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ABSTRACT
Diversity study of insects was conducted in oil palm estate, and adjacent forest area in Bau, Sarawak. A total of
676 individual ITom 87 species were captured using bare hand and aerial nets. Shannon-Weiner index showed
that species di versity was higher in the forest area (3.476) and lower in the oil palm plantation area (3 .175). The
abundance of individuals was also higher in forest area with total of 366 individuals compared to the oil palm
plantation with only 257 individuals. This result indicates that oil palm plantation is not suitable habitat for
insect. There are four species of abundance insects that selected for nutritional analysis determination. The
species are Oecqphylla smaragdina, Acropyga sp., Valanga sp., and Polyrhachis sp. The highest protein content
from four species studied found in Acropyga sp . with 88.67% while for the highest crude fat content was showed
in the Valanga sp. with 40.44%. The phosphorus content was highest in Oecophylla smaragdina with 22.57
mg/g.
Keyword : Oi l palm plantation, species diversity, insect, nutritional composition

ABSTRAK

Penyelidikan kepelbagaian serangga telah dilakukan di kawasan ladang kelapa sawit dan kawasan hutan
bersebelahan dengannya di Bau, Sarawak. Sebanyak 676 individu dari 87 spesies yang di tangkap menggunakan
tangan dan jarring. Berdasarkan Shannon-Weiner Index. kepelbagaian spesies lebih tinggi di kawasan hutan
(3.476) dan lebih ret/dah di kawasan ladang kelapa sawit (3.175). Kelimpahan individujuga di temui di kawasan
hutan dengan jllmlah individu sebanyak 366 berbanding dengan hanya 260 individu di temui di kawasan ladang
ke/apa sawit. Ini menunjukkan kawasan ladang ke/apa sawit adalah tidak sesuai bagi habitat serangga. Terdapat
empat spesies yang mempunyai kelimpahan yang tinggi telah di pilih untuk di lakukan kajian terhadap
kandungan komposisi gizinya. Empat spesies serangga yang di pilih adalah Oecophylla smaragdina. Acropyga
sp.. Va/anga sp .. dan Polyrhachis sp. Kandungan protein yang paling tinggi dari empat spesies yang di kaji
ada/ah Acropyga sp. dengan 88.67% manaka/a kandungan lemak paling tinggi adalah pada Valanga sp. dengan
40.44%. Kandunganfosforus ada/ah paling tinggi pada Oecophylla smaragdina dengan 22.55%.
Kata kunci : Ladang ke/apa sawit, kepelbagaian spesies. serangga, komposisi gizi
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1.0 INTRODUCTION
Insects are one of the widely distributed groups of animals in the world and are found
everywhere on land and in freshwater (Hills and Abang, 2005). They are among the most
diverse group of animals on the planet and include more than a million described species and
represent more than a half of all known living organisms (Chapman, 2006).
Insects represent an important food source for a wide variety of animal species
(Srivastava et al.. 2009). Many toads, frogs, turtle, snakes and lizards consume insects as a
major part of their diet. In addition, many birds species like purple martins, bam swallows,
warblers, and swifts are depend on plentiful supply of insects to survive. There are even some
insectivorous mammals that depend on insects as their food sources like shrews, moles, bats,
annadillos) and anteaters (Srivastava et al.. 2009).
Nutritionally, insects are high in protein, fat, and many of the important vitamins and
minerals (Srivastava et al.. 2009). According to Ohio State University (1991), 100 grams of
insects provide more than 100% of the daily requirement of the perspective mineral and
vitamins. Due to their high nutritional value, insects have been served as traditional foods in
most cultures of non-European origin and have played an important role in the history of
human nutrition not only in western North America, but also in Africa, Asia, and Latin
America (Ramos, 1997).
The island of Borneo is known for its highly diverse tropical rainforest with high
humidity and rainfall throughout the year (Payne et al.. 2005).

One of the most rapidly

expanding crops in the tropics is oil palm Elaeis gllineensis (Fitzherbert et al.. 2008). About
80% of global palm oil production occurs in Malaysia and Indonesia (Fitzherbert et al.. 2008).
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According to Bos (2007), the diversity of insects in agroforests is strongly affected by
the type of agroforest and by subsequent changes in management. The species richness of
canopy beetles remained in extensive timber plantations similar to that of nearby forest sites,
but species richness declined sharply in intensive, homogeneous oil palm plantations (Chung
et al.. 2000).

Whether an animal species is present or absent in an agroforest depends on favorable
habitat characteristics. Because fruit-feeding bird and butterfly species in agroforests have
been related to food resources provided by shade trees (Perfecto and Armbrecht, 2003), their
occurrence in agroforests is threatened by shade tree removal. Ant communities are affected
by shade tree removal and by structural changes that are represented by losses of nesting
availability (Philpott et al., 2006).
Oil palm expansion by cutting trees hence cause of tropical deforestation and habitat
loss (Casson, 2003). There is impact of forest conversion to oil palm on insect abundance
(Turner and Foster, 2008). This ecosystem-wide loss of insects is probably due to the
dramatically altered structural habitat and harsher environmental conditions in plantations.
Deforestation for agricultural activities will become a major contributor to the
worldwide loss of biodiversity (Bryant et al., 1997). Donald (2004), suggest that rubber and
oil palm plantations are particularly poor habitats for wildlife and offer little environmental
compensation for forest loss. The detailed study done by Danielsen and Heegaard (1995),
documented the almost complete loss of most vertebrate taxa as forest was converted to oil
palm plantation.
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Based on the research above, I predict that the adjacent forest area is a better and more
favorable habitat for insects. In terms of insect diversity and abundance, I predict that the
diversity of insect wj11 be high in the forest and low in an oil palm plantation. In addition, the
nutritional value in insects is predicted to be different between species.
To test the hypothesis stated, we set up a line transect at each forest area and oil palm
plantation. The insect was collected at each site and by the result of the collected insects; we
can make some inference about choice of favorable and ideal habitat for insects. The most
abundant insects captured at study sites were selected for nutritional analysis.
The objective of the study was to compare the diversity of insects in oil palm
plantation and the adjacent forest patch in Bau, Sarawak. In addition, the objective is also to
determine the nutritional contents of selected insects that are encountered at the study sites.
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1.0 LITERATURE REVIEW
2.1 Insects in forest versus plantation
Holloway et af. (1992) carried a study on the response of some rain forest insect
groups to logging and conversion to plantation. The samples was taken from Danum Valley
Field Centre which all 'macro-moths' (Cossoidea, Zygaenoidea, Bombycoidea, Noctuoidea,
Geometroidea) was collected. The first study sample was in undisturbed forest where the
understorey is relatively clear and the canopy not entirely closed, the second study sample was

in the forest edge and the third study sample was made in an area of disturbed forest which the
area had been cleared. The result shows that forests have higher diversity than the forest edge,
and both have significantly higher diversity than the sample from logged forest.
The study done by Chang et af. (1997) shown that overall, total arthropod abundance
declined by 67.2% in the ferns, 2.3% in the canopy and 77.1 % in the litter between primary
forest and oil palm plantation, while total arthropod biomass declined by 87.5% in the ferns,
37.9% in the canopy and 72.4% in the litter. There was generally a lower abundance and
biomass of non-social arthropods, ants and termites in the oil palm plantation compared with
the forest habitats. ~oth a~undance and biomass of ants in the ferns were significantly lower in
the oil palm than in the primary and logged forest, with samples declining by 82.2% per fern
in abundance and 98.4% in biomass between the primary forest and oil palm. Their results
clearly demonstrate the dramatic negative effect that oil palm plantations have on the overall
arthropod community, which has only been shown before for specific taxa.
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According to Chung et al. (2000) in their research on the diversity of beetle
assemblages in different habitat types in Sabah, Malaysia, the beetle species richness and
abundance were lowest in the oil palm plantation compared with the acacia plantation. Seven
families of beetles were found in the oil palm plantation compared to acacia plantation, logged
forest and primary forest which have more than 10 families of beetles. Chung et.a/ (2000)
conclude that the abundance of subterranean and understorey beetles were considerably lower

in the plantations than in the forests. Understorey beetle numbers were lower in the oil palm
plantation compared with the acacia plantation. Species composition was also significantly
different between sites, but assemblages from the logged forest and the acacia plantation
tended to be much more similar to each other than to the plimary forest assemblages. The oil
palm plantation beetles were distinctly different from the rest of the sites. Some environmental
variables had apparently contributed to the changes in the beetle assemblage. The amount of
leaf litter correlated with the species richness, abundance and composition of subterranean
beetles.
According the study done by Turner and Foster (2008), there is an impact of forest
conversion to oil palm on arthropod abundance and biomass in Sabah, Malaysia. This study
was carried out at Danum Valley Field Centre (DVFC), Sabah Malaysia which focuses on the
arthropod distribution between primary forest, logged forest and oil palm plantation. From the
study, total arthropod abundance declined by 67.2% in the ferns, 2.3% in the canopy and
77.1 % in the litter between primary forest and oil palm plantation, while total arthropod
biomass declined by 87.5% in the ferns, 37.9% in the canopy and 72.4% in the litter. There
was generally a lower abundance and biomass of non-social arthropods, ants and termites in
the oil palm plantation compared with the forest habitats. Both abundance and biomass of ants
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in the ferns were significantly lower in the oil palm than in the primary and logged forest, with
samples declining by 82.2% per fern in abundance and 98.4% in biomass between the primary
forest and oil palm. This ecosystem-wide loss of arthropods is probably due to the
dramatically altered structural habitat and harsher environmental conditions in plantations.
Such an ecosystem-wide decline in arthropods is likely to have negative consequences on
overall biodiversity and ecosystem functioning in the plantation landscape.
Study done by Bruhl and Eltz (2010) on the community of ground-dwelling ants in
different plantation in Sabah, Malaysia revealed that the oil palm plantation ground ant
community was severely reduced in species richness in comparison to the forest interior. The
species richness in the primary forest site was on average five times higher than that of the
plantation sites. This result indicates that oil palm plantation habitats can sustain only about
5% of the ground-dweUing ant species of the forest interior. They also stated that the low
frequency and species number of forest ground ants indicates that oil palm plantation act as
effective dispersal barriers leading to community isolation in rain forest remnants.

2.2 Nutrient content of insect
Edible insect constitute an important part of the daily diet of a large proportion of the
population in southwe. tern Nigeria. These insect provide high quality of proteins, minerals
and vitamin even when dried. Banjo et at. (2005) determined the nutritional value of fourteen
species of edible insects in southwestern Nigeria. The highest amount protein (29.62 %) was
found in Analeptes trifasciate (rhinoceros beetle). This study also revealed that some of the
eets which are pests also have high nutritional qualities.
7

Research done by Ren et al., (2006), on the nutritional composition of Polyrhachis
vicifUl Roger (Edible Chinese black ant) showed that the ant powder contained 77000 lUll OOg

f uperoxide dismutase (SOD),56.6% of protein, 9.0% of fat, 13.2% of volatile oil, 6.0% of
moisture and 6.3% of ash. The result also showed that the protein and fat contents of the dried
ant were more than 40% for protein and less than 10% for fat. They stated that nutritional
values of dried ant should meet the need of people who require high protein and lower fat in

their diet.The research also found out that Polyrhachis vicina Roger contain 1754.0mg/kg of
calcium, 4481.8mglkg of potassium, 1030.5mglkg of magnesium and 1579.5mglkg of
phosphorus.
Akpan et al., (20 10) studied the proximate composition and some anti-nutritional
factors of four insects that are commonly eaten by some people in South Eastern Nigeria,
which consists of cricket (Gymnogryllus lucens), yam beetle (Heteroligus meles), palm weevil
(Rhynchophoros phoenicis) and grasshopper (Zonocerus variegates). The result revealed that
crude protein was ranged from (26% to 51 %) with cricket having the highest value of crude
protein (50.75%), followed closely by grasshopper (49.87%), 44.63% for palm weevil while

yam beetle having the lowest which is 37.63%. They also stated that all insects had low
carbohydrate coritents. Lipid or crude fat provides the ready source of energy for the body.
Crude fat values for the all insects were moderate, ranging from 20% to 32% with yam beetle
having the highest value and palm weevil having the lowest value of crude fat. Based on the
results of this work, it was concluded that crickets, grasshoppers, yam beetles and palm
weevils are non-toxic edible insects, rich in protein and caloric values.

8

3.0 MATERIALS AND METHODS
3.1 Study Area

Source: Google Earth 20 II
Figure 1: The location of study area at Bau, Sarawak.

The study was conducted at three sites in Bau (Figure 1) which consist of Jagoi, Duyoh
and Bratak oil palm estate. The sampling was carried out at Jagoi Oil Palm Plantation on 30 th
November 2010. While the sampling at Duyoh Oil Palm Plantation was carried out on 13 th
November 2010 and the last sampling was carried out at Bratak Oil Palm Plantation on 21 st
mber2010

.11 Jagoi Site
The GPS reading for each plot were as follows. Forest areas located at NOlO 23.900",
1100 2.288". While oil palm plantation areas located at N 01 ° 23.948", E 110° 02.237". The

age of oil palm at this site was about 17 years (Figure 2).
3.1.2 Duyoh Site
The GPS reading for each plot were as follows. Forest areas located at N 01 ° 20'33.8",

E 110°02'04.9". The oil palm plantation areas located at N 01 °20' 30.2", E 110° 02' 00.9".

The age of oil palm at this site was more than 15 years (Figure 3) .
•1.3 Bratak Site
The GPS reading for each plot were as follows. Forest areas located at N 01° 26'

21.3", E 110° 06' 14.2' and the oil palm plantation areas located at NOlo 26' 19.2", E 110°

06' 16.2". The age of oil palm at this area was about 8 to 10 years (Figure 4).
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Oil palm plantation area

The adjacent forest area

Figure 2: The sampling area at Jagoi site

Oil palm plantation area

The adjacent forest area

Figure 3: The sampling area at Duyoh site

Oil palm plantation area

The adjacent forest area

Figure 4: The sampling area at Bratak site
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.2 I.sed collection
The line transect of 50 meters long was randomly selected. Each was set up at oil palm
and at the adjacent forest area. Ten plots of 50 meters line transect was set up at

tion area. At each plot, two people were assigned to collecting the insects while another
person was assigned to record the insect encountered at each plots. At each plots, 30 to 45

• utes was spend for collecting and recording the insect.
The insect found within the area of line transect was collected using bare hand and for

erfly and dragonfly the aerial nets was used to captured the insect. The insects collected
killed using killing bottle that contain the chlorofonn. For insects that cannot be caught,
number of encountered at transect was recorded.
The insects were brought back to the laboratory for identification and for the
nutritional analysis. The identification follows Th e Insects of Borneo (Hill and Abang, 2005)

aad Malaysian Butterflies (Sen, 1989).
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donal analysis

The most abundance insect caught was selected for nutritional analysis. Four species of
selected for the nutritional analysis which are Oecophylla smaragdina (weaver ant),
IIIhi,.Mj,."t.C sp.

(black ant), Acropyga sp. (red ant) and Valanga sp. (grasshopper).

3.3.1 Determination of ash and organic matter
l'he empty crucible was weighed accurately and the sample was put into the crucible
was weighed again accurately. The crucible containing samples was put into the furnace

aad was labeled. The furnace was tum on and the temperature was set to 250 °C for 1 hour.
Then, the temperature was slowly increased to 500 °C. The sample was ash for 4 hours . Next,

the furnace was turned off and the samples were allowed to cool overnight. After cooling
process, the samples were taken out from the furnace and were allowed to cool in a desiccator

and then were weighed accurately.
To detennine the ash content, the following formula was used:
Weight of empty crucible . ............... . ...... ......... .

(WI)

Weight of crucible with sample . ... ... . .. .... ........ . .

(W2)

Weight of sample .. .. ... .. . ... ... ... ...... .... .. ... ...... . .

(W2-W1) = A

Weight of crucible with dry sample ................ .... .

(W3)

Weight of dry sample ... .. ... ... .. ... ............... . .... .

(W3-Wl) = B

Dry matter content (%) .. ... .... .. ... . . . .. . .. . .. . .. .. . ... .

(B /A) x 100

Weight of crucible with ash ....... . ... .... .... ....... .. .

(W4)

Weight of ash ............. .... .... . .. ... ....... ... ....... .

(W4-Wl)

Total ash (%).... ...... .. .. . ................. . .... . .. .. .... .

(C /B) x 100
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=

C

ash in the crucible was clissolved with 25 ml of 2N HCl. The solution was filtered
lumetric flask and the crucible was rinsed off with distiHed water and the washing
"

into the flask. Lastly. the filter paper was rinsed with distilled water and all the

cftllt

_DIIII was collected into the 100 ml flask and was mixed well and stored for mineral

.2 Determination of crude protein

The Kjeldahl method was used in determination of crude protein. Kjedahl method is
,_ _peel

by lohan KjedahJ in 1883(AOAC, 1999). It involves the determination of total

l*Iogcm content in the sample and converting this to crude protein by multiplying the N% by a
f6.25. There are three basic steps in crude protein determination. Step one is digestion
iIIUI......

Step two is distillation process and step three is titration process. During step one, the
as weighed accurately and was put into the conical flask. The kjeldahl catalyst tablet

ml concentrated of H2S04 was added into the flask and the mouth of flask was covered
fiber funnel. The flask was placed on the heater and the heater was tum on. The digestion
_1CeI1S was

taken about 20 to 30 minutes. Next, the sample was cooled for half an hour.

Por the step two, a ~ampled was transferred into the round bottled flask and the residue
WUllAiCII

flask was washed using the distilled water and all washing collected was added into

!\lund bottle flask and a five drop of indicator solution was also added into the flask. Then
·um hydroxide, NaOH was added into the round bottle flask until the solution color
. .lD&Cld from red to green. Next, the round bottle flask was attached to the distillation head.

Tai.:vml of boric acid indicator solution was added into the conical flask and a five drop of

_.)r

was added into the conical flask. The conical flask was placed at the end of the
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IUd the pipe of condenser was immersed in the boric acid solution. The distillation
the Bunsen burner was lit at the bottom of round bottle flask. The distillation
~JIII88

finished after 10 to 20 minutes. The color of boric acid solution was changed

y, step three was the titration process. For the titration process, O.IN of acid
_doIie (Hel) was used, and was titrated into the conical flask until the color starts to
green to just pink. When the color change, the titration was stopped and the

~.1CuI1ate the crude

protein content, the following formula was used:

= (titre volume xO.1 x 14.007)/sample weight

crude protein = %N x 6.25 x 100

3 .3 Determination of inorganic phosphorus using spectrophotometer
Phosphorus determination was carried out using metavanadate method (AOAC, 1996).
DilDbCISPJllOl1us stock solution (lOOOJ,lg/ml) was prepared by using 4.3935 of KH2P04 and
IIIDllved in 1 litre·of distill~d water. After that a P working standard (I OJ,lg/ml) was prepared
1'.GII1l1Dl8 the stock solution 100x with distilled water and this solution is used to prepare

ranging from I, 2 3, and 4 ug/ml P. Then reagent A and reagent B were prepared.

A is 25 g of ammonium molybdenate (NH 4M 02 .04) dissolved in 400 ml of distilled
~.UJl"il ..

reagent B is 1.25 g of ammonium metavanadate (NH4V03) dissolved in 350 ml of

ed water mixed with 250 ml concentrated of HN03. The mixture (A+B) is prepared

a:.IGllur: 40 ml of reagent A with 55 ml of reagent B and top up the solution until 100 ml
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distilled water. This solution had to be added last to the standard and sample because
as important as the color development depend on reaction time as well as phosphorus

O.S ml of the sample, 2 ml of 0.1 M Hel, 4.5 ml of distilled water and 3 ml of the
were added and mixed together in the vial and labeled. Once the mixture solution was
to the standard as well as sample, the analyses proceed after 30 minutes. Finally, the
_ . .1:ion for the phosphorus standard ranges (in volume of 10 ml) containing 1, 2, 3 and 4

Plml had been done in vials as follow:
Tablet: The preparation of Phosphorus standard range
2

Tube No.

3

Volume of lOug P/ml standard (ml)

4

5

3

olume of distilled water (ml)

3

Olume ofHCI (ml)

4

4

olume of Mixture (A+B)

2

2

o

Concentration ofP in tube (ug/ml)

2

3

4

The UV-Visible spectrometer (Perkin Elmer Lambda-25 spectrophotometer) was
on and warmed for about 30 minutes before use. The cuvette was filled with the
and absorbance of the standard starting from blank (tube 1) to the highest standard
) was recorded at wavelength 420 nm.
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