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Phyllanthus emblica and Phyllanthus pectinatus are both locally known as Malaca tree 
and have been used indiscriminately in Peninsular Malaysia to treat various ailments. 
Morphologically, they are very similar in juvenile and sterile form. In addition, the 
information on the anatomy of both species is still meagre. Thus, the present study 
aimed to determine the diagnostic morphological and anatomical characteristics to 
distinguish both Phyllanthus species. The methods used include field observation, fresh 
sample collections, herbarium specimen preparation, leaves sectioning using a sliding 
microtome, permanent slide preparation and observation under a light microscope. 
From the observation conducted, it was noted that the fruits of P. emblica were often 
found clustered at the leaf base, whereas, in P. pectinatus they were located at the end 
of the shoots only. The fruit endocarp of P. emblica was rounded, but sharply 3-angled 
in P. pectinatus. The mature tree bark of P. emblica was dippled but scrolled in P. 
pectinatus and the young shoots were usually yellowish green in P. emblica while often 
pink to red in P. pectinatus. Results from the anatomical examination showed 
significant difference where the adaxial midrib outline of P. emblica was nearly straight 
while concave in P. pectinatus; the spongy mesophyll consisted of 5–6 cell layers with 
small intercellular spaces in P. emblica and 7 cell layers with large intercellular spaces 
in P. pectinatus. The presence of a thick epicuticle layer was observed in P. pectinatus 
and thin in P. emblica. The occurrence of papillae at the abaxial epidermis cells was 
only noted in P. pectinatus. The presence of trichomes and calcium oxalate crystals 
were abundant in P. emblica while rare in P. pectinatus. In conclusion, a combination 
of these anatomical characteristics could be used as an alternative to distinguish both 
Phyllanthus species in juvenile and sterile forms to avoid misidentification before 
samples are utilized for further research or plant breeding and cultivation. 
 

Keywords: 
 
Morphology, Anatomy, P. emblica, 
P. pectinatus, Malacca tree 

 
INTRODUCTION 
 
The genus Phyllanthus is among the largest genera in the 
Phyllanthaceae family [1] with approximately 1000 species 
throughout the American, African, Australian and Asian 
continents [2, 3]. There are 127 Phyllanthus species 
recognized in the Malesian region [4], and they can be found 
in various habitats. Their morphology is also very variable 
owing to geographical distribution patterns [1]. Phyllanthus 
has long been used in folk medicine to treat kidney and 

urinary bladder problems, intestinal infections, diabetes and 
hepatitis B [5, 6]. Many Phyllanthus species have been 
reported to have pharmacological effects such as anti-
inflammatory, analgesic, antineoplastic, antihepatotoxic and 
antiallergic activities, HIV-1 reverse transcriptase inhibitor 
and mutagenic effect in bacterial [5].   

There are 78 Phyllanthus species in Peninsular Malaysia, 
of which 26 are non-native species [7] with documented 
ethnobotanical usage and descriptions of their morphology 
[8, 9, 10]. Additionally, a lot of the Phyllanthus species share 
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similar physical traits, making it challenging to distinguish 
between them at the species level [11, 12]. 

P. emblica L. (syn. Emblica officinalis Gaertn.) is 
perennial, deciduous tree or shrub and native to China, India, 
Sri Lanka and Southeast Asia including Malaysia and 
Thailand. In Peninsular Malaysia, it is found scattered in the 
lowland forest but is commonly found in the hills of north-
east Kelantan [13]. The distribution of P. pectinatus includes 
Sumatra, the Malesian region and Borneo [14]. Both species 
are locally known as Malacca tree in Peninsular Malaysia. 
Hooker (1890) [15] reported that morphologically, P. 
pectinatus was very similar to P. emblica, but differed in the 
branchlets and fruit form. Both species are valued as 
medicinal herbs and have been used by the local and 
indigenous community indiscriminately. However, limited 
information has been published on the traditional uses of P. 
pectinatus compared to P. emblica due to its limited 
distribution and misapplied name during publication. Nik 
Musaadah et al. (2022) [16] mentioned about the uses of P. 
pectinatus to treat diabetes and as an ingredient for herbal 
preparation. Meanwhile, P. emblica is used to control high 
blood pressure, to treat dysentery, dizziness, headache, fever, 
diuretic, laxative, dysentery, anaemia, jaundice, diabetes, 
cough, bronchitis [17, 18]. Among the major chemical 
constituents found in P. emblica includes alkaloid, 
benzenoid, coumarin, diterpene, flavonoid and sterol [5]. 
Meanwhile, in P. pectinatus among the chemical 
constituents documented are monoterpene, triterpene, lignan 
and flavanone [5, 19]. 

Anatomical studies were a systematic line of evidence 
used in combination with other systematic lines to arrive at 
a good taxonomic condition [20]. It also contributes a part of 
special references to systematic position of the taxa (i.e., 
noting the origin, natural distribution extent of cultivation 
and cultivars within species of plants) [21]. Previous studies 
proved that the anatomical characteristics (i.e., structure 
outline, vascular system types, presence of secretory canal or 
cells, cells inclusion and stomata and trichomes types) could 

be used for identification to distinguish the genus and species 
[22]. Sajjad and Sharif (2019) [23] discovered that P. 
urinaria and P. virgatus could be easily distinguished from 
others by using combinations of both morphological and 
anatomical features. Moreover, their studies also 
successfully differentiated 3 closely similar morphology 
species of P. amarus, P. debilis, and P. niruri using 
anatomical studies. 

In Malaysian forest, many wild trees of P. pectinatus are 
prominently mislabelled as P. emblica due to having similar 
morphology and lack of knowledge. Ng (2000) [14] reported 
that many had failed to notice the native trees in the forest 
are of a different species from the planted trees outside. 
Furthermore, [19] reported that a lot of studies have been 
performed on pharmacological activities and phytochemical 
analysis on the Malacca tree, a local name usually associated 
to P. emblica. However, those studies conducted might 
include sources from misidentified species of P. pectinatus 
and published as P. emblica. Besides that, the information on 
the anatomy of both species to date were still meagre. 
Therefore, the present study aimed to determine the 
diagnostic morphological and anatomical characteristics to 
distinguish both Phyllanthus species. 

 
MATERIALS AND METHODS 
 
Materials 
 
Fresh specimens of P. emblica and P. pectinatus were 
collected from several locations as listed in Table 1. The 
plants were identified and authenticated by botanist from 
Forest Research Institute Malaysia (FRIM). The herbarium 
specimens prepared were deposited in KEP Herbarium, 
Malaysia. 

Chemical solutions such as KEW Mix, safranin and 
alcian blue were purchased from Sigma-Aldrich Inc., USA. 
The euparal is manufactures by ASCO Laboratories, UK.

 
Table 1. Specimen collection of P. emblica and P. pectinatus studied 
 

Herbarium 
number Collector Locality Collection 

date 
No. of 

individuals 
QA-MT01/17 Mohamad Faizal S., Hairol Nizam H., 

Mohd Kafi J. 
Fruit Tree Arboretum, FRIM, 
Kepong, Selangor 

08.05.2017 3 

QA-MT02/18 Ummu Hani B., Nur Munirah S., 
Hafidz Hadi A. MARDI, Jerangau, Terengganu 15.07.2018 3 

QA-MT03/18 Ummu Hani B., Nur Munirah S., 
Hairol Nizam H. MARDI, Serdang, Selangor 30.07.2018 3 

QA-MT04/18 Ummu Hani B., Nur Munirah S., 
Mohamad Faizal S. MARDI, Serdang, Selangor 13.09.2018 3 

QA-MT05/21 Ummu Hani B., Hani Idayu B., 
Mohamad Faizal S., Hafidz Hadi A. 

SMK Bukit Baru, Bukit Beruang, 
Melaka 

18.06.2021 3 
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Morphological Examination 
 
The morphological features of both Phyllanthus species 
were inspected and compared with information gathered 
from literature reviews. The leaves cuttings with the 
presence of flowers and fruits were obtained for 
morphological characterization. The cuttings were then 
pressed, dried and mounted onto the herbarium sheets for 
species identification. Several flowers and fruits available 
were also preserved using KEW Mix solution (10:1:1:8) of 
methylated spirit (50%), formalin (5%), glycerol (5%) and 
purified water (40%) for further examination. Observation 
on the habitat and plant morphological characteristics (habit, 
tree trunk, bark, shoots, leaves, fruits, flowers) were also 
conducted at each sampling sites to capture the variations 
among the samples collected. Finally, the diagnostic 
characteristics of both species were determined. 
 
Anatomical Examination 
 
For the anatomical study, the specimens were fixed in AA 
solution (3:1) of ethanol (70%) and acetic acid (30%). The 
leaf parts (i.e., midrib, lamina, margin and petiole) were 
sectioned using a sliding microtome at 20-30 µm thickness 
before undergoing staining process in 1% safranin and 1% 
alcian blue. This is followed by dehydration process using 
ethanol solutions series (50%, 70%, 95% and 100%). The 
leaves sections were then mounted on the slide and covered 
with cover slip using euparal as fixation and placed for 
drying in the oven at 60 ºC for two weeks. Fixation and 
embedding followed the method by [24] and [25] with 
suitable modifications. Photomicrographs of the leaves 
sections were captured using Olympus compound 
microscope and images were processed using Top-View 
Standard software. All slides were deposited in the 
Microscopy Laboratory, FRIM. 
 
RESULTS AND DISCUSSION 
 
Morphological Characteristics 
 
The local name, pokok Melaka or Malacca tree has been used 
indiscriminately for both species of P. emblica and P. 
pectinatus in Peninsular Malaysia. They are popularly 
cultivated for their fleshy fruits that are rich in vitamin C.  

Both species were monoecious, deciduous, medium size 
tree, up to 36 m tall. From the field observation carried out, 
they had straight, terete bole up to 50 cm dbh (diameter at 
breast height) with a fluted base. They also had greyish-
brown to orange–brown bark. Meanwhile, the twigs were 
terete or angular, dark brown, glabrous to hirsute. Their 
leaves were alternate and distichously arranged, linear–
oblong or oblong with truncate, rounded or obtuse apex, 
shallowly cordate and slightly oblique base and had glabrous 
surface. In addition, the leaf texture was papery to leathery 

and had curved, curled back or narrowly revolute margin. 
Both species had very short petiole and brown, triangular to 
ovate stipule. Meanwhile, their inflorescences were fascicles 
with many flowers. Their flowers were green, yellowish 
white to white with very short pedicels. Moreover, the fruits 
were drupaceous, globose, 1–2 cm in diameter with fleshy, 
pale green or yellowish green exocarp. Each fruit contained 
one, crustaceous endocarp, green turning brown when 
mature. 

From this study, P. emblica could be differentiated from 
P. pectinatus in the field using the four characteristics as 
stated in Table 2. The fruits of P. emblica were found 
clustered at the leaf base (Fig. 1A), whereas, in P. pectinatus 
they only occurred swaying at the end of the shoots (Fig. 
2A). Other than that, the P. emblica fruit endocarp (hard 
stony structure containing the seeds) was rounded (Fig. 1B), 
but sharply 3-angled in P. pectinatus (Fig. 2B). Moreover, 
the matured tree bark of P. emblica was dippled (Fig. 1C) 
but scrolled in P. pectinatus (Fig. 2C). These characteristics 
also coincide with the findings by [14]. Furthermore, the 
young shoots of P. emblica were mainly yellowish green 
(Fig. 1D) or occasionally green and tinged with red at the 
apex as opposed to P. pectinatus shoots that were often pink 
to red (Fig. 2D). 
 
Anatomical Characteristics 
 
Anatomically, both P. emblica and P. pectinatus had circular 
petiole outline, abaxial midrib surface that was slightly 
convex and rounded to pointing slightly downwards margin. 
In addition, the petiole had closed, ‘O’ shaped vascular 
bundles, while the midrib had open vascular bundles. This 
finding was similar with the study previously conducted by 
[26]. Both species have one layer of epidermis cells, present 
at both adaxial and abaxial surfaces with the height to width 
ratio of 1:1–1:2, sclerenchyma cells that completely 
ensheathing vascular bundles and the absence of hypodermis 
cells. Others shared anatomical characteristics, which were 
the presence of mucilage cells, idioblast tannin cells, calcium 
oxalate crystals (i.e. solitary and drus form) in phloem and 
parenchyma cells of cortex and simple, uniseriate trichomes 
at petiole are commonly observed. The study also noted the 
abundance occurrence of tanniniferous cells, filled with 
brown contents that supported the findings by [27] in the 
family of Phyllanthaceae. 

Several leaf anatomical characters could be used to 
differentiate P. emblica and P. pectinatus when fruiting 
materials are unavailable as listed in Table 3 and shown in 
Fig. 3 and Fig. 4. The adaxial midrib surface of P. emblica 
was nearly straight (Fig. 3A), while concave in P. pectinatus 
(Fig. 4A). Moreover, the spongy mesophyll of P. emblica 
consisted of 5–6 cell layers with small intercellular spaces 
(Fig. 3B) as compared to having 7 cell layers with large 
intercellular spaces in P. pectinatus (Fig. 4B). Another 
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Table 2. Diagnostic morphological characteristics to distinguish P. emblica and P. pectinatus that occur in Peninsular Malaysia 
 

Characteristics P. emblica P. pectinatus 
Fruit position Clustered at the leaf base End of the shoots 
Fruit endocarp shape Rounded Sharply 3-angled 
Bark type (matured tree) Dippled Scrolled 
Young shoots colour Yellowish green Pink to red 

 

 
Figure 1. P. emblica L. (A) Fruits clustered at the base of the leaves. (B) Fruit endocarp rounded. (C) Matured tree bark dippled. (D) Young 
shoots yellowish green 
 

 
Figure 2. P. pectinatus Hook. f. (A) Fruits located at the end of shoot. (B) Fruit endocarp sharply 3-angled. (C) Matured tree bark scrolled. 
(D) Young shoots pink to tinged red 
 
Table 3. Diagnostic anatomical characteristics of P. emblica and P. pectinatus in Peninsular Malaysia in the absence of fertile materials 
 

Characteristics P. emblica P. pectinatus 
Midrib outline   Adaxial– nearly straight  Adaxial– concave shaped  
Spongy mesophyll  5–6 layers of cells  7 layers of cells  
Intercellular spaces Small Large   
Abaxial Epidermis cells   Not projected into papillae  Projected into papillae  
Petiole trichome  Present in abundance  Few present  
Calcium oxalate crystals  Present in abundance in phloem and parenchyma cells of cortex Few present  
Epicuticle layer  Thin   Thick  
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Figure 3. Transverse section (TS) of P. emblica L. (A) Midrib with nearly straight adaxial (red arrow). (B) Spongy mesophyll with 5-6 cell 
layers with small intercellular spaces (red arrow). (C) The presence of simple, uniseriate trichomes cells in abundance at petiole. (D) 
Abundance of calcium oxalate crystals (red arrow) and (E) Thin epicuticle layer (red arrow) 
 

 
Figure 4. Transverse section (TS) of P. pectinatus Hook.f. (A) Midrib with concave adaxial (red arrow). (B) Spongy mesophyll with 7 cell 
layers with large intercellular spaces (red arrow). (C) The presence of few simple, uniseriate trichomes at petiole. (D) Calcium oxalate crystals 
(red arrow). (E) Thick epicuticle layer (red arrow). (F) Abaxial epidermis cells projected into papillae (red arrow) 
 
diagnostic anatomical feature was the epicuticle layer that 
was thin in P. emblica (Fig. 3E) but thick in P. pectinatus 
(Fig. 4E). On the other hand, the presence of papillae at the 
abaxial epidermis cells was only noted in P. pectinatus (Fig. 
4F). Furthermore, the presence of trichome cells and calcium 
oxalate crystals (solitary and druse) were abundance in P. 
emblica (Fig. 3C) and rare in P. pectinatus (Fig. 4C). 

The study by [28] revealed that the mesophyll layers and 
intercellular spaces in the spongy mesophyll might be useful 
characteristics for differentiating Phyllanthus species. 
Moreover, [23] study also found that epidermal shape and 
circumference was useful to differentiate P. amarus from             
P. niruri and P. debilis and with additional combination 
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feature of hypodermis layer, it further helped distinguished 
P. niruri and P. debilis. 

In conclusion, by using several combinations of 
anatomical features such as adaxial midrib outline, number 
of cell layers and intercellular spaces on the spongy 
mesophyll, epicuticle layer type and abaxial epidermis cells, 
both P. pectinatus and P. emblica could be successfully 
distinguished when dealing with young immature plant 
samples or fruiting materials were unavailable for species 
identification. Species verification is important when 
sampling closely related species in juvenile and sterile forms 
to avoid misidentification before samples are utilized for 
further research. 
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