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ABSTRACT
Shorea macrophylla is also named as ‘Engkabang’ (Iban), ‘Kawang’ (Brunei), and
‘Tengkawang’ (Indonesia). It belongs to the Dipterocarpaceae family and is categorised
under the genus Shorea, which can be found in the tropical rainforests in Southeast Asia.
It prefers wet habitats, such as in periodically flooded alluvium and riverbanks. The tree
size of S. macrophylla is medium or large; however, some researchers in Kalimantan claim
it is a small tree. The flowering and fruiting systems of most Dipterocarps, including S.
macrophylla, are irregular, but there is a massive flowering event once every few years.
Its genetic structure is characterised by moderate genetic diversity within species and
populations, as well as high genetic differentiation within local populations. Shorea
macrophylla, also known as the Light Red Meranti, is a suitable timber supply for light
construction work. It produces illipe nuts that are widely used as cocoa butter replacer fat.
Wildlife eats the ripe illipe nuts, which contain a high oil content with mostly beneficial
unsaturated triglycerides. The fat extracted from the nut are suitable for cosmetic
application as it provides a good moisturising effect. Future investigation into the illipe
nuts’ composition and other potential uses should be carried out.
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Shorea macrophylla, also known as
Engkabang tree by the locals, are grouped
under the Dipterocarpaceae family.
Dipterocarpaceae, including S. macrophylla,
is mainly distributed in Southeast Asia,
and they favoured the periodically flooded
alluvium and grew wild by the riverbank. Its
fruit, the ‘illipe nut’, is rich in oil content,
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and thus S. macrophylla is also named the
‘butter in the forest’ by the locals. The
illipe nut is one of the foods consumed by
wild animals such as fish. Interestingly,
Tor tambroides preferred high proteinenergy content, including Engkabang fruit,
which could be the main contributor to
its sweetness-enriched flesh (Rahman &
Basri, 2013). However, the flowering and
fruiting of all the dipterocarps, including S.
macrophylla, is irregular (Mathiesen, 1994).
There is a mass flowering occurrence once
every few years, and the locals would collect
the illipe nuts and dry it for a prolonged
storage purpose for other uses later (Chai,
1998). According to Chai (1998) as well
as Sulistyawati and Widyatmoko (2018),
Shorea gysbertsiana Burck, a species from
the same genus, is another name for Shorea
macrophylla. However, Nurtjahjaningsih et
al. (2012) found that the allele frequencies
of these two species are different, indicating
that they are closely related but not the same.
DISTRIBUTION OF SHOREA SPP.
The tropical rainforests of Borneo,
Malaysia, Indonesia, and the Philippines
are abundant in Shorea macrophylla and
other Dipterocarp species (Chai, 1998; Ng
et al., 2002). It prefers the wet habitats,
which can be found in periodically flooded
alluvium and along some riverbanks up to
1,500 metres above sea level, but with rare
and scattered distributions across hillsides
below 600 metres (Kanzaki et al., 1996;
Lee et al., 1997; Ng et al., 2002). Shorea
macrophylla is flood-tolerant, and according
to Kenzo et al. (2007), S. macrophylla is a
664

drought intolerant species and should be
planted in high soil moisture or clay-rich
conditions to avoid drought. According
to USDA Soil Taxonomy, the soil type of
S. macrophylla area consists of sand, silt,
clay, and loam texture, is also known as the
Grey-White Podzolic soil group (Adanan et
al., 2020; Perumal et al., 2015). Although
the Grey-White Podzolic soil is not suitable
for most agricultural activities since it is
developed through intense weathering and
has a friable structure that could promote the
occurrence of soil erosion, Shorea species
are adaptable in extreme conditions, and
they can grow well in this soil type as well
(Leysia, 2012; Perumal et al., 2013). GreyWhite Podzolic soils are pale in colour with
weak to strong subangular blocky texture
(Adanan et al., 2020). According to an
analysis conducted by Adanan et al. (2020)
at Sabal Forest Reserve (Sarawak), they
found out the Grey-White Podzolic soils
are strongly acidic with high contents of
exchangeable aluminium and low contents
of exchangeable bases, with a clay content
of 9.3% to 27.9% in different plots. Clay
deposition adds to limited water retention,
which may be linked to the occurrence of
large floods in the habitat of S. macrophylla
(Perumal et al., 2015).
MORPHOLOGICAL
CHARACTERISTICS OF SHOREA
MACROPHYLLA
Shorea is the largest member of the
Dipterocarpaceae family, and it is the
emergent or main canopy of the forest. The
genus Shorea is classified into 11 sections,
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each with its androecium characteristics
(Ashton, 1982). The species within
sections are defined principally by their
leaf morphology and tomentum (Ashton
et al., 1984). However, identifying species
morphologically is challenging for Shorea
species as the appearances of the species
grouped under this genus are relatively
similar (Rosdayanti et al., 2019). Several
studies on the morphology of S. macrophylla
have been carried out. However, there
are differences in the identification of
morphological characteristics among
researchers in Malaysia and Indonesia.
According to Hotta (1997), who conducted
his research in West Kalimantan, S.
macrophylla is a small tree with subpersistent stipules, outside tomentose, with
leaf midribs that are usually pubescence
and a mature tree height of 15 to 20 metres.
However, the tree size of S. macrophylla in
Sarawak, Malaysia, according to Lee et al.
(1997), is medium or large, reaching up to
50 metres in height, four metres in stem girth
at breast height, and two metres in buttress
height. The description of Lee et al. (1997)
is consistent with the S. macrophylla species
observed in the planted plot at Semenggoh
Wildlife Centre under Sarawak Forestry
Corporation. It has large leaves, ellipticoblong, base obtuse or subcordate, 13 to
18 pairs of prominent, well-spaced nerves
and hairy midrib above, petiole stout, bark
smooth or shallowly scaly, bole short (Ng
et al., 2002). They are arranged in alternate
forms, with secondary and tertiary veins
visible or a three-centimetre long leaf stalk
with leaves around 40 centimetres long
(Riska & Manurung, 2018).

Shorea macrophylla had a smooth and
brownish-green bark in its early stages of
growth, which progressively evolved into
an elderly tree with cracking and flaking
(Chai, 1998; Riska & Manurung, 2018).
Windyarini and Hasnah (2015) describe the
stipule shape of S. macrophylla as spearshaped, blunt, or elliptic, with a length
of 5 cm and a width of 1.3 cm. They also
discovered that a ten months-old Shorea
plant might grow to a height range of
67.19 to 88.79 cm with a diameter of 9.65
to 10.33 mm and sturdiness of 7.0 to 9.21
(Windyarini & Hasnah, 2015). Figures
1(A) and 1(B) show the images of adult S.
macrophylla tree and their canopy view.
According to Sidi et al. (2021)’s research
on insect pest studies on S. macrophylla,
foliage damage was primarily caused by
hairy caterpillars from the Lymantriidae
in the early stages of tree development,
where the most prevalent foliage was ‘hole
damage.’
Researchers met difficulties in
classifying Shorea species due to their
large sizes, unpredictable flowering season,
and the absence of reproductive structures
most of the time. Furthermore, several
closely related and morphologically similar
species may co-occur, making it confusing
to identify their species without using any
molecular approach (Moura et al., 2019).
FLOWERING AND FRUITING OF
SHOREA MACROPHYLLA
The flowering and fruiting systems of most
Dipterocarps, including S. macrophylla, are
irregular. However, according to Chai (1998)
and Mathiesen (1994), S. macrophylla
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(A)

(B)

Figure 1. Diagram of the canopy of Shorea macrophylla (A) and adult S. macrophylla tree reaches a height
of about 50 meters (B) taken from Engkabang plot in one of the natural reserve centres named Semenggoh
Wildlife Center under Sarawak Forestry Corporation

flowering occurs between September
and October, with fruit ripening between
January and March. Flowering may begin
around 15 to 16 years; however, it may
take several years before the next flowering
occurs (Chai, 1998). The Dipterocarp trees
flower yearly, although the flowering and
seed production is limited. However, once
every few years, a massive flowering event
yields many seeds (Chai, 1998). The mass
flowering phenomenon might be due to
the combination of an aseasonality forest
and the flowering system of dipterocarps
itself (Appanah, 1993). An aseasonal forest
is defined as a forest that does not have a
consistent annual dry season and receives
an average annual rainfall of around 2,900
mm (Appanah, 1993; Chandler et al.,
666

2021). Plant phenological patterns, such
as flowering, fruiting, and leaf change, are
always more regular in a seasonal area,
such as tropical America, than in aseasonal
zones of Southeast Asia (Appanah, 1993).
According to Ng et al. (2002), a significant
level of inbreeding revealed that mating
occurs primarily among relatives or closely
related species, possibly due to the bigger
fruit of S. macrophylla. As evidenced by
their living environment, which is prone
to continuous flooding, S. macrophylla is
tolerant of soil acidity and well-adapted
to harsh living conditions (Perumal et al.,
2013). Shorea macrophylla grew well in
canopy gaps, according to Grubb (1977).
Perumal et al. (2021) conducted
a study on the growth performance of
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different seedling ages of S. macrophylla
and found that the survival rate decreased
with increasing seedling age, with the
three months old seedlings outperforming
the six-, nine-, and twenty-four-monthold seedlings throughout the experiment.
Therefore, they recommend keeping the
three-, six-, and nine-month-old seedlings as
planting material while keeping the twentyfour-month-old seedlings planted during the
unpredictable fruiting interval (Perumal et
al., 2021). Due to the inconsistent flowering
of S. macrophylla, various studies have been
conducted to determine the optimum way
for its plantation. For example, Lo (1985)
used a cutting technique in which singlenode leafy cuttings from node two with
1,200 ppm and 3,600 ppm indole-3-butyric
acid (IBA) were found to root better than
the control plant samples.
In a fertilizer study conducted by
Perumal et al. (2019), all types of fertilizers
are advantageous in raising the seedlings
in a nursery; however, jellyfish fertilizer
with nitrogen: phosphorus: potassium
ratio of 13.1: 1.7: 0.03 was the best for all
morphological quality features compared to
two others fertilizers tested, which are the
chemical fertilizer (control) and controlledinstant release fertilizer, except for the root
to shoot ratio which it still reached the
average root to shoot ratio values (Perumal
et al., 2019). Furthermore, the jellyfish
fertilizer, which has a high percentage
of organic matter (approximately 81%),
is important for enhancing the physical
structure of soil and, as a result, increasing
soil moisture (Perumal et al., 2019).

GENETIC DIVERSITY AND
DIFFERENTIATION OF SHOREA
MACROPHYLLA
According to Kanzaki et al. (1996), S.
macrophylla ’s genetic structure is
characterised by moderate genetic diversity
within species and populations, as well as
high genetic differentiation within local
populations. Their moderate genetic
diversity may be due to their limited
dispersion in their environment and the
immovability of their heavy fruit. These
ecological features are most likely to
contribute to the low gene flow among the
local population (Kanzaki et al., 1996). The
measured population genetics statistics of
the plantation population were lower than
those of the other populations, according
to Utomo et al. (2018). Nurtjahjaningsih
et al. (2012) developed microsatellite
markers for four species of Shorea plants
using the microsatellite primer of Shorea
curtisii. Their findings revealed that the
genetic diversity of all the plants, including
S. macrophylla, had high genetic diversity
and the inbreeding coefficient fit the HardyWeinberg equilibrium. Besides, among the
Shorea species, S. macrophylla is closely
related to S. gysbertsiana (Nurtjahjaningsih
et al., 2012).
USES OF SHOREA MACROPHYLLA
Timber or Reforestation Sources
Shorea macrophylla, also known as the Light
Red Meranti, is a suitable timber supply
commonly utilised for light construction
work (Ng et al., 2002; Yunanta et al., 2014).
However, this timber is not resistant to
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exposed conditions and cannot be treated
with preservatives, so it is only suitable
for interior wall boarding in construction
(Chai, 1998; Wong, 2009). Furthermore,
Ismaili et al. (2016) showed that Engkabang
was classified under-strength group SG6,
which is close to Acacia mangium, which
was grouped in SG5, and concluded that
Engkabang is suitable for furniture making
and other non-structural applications.
Its fast-growing ability is due to its soft
to medium texture timber structure, so this
species is ideal for reforestation. The tree
can reach a diameter of 50 to 60 cm at breast
height (dbh) in about 20 to 30 years and
continue regenerating after 15 to 16 years on
the plantation (Ng et al., 2002). According
to Lee et al. (1997), the average height of
S. macrophylla was 19 metres after 21 years
of planting, beginning in May 1973 with the
first evaluation.
Besides being fast-growing, S.
m a c ro p h y l l a h a s o t h e r b e n e f i c i a l
characteristics for reforestation, such as
its ability to adapt to harsh conditions
(for example, flooding) (Indriani et al.,
2019). Furthermore, fast-growing trees are
important for changing the microclimate
and soil’s physical and chemical qualities,
reducing understory temperature and
humidity fluctuations, and providing
better light for seedling development
(Nawar, 2012). Therefore, S. macrophylla
is an excellent candidate for reforestation
purposes. The only problem with using S.
macrophylla as a reforestation subject is
the difficulty in obtaining a huge amount
of readily available seeds because their
668

viability is limited and they are mainly
found in forests, and sampling is more
difficult than those available in nurseries
(Chai, 1998). Based to Tsumura et al.
(2011), the amount of tax paid for imported
wood is determined by their classified
group, with S. macrophylla belonging to the
Red Meranti group being among the highest
tax timber. However, some Shorea species
have been misclassified, resulting in a lower
tax rate paid than it should be. Although
identifying Shorea wood can be done by
those well-trained and experienced in a few
days, DNA analysis is recommended for a
more accurate and convenient identification
among species (Tsumura et al., 2011).
Illipe Nut
Shorea species such as S. macrophylla
produce illipe nuts, known as ‘butter’ in the
forest, and are widely used as cocoa butter
replacer fat (Nesaretnam & Ali, 1992).
The term ‘illipe’ came from South India to
describe the nuts of Bassia species of the
Sapotaceae family, as well as the Mowrah
nuts of B. latifolia (Nesaretnam & Ali,
1992). Since then, the name ‘illipe’ has come
to be used to refer to any oil-bearing nut
with similar characteristics (Nesaretnam &
Ali, 1992). The illipe nuts are large and have
long calyx, which looks like a badminton
shuttlecock, and they have a high oil content
of 45% to 70% (Chai, 1998; Nesaretnam &
Ali, 1992). Therefore, they are cultivated by
the locals for their daily needs and as raw
materials for other commercialised products
(Nesaretnam & Ali, 1992). However, locals
do not plant this plant in large quantities;
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instead, they are mostly found in the forest,
primarily for local use, and some are for
exportation.
Their size and oil content governed the
value of nuts; a bigger nut with more oil
content is more valuable (Chai, 1998). The
oil is yellow in colour and solid in nature
(Roslan et al., 2019). Illipe nuts have a fat
level of 52% to 53.9%, and they are high in
C16, C18, and C18:1, making them a viable
substitute for cocoa butter (Nesaretnam &
Ali, 1992). Because the seed is recalcitrant
and has a short viability period (Lo, 1985;
Tompsett, 1998), it must be collected as
soon as it falls and immediately placed in
water (temporarily stored) to avoid direct
germination, or else the fat will be utilised
for seed germination and the oil content
of nuts will be reduced (Chai, 1998).
Submersion of the nuts in water can cause
the seed coat to crack, yet it can also protect
the seed against insect attack (Chai, 1998).
Therefore, the seeds are removed from their
coatings and dried under the sun to reduce
moisture content (Chai, 1998; Nesaretnam
& Ali, 1992). The dried seed can be stored
longer than usual and is usually used for oil
extraction (Lo, 1985).
Several studies have been conducted to
determine the suitability of the oil derived
from illipe nuts, also known as ‘Engkabang
fat’, for use in the food industry. According
to a study by Nesaretnam and Ali (1992),
Engkabang fat has properties similar to
cocoa butter fat. They also made chocolate
using Engkabang fat and palm-mid fraction
(PMF), which is a fraction from a palm
that is rich in palm olein (POP), which is

also known as desaturated triacylglyceride,
proving that it is a suitable alternative to
cocoa butter equivalent (CBE) fat, which
is useful to substitute with cocoa butter that
has a high demand in the market. The liquid
fraction of Engkabang fat was more enriched
with unsaturated triacylglyceride (TAG),
suggesting that it might be used to make
margarine or as a raw material for cosmetic
products (Yanty et al., 2013). CanolaEngkabang fat blends have thermophysical
qualities similar to lard, according to Illiyin
et al. (2013). The proportion of palmitic
and stearic acids increases as Engkabang fat
(EF) is added to canola oil (CaO), whereas
the amount of oleic and linoleic acids drop,
and this makes their blending to be similar to
lard (Illiyin et al., 2013). Roslan et al. (2019)
conducted a continuing study to determine
the composition. Physical features of
Engkabang fat and canola oil blending
before and after transesterification with
Mucor miehei lipase; and they concluded
that the slip melting point (SMP) value of
the blended canola oil with Engkabang fat
that has been interesterified for six hours
is most closely related to lard (Roslan et
al., 2019). Since the illipe nuts have high
commercial value as they are suitable
to be used in the food industry, the only
problem is the limited seed production due
to the unpredictable flowering and fruiting
season of the Dipterocarpaceae family.
More research can be done to understand the
flowering and fruiting system of dipterocarp,
as well as the long-term storage of the nuts
for future analysis or use.
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Natural Feed for Animals
Wild boar, woodpeckers, foxes, rodents,
freshwater fish, squirrels, and local reindeer
eat the illipe nuts, which contain a high oil
content with mostly beneficial unsaturated
triglycerides (Chai, 1998). The Shorea
fruit is commonly consumed by riverine
carp species, such as the Tor tambroides,
also known as mahseer or empurau, as part
of their natural diet. Tor tambroides are
riverine cyprinids classified as endangered
(Kamarudin et al., 2017). They are in high
demand and command a high market price
of up to RM800 per kilogram, depending
on their size, grade, and origin (Entri,
2013). The cooked empurau reached up to
RM1,300 per dish (Harith & Hassan, 2011).
The special taste of the T. tambroides might
have been adapted from the consumption
of Engkabang fruit (Redhwan & Komilus,
2021). Kamarudin et al. (2017) researched
the performance of crude illipe oil extracted
from S. macrophylla as a dietary lipid source
for riverine cyprinid T. tambroides. Their
findings revealed that increasing dietary
illipe oil levels had no significant impact
on survival, growth performance, feed
utilisation, body indices, lean percentage
of T. tambroides juveniles, or whole-body
proximate composition of the fish. However,
generally, saturated fatty acids (SFA) and
monosaturated fatty acids (MUFA) in the
fish were found to be significantly higher
after the feeding, but polyunsaturated fatty
acids (PUFA) in the fish were lower after
the feeding compared to control groups
(Kamarudin et al., 2017).
670

Because of its growing region in the
forest near riverbanks, Engkabang fruit
is mostly used as a feed for several fish
species; however, the data on Engkabang
fruit as the natural feed of other animals is
limited. Since the Engkabang fruit might
give the empurau a distinct flavour, a study
can be done into the factors that might
cause a special aroma or taste. In addition,
the Engkabang fruit might be tested as a
food source for other animals to determine
whether it can cause changes or specific
tastes, similar to the T. tambroides.
Moisturising Agent for Lipstick
Norazlin et al. (2015) researched using
Engkabang as the softening agent that
could improve lipstick formulation by
promoting moisturising protection. The
lipstick containing the Engkabang fat
worked better than the control lipstick
(that did not contain the Engkabang fat)
in their study. Engkabang fat, which has
a lower melting point, offers the lipstick a
suitable hardness and better spread-ability.
Furthermore, Engkabang fat can also
prevent moisture loss twice better as the
control lipstick formulations, comparable
to commercially available lipstick.
Another research was done by Rahman
et al. (2011), who compared the suitability of
Engkabang fat and Engkabang fat ester as an
ingredient for cosmetic applications. Based
on the properties and characteristics of the
fat, their findings showed that Engkabang fat
is suitable for cosmetic use, while Engkabang
fat esters outperformed Engkabang fat in
terms of moistening impact (Rahman et al.,
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2011). Furthermore, the hydration values
of the formulations, including Engkabang
fat and esters, were higher than the control
(Gani et al., 2010). All this could be due to a
polar head group and the long hydrophobic
tail of the Engkabang fat esters, which can
act as a humectant and occlusive agent.
The occlusive characteristics keep the
skin moisture by reducing evaporation
by forming a layer on the skin (Gani et
al., 2010). Therefore, if the availability
of Engkabang fruits can be increased,
they might be proposed as the ingredient
in cosmetic and healthcare products, as
customers might prefer plant fat over animal
fat.
FUTURE PROSPECT
Shorea macrophylla is a versatile plant
used as timber and reforestation sources.
Its fruit, the illipe nuts, are high in fat,
which can be used as cocoa butter replacer
fat and as animal feed. However, the
studies conducted on Engkabang are still
quite limited regarding their flowering
and fruiting cycle or the Engkabang fruit
itself. Since the Engkabang can be used for
reforestation purposes, more research on
how to optimise their growth can be done
to learn more about the reforestation of this
plant species and their supplementary uses.
Furthermore, the illipe nuts are believed
to provide nutritious food sources for
industrial or agricultural applications. They
are still underexplored due to the difficulty
in obtaining these nuts, as the bearing of
the nuts occurs only once every few years.
However, their uniqueness and potential

commercial value are intriguing and worth
exploring. The International Union for
Conservation of Nature (IUCN) categorised
S. macrophylla as vulnerable back in the
year 1998; however, it is listed as the least
concern after being revised in the year 2019,
so more research and investigation such as
composition and other potential uses of the
illipe nuts should be done to understand S.
macrophylla and the illipe nuts further.
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