages, including dada2, ggplot2, 
ggpicrust2, MicEco, microbiomeMarker, microbiome 
utilities, Microbiota Process, phyloseq, and vegan, 
along with Krona Tools, and PICRUSt2 were used for 
downstream analysis and visualizations, including alpha 
and beta diversity analysis.

3. Results

3.1. Food Type Per Location and Fecal 
Consistency Observation 
 The LTMs at the IC_Dramaga were fed only money 
chow, while those at GC_Dramaga received a daily 
diet of monkey chow and agricultural products, such 
as bananas, guavas, and sweet potatoes. In contrast, the 
semi-wild LTMs in SW_Tinjil were observed feeding 
on various wild plants, with different parts consumed (as 
illustrated in Table 1; Supplementary Material, Figure 
S4). During the sampling period, we found that the fecal 
samples at all locations had a normal texture or were not 
in liquid form (see Supplementary Material, Figure S3). 

3.2. Alpha and Beta Diversity of Gut Bacteria 
in Long-Tailed Macaques

The Shannon index revealed IC_Dramaga (5.076) 
as the most diverse sample, followed by GC_Dramaga 
(4.539) and SW_Tinjil (3.376) (Figure 1A). Similarly, 
the Simpson index values indicated high diversity 
between each sample pair. Complement values of the 
Simpson index (1-D) demonstrated that IC_Dramaga 
(0.9894) had the highest diversity index, followed by 
GC_Dramaga (0.9628) and SW_Tinjil (0.9082). These 
values indicate that the probability that two bacteria 
randomly selected from IC_Dramaga will belong to 
different species is approximately 98.94%, 96.28% 
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for GC_Dramaga, and 90.82% for SW_Tinjil. Only 
16 amplicon sequencing variants (ASVs) were shared 
across all samples, suggesting they may represent the 
core bacterial population in the LTMs gut environment. 
Furthermore, 66 ASVs were shared between IC_
Dramaga and GC_Dramaga, significantly higher than 
between Dramaga and Tinjil samples (Figure 1B). The 
PCoA plot based on Bray-Curtis dissimilarity showed 
that the gut microbiota component of LTMs in their 
natural habitat (Tinjil Island) differed from those raised 
in captivity (Dramaga Captive Breeding Facility) (Figure 
1C). Moreover, even the IC_Dramaga and GC_Dramaga 
samples (representing similar captive environments) had 
different gut microbiota components.

3.3. Dominant Taxa of Fecal Bacteria in The 
Dramaga and Tinjil LTMs 

We observed distinct proportions of dominant 
bacterial phyla in each sample, with IC_Dramaga 
comprising 52% Firmicutes, GC_Dramaga containing 
48% Bacteroidota, and SW_Tinjil exhibiting 49% 
Proteobacteria (Figure 2; Supplementary Material, 
Figure S5). At the family level, we identified 50 
bacterial families in each sample, each with varying 
abundance values (Supplementary Material, Figure 
S6). Prevotellaceae was the most abundant bacterial 
family in GC_Dramaga, constituting 42% of the 
total, whereas Oscillospiraceae accounted for 23% 
in IC_Dramaga, and Succinivibrionaceae comprised 
49% in SW_Tinjil. The most notable difference 
among the samples was the high abundance of 
Oscillospiraceae in IC_Dramaga and the low 
abundance of Succinivibrionaceae. SW_Tinjil 
exhibited the lowest abundance of Ruminococcaceae 

and Prevotellaceae compared to the other samples. 
Additionally, at the genus level, Succinivibrio was 
the most abundant bacterial genus in SW_Tinjil 
(49%); the UCG-002 group accounted for 14% in IC_
Dramaga, and Prevotella_9 constituted 29% in GC_
Dramaga (Figure 2; Supplementary Material, Figure 
S7). Notably, Succinivibrio exhibited significantly 
higher abundance in SW_Tinjil compared to the other 
samples, while Prevotella_9 was most prevalent in 
GC_Dramaga. Moreover, UCG_002 or unidentified 
bacteria were found in exceptionally high abundance 
in IC_Dramaga compared to the different samples.

4. Discussion

Our study revealed distinct fecal bacterial 
compositions in LTMs that may be due to different 
diets. While wild LTMs have access to a diverse 
array of natural food sources, including various fruits, 
insects, crabs, young leaves, and flowers, captive LTMs 
predominantly rely on commercial monkey biscuits 
supplemented occasionally with cultivated fruits or 
vegetables (Kyes 1993; Sha & Hanya 2013). Although 
both dietary regimes aim to meet the nutritional 
requirements of LTMs, variations in macronutrient 
content likely influence the prevalence of specific 
bacterial taxa associated with each diet.

When comparing potential food sources across 
different habitats, Tinjil Island harbors approximately 
61 plant species, with 23 serving as possible food 
sources for semi-wild LTMs (Perwitasari-Farajallah 
et al. 2023). Semi-wild LTMs predominantly consume 
plants from families such as Moraceae, Malvaceae, 
Myrtaceae, Lecythidaceae, and Fabaceae (Santoso 

Family 
Asparagaceae
Combretaceae
Fabaceae
Gnetaceae
Malvaceae
Meliaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Myrtaceae
Myrtaceae
Sapotaceae
Sterculiaceae

Dracaena elliptica
Terminalia catappa

Intsia bijuga
Gnetum gnemon

Thespesia populnea
Dysoxylum amooroides

Ficus hispida
Ficus glomerata

Ficus septica
Ficus ampelas
Ficus variegata
Eugenia cymosa 

Eugenia sp.
Manikara kauki
Sterculia faetida

Hanjuang
Ketapang
Merbau
Melinjo

Waru
Ki Langir

Bisoro
Ki Ara
Ki Ciat

Ki Hampelas
Kopeng

Jambu Kopo
Jambu Lalai
Sawo kecik

Kepuh

Least concern
Least concern

Near threatened
Least concern
Least concern
Data deficient
Least concern
Data deficient
Least concern
Least concern
Least concern
Data deficient
Least concern
Data deficient

Vulnerable

Leave
Leave
Bark
Leave
Leave
Fruit

Fruit, Leave
Fruit, Leave
Fruit, Leave
Fruit, Leave
Fruit, Leave

Fruit
Leave
Fruit
Fruit

Species Local name Conservation status Eaten parts

Table 1. Natural items are eaten by semi-wild LTMs in Tinjil Island
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Figure 1. Bacterial diversity of captive (IC_Dramaga and GC_Dramaga) and semi-wild (SW_Tinjil) Long-tailed macaques. (A) Alpha 
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A B

C

Figure 2.  Krona visualization of bacterial types and abundance in the gut environment. (A) Semi-wild  long-tailed macaque in Tinjil Island 
(SW_Tinjil), (B) Captive long-tailed macaque in the group cage (GC_Dramaga), and (C) Captive long-tailed macaque in the 
individual cage (IC_Dramaga).

1996). Particularly favored are Ficus spp. from the 
Moraceae family, along with Antidesma montanum, 
Melanoorhoea wallichii, Barringtonia asiatica, 
Hibiscus tiliaceus, Eugenia cymosa, and Terminalia 
catappa. Notably, LTMs consume not only the fruit but 
also the leaves and flowers of these plants, indicating 
access to ample food sources on Tinjil Island and less 
dependency on specific fruit seasons. Natural plant-
based foods are rich in dietary fiber (e.g., cellulose and 
hemicellulose) compared to captive diets, primarily due 
to the higher fiber content (around 9-18%) in wild plants 
(Santoso 1996). In contrast, monkey chow contains 
only about 3% fiber (Astuti et al. 2009). Although 
additional items such as cultivated fruits supplement 
the diets, they do not significantly increase fiber 
content. For instance, cultivated fruits like bananas and 
guava contain only 1-3% fiber (Plantain & Afolayan 
2019; Hussain et al. 2021). In addition to differences in 
fiber content, wild food generally has lower sugar and 

fat content than a captive diet, which tends to be higher 
in sugar (Milton 1999; Schwitzer et al. 2008).

Nutritional content significantly influences LTM 
health and is associated with intestinal microbes 
that aid nutrient digestion (Rinninella et al. 2019). 
Generally, wild animals have higher gut microbial 
diversity than captive animals due to their more 
complex dietary composition (McKenzie et al. 2017; 
Lugano et al. 2018). However, our results did not find 
the highest bacterial diversity in wild LTMs. This result 
may be because the captive LTMs (IC_Dramaga and 
GC_Dramaga) were consistently provided with a high-
energy diet, such as monkey chow and agricultural 
items. This energy-rich diet can promote the growth of 
bacteria from the Firmicutes and Bacteroidetes phyla.

Meanwhile, the wild LTMs on Tinjil Island sampled 
in this study may not always have access to high-energy 
foods such as fruits due to varying fruiting seasons in 
the forest. This result could have influenced the limited 
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variety of bacteria. Nevertheless, all three LTM samples 
exhibited high bacterial diversity, as indicated by a 
Shannon-Wiener H-Index value greater than 3 (Yin et 
al. 2019). While high bacterial diversity is generally 
a positive indicator of gut health, it is not the sole 
determinant. The overall composition, functionality, 
stability, and the presence or absence of pathogenic 
bacteria are critical factors in defining a healthy gut 
microbiota (McBurney et al. 2019). According to our 
findings,   the diet of monkey chow and cultivated fruit 
enriched the abundance of Bacteroidota, particularly 
Prevotella_9, in captive LTMs. Prevotella_9 is 
recognized for its capability to degrade xylan   polymers 
using endo-1,4-β-xylanase (Linares-Pastén et al. 
2021). This outcome suggests that the diets provided 
to captive LTMs may contain higher sugar content 
than natural diets. Moreover, the high sugar content 
in monkey chow and the consumption of bananas and 
sweet potatoes contribute to this enrichment (Plantain 
& Afolayan 2019; Rodrigues et al. 2016). 

A diet of monkey chow tends to elevate the abundance 
of the Firmicutes bacterial phylum, particularly 
Oscillospiraceae UCG_002 and Treponema, in IC_
Dramaga. These bacteria are recognized as butyrate 
producers and are pivotal in maintaining gut barrier 
integrity and anti-inflammatory activity (Donohoe 
et al. 2011; Knudsen et al. 2018). These bacteria aid 
in preventing mucosal inflammation and diarrhea in 
captive LTMs, which are often prevalent in captivity 
due to bacterial imbalances (Koo et al. 2019b). 
However, no instances of diarrhea were observed in 
the captive or semi-wild LTMs sampled in our study. 
Although assessing fecal consistency alone cannot 
definitively confirm LTM intestinal health, it can be an 
initial step in diagnosing diarrhea (Juckett and Trivedi 
2011).

Based on our findings, both LTM populations 
from group and individual cages exhibited similar gut 
bacterial profiles, primarily dominated by Bacteroidota 
and Firmicutes. Captivity has been shown to impact 
the gut bacterial composition of non-human primates 
(NHPs), often resulting in a significant shift towards 
Firmicutes and Bacteroidota, with Prevotella 
predominance observed in captive NHP species 
(Clayton et al. 2016). However, a notable disparity was 
observed in the semi-wild LTMs from Tinjil Island, 
which displayed a higher abundance of bacteria from 
the Proteobacteria phylum, particularly the genus 
Succinivibrio. Succinivibrio is recognized for its ability 

to metabolize plant polysaccharides, such as starch, 
hemicellulose, and xylan, derived from high-fiber diets 
like wild fruits and leaves (De Filippo et al. 2017). It 
possesses amylase enzymes capable of breaking down 
indigestible starch or fiber into digestible molecules, 
such as propionate. Butyrate is generally more 
advantageous for promoting intestinal health than 
propionate. It serves as the primary energy source for 
colonocytes and is crucial in maintaining gut barrier 
integrity, reducing inflammation, and lowering the risk 
of colorectal cancer (Hosseini et al. 2011).

Additionally, butyrate exhibits strong anti-
inflammatory properties, enhancing mucin production 
and tight junction proteins that fortify the gut barrier. 
In contrast, though beneficial in regulating lipid 
metabolism and potentially lowering cholesterol levels, 
propionate has a less pronounced impact on gut health 
than butyrate. Nevertheless, it is important to recognize 
that all short-chain fatty acids (SCFAs), including 
butyrate, propionate, and acetate, contribute positively 
to intestinal health by supporting various metabolic and 
immune functions (Louis and Flint 2016). This finding 
suggests that the LTMs from Tinjil Island may retain 
their indigenous gut bacterial profile, which aids in the 
digestion of plant-based foods.

As understood, the intestinal microbiota constitutes 
an integral component of our system, and their 
dynamic community structure can change due to 
various stimuli, including diets, environments, stress, 
genetics, and others (Ying et al. 2022). Alterations 
in bacterial abundance within the phylum Firmicutes 
and Bacteroidota significantly impact the health of 
NHPs in captivity. A higher abundance of Firmicutes 
bacteria compared to Bacteroidota is often associated 
with obesity in captive NPHs (Newman et al. 
2021), mirroring observations in humans (Kasai et 
al. 2015) because Firmicutes produce more fatty 
acids (SCFAs), particularly butyrate, followed by 
propionate and acetate, resulting in increased calorie 
absorption compared to Bacteroidota and consequently 
contributing to more weight gain (Turnbaugh & Gordon 
2009; Brahe et al. 2013). Although LTMs housed in 
individual cages tended to exhibit a higher Firmicutes/
Bacteroidota ratio, these LTMs did not display signs 
of obesity. However, there remains a possibility 
that captive LTMs in individual cages could become 
obese due to a lack of movement in the confined 
space. Meanwhile, captive LTMs in group cages also 
were observed not to be obese. In addition to being 
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supported by a higher dietary fiber intake, the LTMs 
in group cages also enjoy more freedom of movement 
within the larger enclosure.

Supplementing captive LTMs' with a high-fiber diet 
contributes to their digestive health. Specific nutrients 
such as dietary fiber, amino acids, or even polyphenol 
compounds play significant roles in maintaining the 
balance of gut microbiota. These nutritional sources 
can help decrease the abundance of Firmicutes while 
increasing the abundance of Bacteroidota (Henning et 
al. 2019). Dietary fiber undergoes conversion to SCFA, 
which influences the gut hormone peptide YY (PYY) 
activity in the intestine. Consequently, this hormone 
regulates food intake and energy balance processing 
(Samuel et al. 2008).

Our study provides preliminary insights into gut 
bacteria in semi-wild LTM on Tinjil Island and captive 
LTMs in Dramaga. Intestinal health, particularly diet 
treatments, requires attention, as captive LTMs are 
more vulnerable to diarrhea or obesity. Nutrients and 
bioactive compounds influence gut bacterial profiles, 
highlighting the importance of diet in LTM health. One 
of the primary limitations of this study is the small 
sample size, consisting of only three adult LTMs. This 
limited sample may not be representative of the broader 
LTM population. Future research should aim to include 
a more extensive and diverse sample to confirm the 
influence of diet and environment on intestinal health 
and its correlation with gut bacteria at the Primate 
Research Center breeding locations. 
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Supplementary Materials

Figure S1. Tinjil Island, natural breeding facility of the primate research centre, located in the Southern Part of the Province of Banten

Figure S2. Group (GC_Dramaga) (A) and individual (IC_Dramaga) (B) cages of captive long tailed macaques in Dramaga breeding 
facilities, Primate Research Center, IPB University

A B
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A B C

Figure S3. Fecal samples of captive and semi-wild Long-tailed macaques demonstrating normal fecal consistency. (A)  Captive long-tailed 
macaques in group cage (GC_Dramaga), (B) Captive long-tailed macaques in individual cage (IC_Dramaga), and (C) Semi-
wild long-tailed macaques in Tinjil Island (SW_Tinjil)

Figure S4. Wild plants consumed by semi-wild long-tailed macaques in Tinjil Island, including (A) Intsia bijuga, (B) Sterculia foetida, (C) 
Eugenia cymosa Lam., (D)  Dysoxylum amooroides Miq 
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Figure S5. Relative abundance of the top 10 dominant gut bacteria phyla in captive (IC_Dramaga and GC_Dramaga) and semi wild 
(SW_Tinjil) long-tailed macaques. The headmap displays all identified bacteria phyla found in each sample

Figure S6. Relative abundance of the top 10 dominant gut bacteria family in captive (IC_Dramaga and GC_Dramaga) and semi wild 
(SW_Tinjil) long-tailed macaques. The headmap displays all identified bacteria family found in each sample

Figure S7. Relative abundance of the top 10 dominant gut bacteria genera in captive (IC_Dramaga and GC_Dramaga) and semi wild 
(SW_Tinjil) long-tailed macaques. The headmap displays all identified bacteria genera found in each sample


