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Panthera tigris jacksoni (hereinafter – Malayan tiger) is an apex predator in Peninsular Malaysia, and it is 
known to prey on various mammal species within its natural habitat. Studies on plant consumption in the diet of 
carnivores, including tigers, are limited. However, studying the Malayan tiger diet provides valuable insights 
that enhance our understanding of predator ecology. Diet analysis through the faecal DNA metabarcoding can 
provide detailed and useful insights. This study aimed to identify plant materials in wild Malayan tiger scat 
using advanced high-throughput sequencing, specifically trnL DNA metabarcoding. Faecal sample collection 
was performed in the Malayan tiger habitat, including protected and human-tiger conflict areas. This study 
employed DNA metabarcoding analysis and identified a total of 52 plant families from DNA extracted from 18 
samples of Malayan tiger faeces, and no significant difference was found in diversity between the two habitat 
types, categorised as Protected Areas and human-tiger conflict areas. The predominant plant families found in 
the Malayan tiger faecal samples were Poaceae, Rubiaceae, Euphorbiaceae, and Fagaceae. Furthermore, the 
most prevalent plant genera included Panicum, Castanea, Renealmia, Mallotus, and Uncaria. Several of the 
plant families and genera identified in this study could be beneficial to the health of Malayan tigers, as most of 
the identified plants are recognised as offering health advantages to both humans and animals. Therefore, this 
study suggests that the presence of certain plant species in some Malayan tiger faecal samples may indicate 
their potential role in self-medication or as an additional source of nutrition. However, given the limited 
direct evidence for adaptive benefits of plant material in the analysed tiger faecal samples, further research is 
necessary to clarify the ecological and physiological significance of plant consumption in this species. This 
dietary requirement should be given attention and assessed as a source of support for the nutrition and health 
of the Malayan tiger. These findings may contribute to the development of effective conservation strategies 
for the Malayan tiger.
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Introduction
Panthera tigris jacksoni (Linnaeus 1758) 

(hereinafter – Malayan tiger) is a tiger subspe-
cies that resides in Peninsular Malaysia (Kawa-
nishi et al., 2010; Halim et al., 2019). As an apex 
predator, it is an obligate carnivore, principally 
feeding on large mammals and relying on meat 
or protein as its primary food source (Gani et al., 
2024). In addition, even though carnivorous spe-
cies, such as Felidae, are obligate predators and 
do not have the morphological and physiological 
traits requirements for plant consumption, plant 
material has been detected in their scat or stom-
ach contents (Yoshimura et al., 2021). A study 
by Montalvo et al. (2020), using direct observa-
tion and camera trap installation methods, found 

that carnivore species, such as jaguars, pumas, 
and ocelots, also consume plants. Similarly, a 
molecular dietary study by Kim & Park (2024) 
reported the frequent detection of plant DNA in 
the faeces of leopard cats and yellow-throated 
martens, thus indicating that even active preda-
tors may opportunistically consume plant matter. 
This behaviour was consistent with our field ob-
servations at a tiger captive centre, where Ma-
layan tigers were observed consuming grass and 
tree branches (Fig. 1). The consumption of plant 
species by carnivores is associated with various 
functions, such as aiding digestion, providing 
essential nutrients, or compensating for nutrient 
deficiencies in their diet (Hart, 2008; Shehzad et 
al., 2012; Franck & Farid, 2020). 
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Previous studies have documented that Felidae, 
including Panthera species, consume plants to aid 
digestion or fulfil certain nutritional requirements 
(Oli et al., 1993; Xiong et al., 2016; Hart & Hart, 
2018). In addition, Loureiro et al. (2014) suggested 
that dietary fibre might reduce the formation of hair-
balls. However, plant eating in Felidae has been 
reported to have little effect on the elimination of 
hairballs in the felid intestines (Hart et al., 2019; 
Yoshimura et al., 2020). Yoshimura et al. (2021) 
found no quantitative relationships between the 
amount of ingested plant matter and hair evacuated 
in scat, which suggests that the ingestion of vegeta-
tion may perform alternative functions unrelated to 
hair evacuation. Several previous studies have also 
detected the presence of plants in the diet of Pan-
thera tigris tigris Linnaeus 1758, although the role 
of plants in their diet has not been discussed in de-
tail (Mukherjee & Sarkar, 2013; Upadhyaya et al., 
2018; Yoshimura et al., 2021). Therefore, knowl-
edge about the plant-eating behaviour of felids re-
mains scarce. The Malayan tiger is known to have 
a variety of prey, ranging from large to small (Gani 
et al., 2024), but there is a lack of information re-
garding plant-eating behaviour in the Malayan tiger. 
Alternative diet information is important for under-
standing predator ecology and developing effective 
conservation initiatives. However, studying the diet 
of mammals, particularly large carnivores, includ-
ing the Malayan tiger, is challenging, especially in 
the wild (Gani et al., 2024).

With advancements in DNA sequencing tech-
nology, researchers are increasingly using the DNA 
metabarcoding approach to determine the diets of 
wild animal populations when reliable observa-
tional data are scarce or unattainable (Shehzad et 
al., 2012; Sousa et al., 2019). This advanced mo-

lecular approach via high-throughput sequencing 
can provide a more focused direction to identify 
prey species based on reference databases (Sousa et 
al., 2019). Although this approach is powerful, it is 
not without limitations, such as amplification biases, 
primer choice, and the variable degradation of plant 
DNA in faeces, which may influence the detectabil-
ity and representation of certain taxa, as highlighted 
by Sato (2024). Therefore, we carefully considered 
the laboratory workflow and data interpretation of 
this study. In the DNA metabarcoding approach, the 
chloroplast trnL marker has been widely used with 
specific primers in numerous studies to identify the 
diets of plant-eating species including big cat spe-
cies (Mallott et al., 2018; Osman et al., 2020, 2022; 
Fahimee et al., 2021; Abdullah-Fauzi et al., 2022; 
Tingga et al., 2024; Yoshimura et al., 2024). The 
chloroplast trnL intron region (UAA) exhibits a high 
level of nucleotide variation and is frequently used 
for plant species identification (Taberlet et al., 2007; 
Mallott et al., 2018). Therefore, this study aimed to 
determine the plants consumed by the Malayan ti-
ger using a DNA metabarcoding approach for faecal 
samples by utilising a trnL marker for the target re-
gion. This study is the first to reveal the plant com-
ponent that is frequently found in Malayan tiger di-
ets. This dietary need should be carefully considered 
and evaluated as a potential source of nutritional and 
health support for the Malayan tiger.

Material and Methods
Sample collection and species identification
A total of 18 faecal samples were opportunisti-

cally collected from wild Malayan tigers in various 
habitats in Peninsular Malaysia, such as forest re-
serves, National Parks, villages, and oil palm plan-
tation areas, all of which are known to be inhabited 

Fig. 1. Documented plant-eating behaviour by a captive Malayan tiger in Peninsular Malaysia.
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by tigers. Two types of habitat environments were 
categorised in this study: Protected Areas (PA), 
which included forest reserves and national parks, 
and Human-Tiger Conflict (HTC) areas, which en-
compassed villages and oil palm plantations. In the 
HTC areas, fresh faecal samples (n = 10) were col-
lected directly from Malayan tigers during capture 
and rescue operations conducted by the Department 
of Wildlife and National Parks (PERHILITAN), 
Peninsular Malaysia. Samples were obtained either 
directly from the Malayan tiger’s rectum during vet-
erinary treatment immediately after capture or from 
faeces collected in the holding cages during the cap-
ture programme. For the collection of faecal sam-
ples from tigers in the PA (n = 8), faeces were found 
by searching the forest floor during wildlife inven-
tories and patrolling programmes. All samples were 
located in open, exposed areas, typically on soil or 
sandy ground rather than on vegetation. All samples 
were individually extracted for genomic DNA using 
the QIAamp Fast DNA Stool Mini Kit (Qiagen, Ger-
many). During the DNA extraction process, samples 
were taken from the inner portion of the faecal mass 
to minimise the risk of environmental contamination, 
thereby avoiding the outer surfaces that may have 
been exposed. Species identification was performed 
on the faecal samples from unknown species using 
the designed primer pair of the partial control region 
(D-loop): MGCR560F (5′-GTGTACCTCTTC-
GCTCCG-3′) and MGCR873R (5′-TGTTGTAC-
GTGGAACCCC-3′). The primer pair was designed 
using Geneious Prime 2022.1.1, based on mitochon-
drial sequences from four Felidae species: Panthera 
tigris (Linnaeus, 1758) (NC_010642), Panthera 
pardus (Linnaeus, 1758) (NC_010641), Neofelis 
nebulosa (Griffith, 1821) (DQ257669), and Felis 
catus Linnaeus, 1758 (NC_001700). The success-
fully amplified PCR products underwent Sanger se-
quencing. All sequences were quality-checked and 
subjected to Basic Local Alignment Search Tool 
(BLAST) searches against the National Centre for 
Biotechnology Information (NCBI) database and a 
local reference database. Species identification us-
ing the D-loop marker confirmed that the 18 faecal 
samples were from the Malayan tiger.

DNA Quality Control (QC) was performed on 
the gDNA samples using agarose gel electrophore-
sis, and the DNA concentration was measured using a 
spectrophotometer (Implen NanoPhotometer® N60/
N50) as well as fluorometric quantification using the 
iQuant™ Broad Range dsDNA Quantification Kit 
(GeneCopoeia, US). The purified gDNA that passed 
QC proceeded to amplicon Polymerase Chain Reac-

tion (PCR). Amplification of the trnL gene (Taberlet 
et al., 2007) was performed using a universal primer 
pair with Illumina overhang adapters: gtrnL_F: 
5′-TCGTCGGCAGCGTCAGATGTGTATA-
AGAGACAG-[GGGCAATCCTGAGCCAA]-3′ 
and htrnl_R: 5′-GTCTCGTGGGCTC-
G G A G A T G T G T A T A A G A G A C A G -
[CCATTGAGTCTCTGCACCTATC]-3′. The first 
PCR was performed in a 25 μL reaction volume 
containing 2.5 μL DNA template (5 ng/μL), 12.5 
μL KOD-Multi & Epi-® buffer (Toyobo), 0.5 μL 
(10 μM) of each gtrnL_F and htrnl_R primer, and 9 
μL nuclease-free water. The PCR conditions are as 
follows: 95°C for 3 min, followed by 30 cycles of 
95°C for 30 s, 50°C for 30 s, and 72°C for 30 s, with 
a final extension at 72°C for 5 min. These amplifi-
cation products were purified using 0.8X AMPure 
XP beads. Following purification, the PCR prod-
ucts were visualised using 1.7% TAE agarose gel 
electrophoresis to confirm the presence of the target 
DNA fragments. No amplification was observed in 
the negative control samples, as verified by the ab-
sence of bands on the agarose gel.

Dual indices were added to the second round 
of PCR amplification using the Illumina Nextera 
XT Index Kit v2 (Illumina, USA), according to the 
manufacturer’s instructions. The PCR mixture was 
performed in a 10 μL reaction volume, containing 5 
μL KOD-Multi & Epi-® buffer (Toyobo), 1 μL of 
each primer index, and 3 μL of PCR product from 
the first PCR. The second PCR conditions were as 
follows: 95°C for 3 min, followed by 12 cycles of 
95°C for 10 s, 55°C for 30 s, and 72°C for 30 s, 
with a final extension at 72°C for 5 min. The li-
braries were then purified using 0.7X AMPure XP 
beads. The quality of the libraries was assessed us-
ing the Agilent Bioanalyzer 2100 System with the 
Agilent DNA 1000 Kit (Agilent Technologies, San 
Diego, CA, USA) and fluorometric quantification 
with Helixyte Green™ Quantifying Reagent (AAT 
Bioquest, USA). The libraries were normalised and 
pooled according to Illumina’s recommended proto-
col and then sequenced on the Illumina MiSeq plat-
form using 150-bp paired-end (PE) reads.

trnL sequence analysis
The quality assessment of the raw reads was 

performed using FastQC (https://www.bioinfor-
matics.babraham.ac.uk/projects/fastqc/). All the 
processes of filtering, trimming, and merging the 
PE reads were performed using the DADA2 V1.18 
pipeline (Callahan et al., 2016). The primers and 
adapters were removed using Cutadapt 3.5 (Martin, 
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2011). The forward and reverse reads were indepen-
dently filtered and trimmed to improve the sequence 
quality, followed by the merging of the PE reads. 
Chimera screening and taxonomy assignment were 
performed using the NCBI GenBank database. A 
taxonomy worksheet of the amplicon sequence vari-
ant (ASV) was then generated, which displayed all 
occurrences for each taxonomic unit for all samples 
(PA, n = 8; HTC, n = 10). Furthermore, the sam-
ples were categorised into two habitat groups for 
analysis: Protected Areas (PA) and Human-Tiger 
Conflict (HTC) areas. The PA group consisted of 
samples collected from the forest reserves and Na-
tional Parks, while the HTC group included samples 
obtained from the villages and oil palm plantation 
areas. A Venn diagram was created using VENNY 
2.1 (http://bioinfogp.cnb.csic.es/tools/venny/) to il-
lustrate the similarities and differences between the 
PA and HTC groups.

To quantify the dietary composition, we con-
verted our taxa-by-sample matrix of the sequence 
data into three molecular diet analysis metrics based 
on those employed in previous studies (Deagle et 
al., 2019; Yoshimura et al., 2024). The first metric 
was the relative read abundance (RRA) of each 
identified prey species. The second metric was the 
frequency of occurrence (FOO), which represents 
the number of samples that contain the DNA of a 
prey species and indicates how often each item is 
found across all the samples. The third metric was 
the weighted proportion of occurrence (wPOO), 
which measured how frequently and consistently a 
plant item appeared across all the samples.

The alpha diversity index was calculated us-
ing the Chao1 and Shannon diversity indices, 
which employed the amplicon sequence variant 
(ASV)  data, and was performed with RStudio 
(version 4.3.2) using the phyloseq (McMurdie & 
Holmes, 2013) and ggplot2 (Wickham, 2016) pack-
ages. Significance was calculated using the Mann-
Whitney U test (p  <  0.05) to observe intergroup 
variability. The alpha diversity index highlights 
both the richness and evenness components of the 
diversity. Beta diversity was measured using the 
weighted UniFrac and Bray-Curtis matrices, which 
were presented via principal co-ordinate analysis 
(PCoA) using the R phyloseq package to visual-
ise the sample distances in terms of diet composi-
tion and their associated variables. Permutational 
multivariate analysis of variance (PERMANOVA) 
based on the Bray-Curtis distance matrices and 
999 random permutations was performed using the 
R vegan package, and the adonis2 function (Ok-

sanen et al., 2016) was implemented to determine 
the significance of the differences among the de-
fined groupings.

Results
A total of 18 Malayan tiger faecal samples gen-

erated a total of 1  633  815 raw sequencing reads 
utilising the trnL gene amplicon sequencing process. 
Subsequently, filtering, trimming, and sequence as-
sembly procedures were performed, and the final 
sequences yielded 1  287  652 nonchimeric reads, 
which were then successfully used to classify the 
plant taxonomy into 241 plant ASVs. This sequenc-
ing data were subsequently employed in the analysis 
of the plant composition and diversity consumed by 
Malayan tigers.

The taxonomic classification of the 241 ASVs 
successfully identified two phyla, 27 orders, 52 fam-
ilies, 100 genera, and 86 plant species. Based on the 
Venn diagram, when the data were categorised by 
sample habitat, 97 ASVs and 129 ASVs were unique 
to PA and HTC, respectively. A total of 15 unique 
ASVs were shared across these two habitats (Fig. 
2). Overall, across the 18 Malayan tiger faecal sam-
ples, 79.32% of the sequencing data were success-
fully assigned to plant taxonomy, while 20.68% of 
the plant DNA sequencing reads remained unidenti-
fied. The unidentified group represented the domi-
nant category across all taxonomic levels, including 
order, family, genus, and species. Two phyla were 
identified from 241 ASVs generated, namely Strep-
tophyta and Chlorophyta. The Streptophyta phylum 
was primarily comprised of terrestrial plant species, 
whereas Chlorophyta mainly included green algae 
classes (Lewis & McCourt, 2004). The Chlorophyta 
phylum was only detected in an individual sample 
from the PA group and represents only 0.01% of the 
total taxonomic classification data.

Fig. 2. Venn diagram showing the plant amplicon sequence 
variants (ASVs) detected in the diet of Malayan tigers.
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Fig. 3 illustrates the RRA of the plants at the or-
der level based on the habitat categories of the Ma-
layan tiger. HTC exhibited a higher number of or-
ders (ASV = 26) than that of the PA habitat (n = 18). 
Overall, the order Poales recorded the highest RRA 
(RRA = 18.71%, FOO = 67%, and wPOO = 24.01%). 
Based on the habitat types, Poales was the most domi-
nant order in the faecal samples from the HTC group 
(RRA = 16.51%, FOO = 75%, and wPOO = 24.10%), 
followed by the order Gentianales (RRA = 13.13%, 
FOO = 63%, and wPOO = 15.97%). Meanwhile, the 
unidentified plant group (RRA = 31.04%, FOO = 75%, 
and wPOO  =  37.23%) was the most dominant in 
the PA group, followed by Poales (RRA =  23.40%, 
FOO  =  50%, and wPOO  =  18.71%) and Fabales 
(RRA = 13.27%, FOO = 100%, and wPOO = 21.22%), 
which exhibited the highest abundances. Based on the 
wPOO calculation, the order Fabales in the PA group 
exhibited a higher value (wPOO = 21.22%), followed 
by the order Poales (wPOO = 18.71%).

The RRA at the family level showed that 
Poaceae (RRA  =  18.70%, FOO  =  67%, and 
wPOO = 27.87%) was the most dominant, followed 
by Rubiaceae (RRA  =  8.50%, FOO  =  42%, and 
wPOO  =  7.91%), Euphorbiaceae (RRA  =  7.25%, 
FOO  =  58%, and wPOO  =  9.45%), Fagaceae 
(RRA = 6.42%, FOO = 25%, and wPOO = 3.59%), 
and Sapindaceae (RRA = 6.26%, FOO = 25%, and 
wPOO = 3.50%). The Fabaceae family recorded a 
lower RRA of 4.65%; however, its FOO (92%) and 
wPOO (9.53%) values were higher than those of 
Euphorbiaceae, Fagaceae, and Sapindaceae.

Based on the habitat groups (Table 1), the 
most dominant family in the PA group was the un-
identified plant group with the highest abundance 

(RRA = 31.04%, FOO = 75%, and wPOO = 42.03%), 
followed by Poaceae (RRA = 23.40%, FOO = 50%, 
and wPOO  =  22.63%), Fagaceae (RRA  =  12.43%, 
FOO = 25%, and wPOO = 6.01%), and Polygalaceae 
(RRA = 9.48%, FOO = 25%, and wPOO = 4.59%). 
Despite the lower value of RRA in the order Fabaceae 
(RRA = 3.79%, FOO = 100%, and wPOO = 7.33%), 
it had higher wPOO than the families Fagaceae, 
Polygalaceae, and Annonaceae. Meanwhile, for the 
HTC group, the Poaceae family exhibited the high-
est relative abundance (RRA = 16.50%, FOO = 75%, 
and wPOO  =  26.34%), followed by the unidenti-
fied plant group (RRA = 15.82%, FOO = 50%, and 
wPOO  =  16.83%), Rubiaceae (RRA  =  12.49%, 
FOO = 63%, and wPOO = 16.61%), and Euphorbiaceae 
(RRA = 10.25%, FOO = 50%, and wPOO = 10.90%).

Fig. 3. Relative read abundance of amplicon sequence 
variants (ASVs)  at the order level in the dietary plant 
components according to the Malayan tiger habitat groups.

Table 1. List of plants at the family level in Malayan tiger faecal samples based on their habitat group, PA and HTC, with 
relative read abundance (RRA) values > 1%

Family (PA) RRA (%) FOO wPOO (%) Family (HTC) RRA (%) FOO wPOO (%)
Unidentified / Unclassified 31.04 3 45.03 Poaceae 16.50 6 26.34
Poaceae 23.40 2 22.63 Unidentified / Unclassified 15.82 4 16.83
Fagaceae 12.43 1 6.01 Rubiaceae 12.49 5 16.61
Polygalaceae 9.48 1 4.59 Euphorbiaceae 10.25 4 10.90
Unknown_family 5.00 2 4.84 Sapindaceae 9.19 2 4.89
Annonaceae 4.41 1 2.13 Zingiberaceae 9.02 2 4.80
Fabaceae 3.79 4 7.34 Fabaceae 5.06 7 9.41
Anacardiaceae 2.07 2 2.00 Fagaceae 3.60 2 1.91
Theaceae 1.78 1 0.86 Musaceae 2.75 2 1.46
Urticaceae 1.51 1 0.73 Annonaceae 2.60 1 0.69
Myrtaceae 1.11 2 1.07 Solanaceae 2.46 2 1.31

Acanthaceae 2.27 1 0.60
Vitaceae 1.90 1 0.51
Melastomataceae 1.53 4 1.62
Arecaceae 1.32 2 0.70

Note: PA – Protected Areas, HTC – Human-tiger conflict areas, RRA – Relative read abundance, FOO – frequency of occurrence, wPOO – weighted 
proportion of occurrence.
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From the 241 ASVs, a total of 100 plant genera 
were identified. A total of nine plant genera from 
the family Poaceae in the order Poales were iden-
tified. These genera included Bromus, Centotheca, 
Chloris, Chusquea, Echinochloa, Panicum, Oryza, 
Steinchisma, and Zea. Overall, the genus Pani-
cum exhibited the highest RRA (RRA = 17.54%, 
FOO  =  50%, and wPOO  =  25.78%) in both the 
PA and HTC groups. The second most commonly 
identified genus in the Malayan tiger faecal samples 
in the PA group was Castanea (RRA = 12.43%, 

FOO = 25%, and wPOO = 6.83%), followed by 
Xanthophyllum (RRA  =  9.48%, FOO  =  25%, 
and wPOO = 5.21%). In contrast, after Panicum, 
the highest identified genus in the HTC group 
was dominated by Renealmia (RRA  =  9.02%, 
FOO  =  25%, and wPOO  =  6.51%), Mallotus 
(RRA = 7.56%, FOO = 25%, and wPOO = 5.48%), 
and Inga (RRA  =  3.54%, FOO  =  75%, and 
wPOO = 7.65%). Table 2 shows the top 10 highest 
RRA at the order level, along with the correspond-
ing family and genus levels.

Table 2. Plant diet composition for the top-10 highest relative read abundance (RRA) at the order level, including the RRA, 
frequency of occurrence (FOO), and weighted proportion of occurrence (wPOO) values for each genus

Order Family Genus Plant types RRA (%) FOO wPOO (%)
Poales Poaceae Panicum

Grass, grain
17.54 6 25.781

Centotheca 0.85 3 0.636
Oryza 0.03 2 0.015
Echinochloa 0.04 1 0.009
Zea 0.03 1 0.008
Chloris 0.02 1 0.006
Chusquea 0.02 1 0.006
Steinchisma 0.01 1 0.003
Bromus 0.005 1 0.001

Gentianales Rubiaceae Spermacoce Shrubs 2.69 2 1.320
Uncaria 4.95 1 1.212
Psychotria 0.83 1 0.203
Staelia 0.02 1 0.004

Gentianaceae Fagraea 0.01 1 0.002
Zingiberales Zingiberaceae Renealmia Fruit-bearing plants, herb 6.14 2 3.007

Musaceae Musa 1.87 2 0.916
Fabales Fabaceae Inga

Shrubs, legumes, herb

2.65 8 5.193
Phanera 0.29 2 0.131
Mucuna 0.25 2 0.124
Senegalia 0.42 1 0.103
Intsia 0.11 2 0.056
Pueraria 0.03 2 0.017
Dialium 0.03 1 0.008
Saraca 0.02 1 0.005
Faidherbia 0.02 1 0.004
Tamarindus 0.01 1 0.004
Millettia 0.01 1 0.002
Acacia 0.004 1 0.001
Albizia 0.005 1 0.001
Pisum 0.003 1 0.001
Zapoteca 0.002 1 0.0005
Dalbergia 0.001 1 0.0003

Polygalaceae Xanthophyllum 3.03 1 0.742
Malpighiales Euphorbiaceae Mallotus

Shrubs, rubber plant, fruit-
bearing plants

5.15 3 3.787
Macaranga 1.33 4 1.304
Ditaxis 0.34 2 0.167
Mercurialis 0.15 2 0.076
Elateriospermum 0.05 1 0.013
Jatropha 0.05 1 0.011
Neoshirakia 0.03 1 0.008
Hevea 0.01 1 0.003

Phyllanthaceae Phyllanthus 0.05 1 0.742
Glochidion 0.003 2 0.001

Clusiaceae Garcinia 0.05 2 0.023
Chrysobalanaceae Licania 0.01 1 0.003
Pandaceae Microdesmis 0.03 1 0.006

Sapindales Sapindaceae Litchi Shrubs 2.57 2 1.261
Paranephelium 3.67 1 0.898
Dodonaea 0.02 1 0.005

Anacardiaceae Spondias Fruit-bearing plants 0.59 1 0.144
Mangifera 0.07 1 0.018

Fagales Fagaceae Castanea Chestnut tree 6.42 3 4.716
Castanopsis 0.002 1 0.0004

Magnoliales Annonaceae Goniothalamus Shrubs 1.77 1 0.433
Monoon 1.41 1 0.345

Myrtales Melastomataceae Blakea Shrubs 1.04 3 1.015
Pternandra 0.06 1 0.014
Melastoma 0.002 3 0.002

Myrtaceae Myrcia Fruit-bearing plants 0.47 3 0.345
Syzygium 0.35 1 0.085

Solanales Solanaceae Capsicum Shrubs 0.95 1 0.232
Solanum 0.49 1 0.120

Note: RRA – Relative read abundance, FOO – frequency of occurrence, wPOO – weighted proportion of occurrence.
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Alpha and beta diversity analysis of the plant 
diet composition in the Malayan tiger was performed 
based on the habitat group, namely HTC and PA (Fig. 
4). Faecal samples from the PA group revealed a 
higher species richness and evenness compared with 
those of the HTC group (Fig. 4a). However, there was 
no significant differences in plant species richness 
and evenness in the HTC and PA groups using the 
Mann-Whitney U test (two-tailed) (Chao1, W = 8, P-
value = 0.202; Shannon, W = 9, P-value = 0.2696). 
The beta diversity was displayed in the PCoA plot 
(Fig. 4b). The PCoA plot shows that the PCoA.1 
axis represents 32.8% of the variation, while the 
PCoA.2 axis represents 18.0% of the variation. No 
distinct sample clustering by area type was observed 
in the PCoA plot, and this result is supported by the 
PERMANOVA analysis, which indicated no sig-
nificant difference between the PA and HTC groups 
(R2 = 0.087, P-value = 0.869) either.

Discussion
The alpha and beta diversity of the habitat groups 

(PA and HTC) did not differ significantly in this 
study. The limited sample size may have influenced 
the absence of significant differences observed be-
tween the PA and HTC sites. Nevertheless, the types 
of plants identified in this study consisted of grasses, 
herbs, shrubs, legumes, ferns, fruit-bearing plants, 
grains, and vegetable plants. The results of this study 
revealed that Poaceae species dominated in the Ma-
layan tiger faecal samples. The high RRA (18.7%) 
and FOO (67%) values for the detected Poaceae spe-
cies in the faecal samples suggest that grass consump-

tion is a regular dietary component of Malayan tigers, 
which aligns with the observations reported in previ-
ous studies of other big cats. This finding supports 
those of previous studies that have demonstrated high 
grass consumption in the diet of carnivore species, 
including large cats such as Panthera tigris tigris 
and Panthera pardus (Hoppe-Dominik, 1988; Hart, 
2008; Anwar et al., 2011; Devkota et al., 2013; Xiong 
et al., 2016; Hart et al., 2019; Montalvo et al., 2020; 
Yoshimura et al., 2024). 

Grass consumption in the Malayan tiger’s diet 
may primarily be related to digestion and health man-
agement rather than nutrition. Hart & Hart (2018) 
found that grass consumption could help expel intes-
tinal parasites through faecal sample analysis. This 
finding is consistent with studies by Murie (1944) 
and Schaller (1967), detected grass and intestinal 
worms in the faecal samples of Canis lupus Linnaeus, 
1758 and Panthera tigris, by suggesting that grass 
consumption serves to cleanse and expel intestinal 
parasites. The grass species identified in the Malayan 
tiger faecal samples belonging to the Poaceae fam-
ily included rice, bamboo, and corn. Montalvo et al. 
(2020) reported that three felid species (jaguar, puma, 
and ocelot) consumed wild-type rice in the same area, 
hypothesising that this behaviour might be related to 
self-medication. Wild-type rice from the genus Oryza 
contains cyclooxygenase inhibitors, which function 
as anti-inflammatory agents that can alleviate pain 
and symptoms of inflammation (Cao et al., 2010). 
Therefore, grass consumption by Malayan tigers may 
serve as a means of maintaining health and combat-
ing intestinal parasite infections.

Fig. 4. Diversity of plant taxa identified in Malayan tiger faecal samples. Designations: (a) Alpha diversity based on the Chao1 
and Shannon indices of the plant taxa in Malayan tiger faecal samples; (b) Beta diversity is shown in the principal co-ordinate 
analysis (PCoA) plot based on the Bray-Curtis distance.
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In addition to the Poaceae family, Malayan 
tiger faecal samples contain dicotyledonous 
plants such as shrubs, fruit-bearing plants, and 
vegetables. According to Franck & Farid (2020), 
carnivores consume several dicotyledon species, 
which suggests that this consumption may occur 
intentionally. The Euphorbiaceae family is impor-
tant as it contains medicinal plants (Islam et al., 
2019) that are used to treat various ailments, such 
as wounds, diarrhea, and jaundice. Plants in the 
Euphorbiaceae family include those that produce 
latex and exhibit diverse morphologies, including 
shrubs, herbs, trees, and succulents (Zhao et al., 
2022). The genera Mallotus and Macaranga were 
found to be present in the Malayan tiger faecal 
samples, and these genera are among those that 
are dominant with high occurrence. Mallotus and 
Macaranga are recognised for their multifunc-
tional properties, including anti-inflammatory, 
antioxidant, and antimicrobial effects, as well as 
their use in the treatment of stomachaches and 
intestinal ailments in humans (Magadula, 2014; 
Anh et al., 2022; Siew et al., 2023). The genus 
Jatropha was also identified in a Malayan tiger 
faecal sample, and this genus is known for its ben-
efits, including antioxidant and anti-inflammatory 
potential (Rofida, 2015; Zengin et al., 2021).

This study also detected the presence of the 
Fabaceae family, which comprises leguminous 
plants. The genus Inga was most frequently de-
tected, with a high FOO value across all Malayan 
tiger faecal samples. Earlier research has associ-
ated legumes with several health benefits, such 
as preventing obesity, cardiovascular diseases, 
cancer, fever, and diabetes (Usman et al., 2013, 
2022; Rebello et al., 2014; Hasni et al., 2023). 
This suggests that these plants could be incorpo-
rated into the Malayan tiger’s diet as a supple-
mentary food source or for therapeutic purposes.

The Rubiaceae family was among the most 
frequently identified families in the Malayan tiger 
faecal samples from HTC. However, this study 
did not detect Rubiaceae in the Malayan tiger 
faecal samples from PA. Plant types from Rubia-
ceae family include shrubs and succulents. The 
Malayan tiger may consume Rubiaceae species 
because they contain active compounds with me-
dicinal properties. Many species in the Rubiaceae 
family are used in traditional human medicine to 
treat various health issues, such as malaria, di-
arrhea, digestive problems, skin diseases, fever, 
bleeding, urinary and respiratory tract infections, 
headaches, and inflammation of the eyes and 

gums (Wong et al., 2015; Rushdan et al., 2023). 
Several genera and species within the Rubiaceae 
family play crucial roles in traditional medicine 
across Asia. In this study, the genera Uncaria and 
Spermacoce were identified, with previous re-
search indicating that Malaysian Uncaria exhibits 
considerable antioxidant and antimicrobial prop-
erties (Ahmad et al., 2011). The HTC group also 
contained the genus Renealmia from the Zingib-
eraceae family. Fruit-bearing plants and vegeta-
ble species, including the genera Mangifera, Gar-
cinia, Durio, Spondias, Litchi, Musa, Capsicum, 
and Piper, were also detected. The genus Sola-
num was detected in Malayan tiger faecal samples 
from the village area. A previous study by Xiong 
et al. (2016) found that Solanum was also com-
monly detected in wild cat faecal samples, and 
the Solanum fruits can produce toxic secondary 
metabolites during digestion (Cipollini & Levey, 
1997). However, this study did not further inves-
tigate the specific plant parts that were consumed 
by the Malayan tigers.

The Fabaceae family exhibited higher FOO 
and wPOO values than other families with high 
RRA values, such as Rubiaceae, Euphorbiaceae, 
Fagaceae, Sapindaceae, and Zingiberaceae. This 
indicates that despite Fabaceae having a lower 
RRA, its FOO and wPOO values suggest that 
plants from this family are commonly found in 
Malayan tiger faecal samples, although in smaller 
quantities. The presence of Fabaceae is likely as 
a supplementary food source or byproduct from 
the primary food sources. These findings suggest 
that predators, such as the Malayan tiger, use a 
flexible feeding strategy, exploiting specific plant 
resources, such as Fabaceae, which may provide 
fibre or bioactive compounds that aid in digestion 
or intestinal microbiota health (Ajay et al., 2024).

Several studies have highlighted the poten-
tial and limitations of DNA metabarcoding in 
the dietary analyses of wildlife. Furthermore, 
this study acknowledges that the chloroplast trnL 
marker, while effective for detecting plant taxa at 
the family level, has limitations in resolving taxa 
to the genus or species levels. This limitation has 
also been observed in previous studies (e.g. Sato 
et al., 2022), which demonstrated that the trnL 
marker efficiently detected plant families but was 
less effective at identify-ing taxa at the family 
level or below. Therefore, it is recommended that 
future research consider using multi-locus DNA 
metabarcoding to gain a more comprehensive un-
derstanding of the plant intake of the Malayan 
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tiger. In addition, the development of a compre-
hensive local reference database of plant species 
is an important consideration for future studies. 
Such a database would enhance the taxonomic 
identification by enabling more accurate matches 
between the DNA sequences and locally occur-
ring plant species (Sato et al., 2018, 2019).

This study does not exclude the possibility 
that the plants identified in the Malayan tiger fae-
cal samples originate from the stomach contents 
of their prey. Prey species, including bovines and 
wild boar, also incorporate plants from families, 
such as Fabaceae, in their diet. Therefore, the 
presence of plant species in the Malayan tiger 
faecal samples may not be a result of their direct 
plant consumption but rather indirectly from the 
diet of their prey. However, behavioural studies 
of carnivores have shown that most carnivores, 
including Panthera tigris tigris, tend to avoid 
consuming the internal organs of prey, such as 
the digestive tract and stomach contents (Jobin 
et al., 2000; Fàbregas et al., 2016). The eco-
logical role of the widespread presence of these 
plants in the Malayan tiger faecal sample should 
not be overlooked. Several of the plant families 
and genera found may also positively influence 
the health of Malayan tigers, as these plants are 
known to provide health benefits to humans and 
animals. Therefore, this study suggests that the 
plants identified in the Malayan tiger faecal sam-
ples reflect the deliberate plant-eating behaviour 
of the Malayan tiger.

Conclusions
In this study, the frequency of plant con-

sumption by the Malayan tiger suggests that 
plant intake in their diet may have a certain 
value. However, the role of plants as a source of 
nutrition or self-medication remains unclear. Al-
though it is challenging to determine the exact 
value of plant consumption in the diet or self-
medication of species, such as the Malayan tiger, 
the potential dietary need for plants by these ti-
gers may be considered as an additional source of 
nutrition and for medicinal purposes. Therefore, 
the presence of certain plant species in some of 
the Malayan tiger faecal samples may indicate 
their potential roles in self-medication or as ad-
ditional nutrition. The consumption of plants by 
the Malayan tiger is most likely a deliberate be-
haviour. However, there are various possible ex-
planations for the consumption of plants by the 
Malayan tiger. Therefore, this study emphasises 

the need for further research to assess the iden-
tified plants, including behavioural studies and 
nutritional analyses, to clarify the ecological and 
physiological implications of plant ingestion by 
Malayan tigers.
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АНАЛИЗ TRNL МЕТАБАРКОДИНГА ВЫЯВИЛ СОСТАВ РАЦИОНА 
РАЦИОНА ДЛЯ НАХОДЯЩЕГОСЯ ПОД УГРОЗОЙ ИСЧЕЗНОВЕНИЯ 

ВИДА PANTHERA TIGRIS JACKSONI (FELIDAE) В МАЛАЙЗИИ

М. Гани1,2 , Б. М. Мд-Зейн1,*

1Национальный университет Малайзии, Малайзия
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Panthera tigris jacksoni (далее – малайский тигр) является высшим хищником полуостровной Малайзии 
и, как известно, охотится на различные виды млекопитающих в пределах естественной среды обитания. 
Исследования поедания растений в рационе хищников, включая тигров, ограничены. Тем не менее, из-
учение рациона малайского тигра дает ценную информацию, расширяющую понимание экологии хищ-
ников. Анализ рациона питания с помощью метабаркодирования ДНК фекалий может дать подробную 
и полезную информацию. Целью данного исследования было выявление растительных компонентов в 
экскрементах малайского тигра в дикой природе с помощью передового высокопроизводительного сек-
венирования, в частности, метабаркодирования trnL ДНК. Сбор образцов фекалий проводился в местах 
обитания малайского тигра, включая особо охраняемые природные территории (ООПТ) и зоны конфлик-
та между человеком и тигром. В ходе исследования был использован метод метабаркодирования ДНК, 
что позволило идентифицировать в общей сложности 52 семейства растений на основе ДНК, выделен-
ной из 18 образцов фекалий малайского тигра. Существенных различий в разнообразии между двумя 
типами местообитаний, относящихся к ООПТ и зонам конфликта между человеком и тигром, обнаруже-
но не было. В образцах фекалий малайского тигра преобладали семейства растений Poaceae, Rubiaceae, 
Euphorbiaceae и Fagaceae. Кроме того, наиболее распространенными родами растений были Panicum, 
Castanea, Renealmia, Mallotus и Uncaria. Некоторые из семейств и родов растений, выявленных в данном 
исследовании, могут быть полезны для здоровья малайских тигров, поскольку большинство из них при-
знано полезными для здоровья как людей, так и животных. Таким образом, данное исследование предпо-
лагает, что присутствие определенных видов растений в некоторых образцах фекалий малайских тигров 
может указывать на их потенциальную роль в самолечении или в качестве дополнительного источника 
питания. Однако, учитывая ограниченность прямых доказательств адаптивных преимуществ раститель-
ного материала в проанализированных образцах фекалий малайского тигра, необходимы дальнейшие 
исследования для выяснения экологического и физиологического значения потребления растений для 
этого вида. Следует уделить внимание этой пищевой потребности и оценить ее как фактор, способству-
ющий питанию и здоровью малайского тигра. Полученные результаты могут способствовать разработке 
эффективных стратегий сохранения малайского тигра.

Ключевые слова: здоровье, малайский тигр, метабаркодирование ДНК, плотоядное животное, расти-
тельноядность, секвенирование нового поколения
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