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Abstract of thesis presented to Senate of Universiti Putra Malaysia in fulfilment 
of the requirements for the Degree of Doctor of Philosophy 

 
 

CHARACTERISTICS OF APIS CERANA (HYMENOPTERA: APIDAE) AND 
EFFECTS OF DIET VARIABILITY ON BEE VENOM QUALITY AND 

QUANTITY IN PENINSULAR MALAYSIA  

 
By 

 
ABUSABBAH, MOHAMMED OMAR A 

 
December 2014 

 
 
Chairman  : Professor Dzolkhifli Bin Omar, Ph. D. 
Faculty      :  Agriculture 
 
 

The bee venom is a complicated chemical and pharmacological product, which 
has been used for healing several diseases for many centuries by different 
nations. The components of venom, especially melittin, phospholipase A2 and 
apamin are the main qualitative factors that affect its chemical properties. Few 
information on the effect of nutrition on the quality and quantity of the venom 
produced by bees are available, particularly of Apis cerana. In addition, 
providing information on the genetic basis of A. cerana in Peninsula Malaysia is 
highly required. Accordingly, this study aims to investigate the morphometric 
and phylogenetic of A. cerana, also to investigate the variation in the quality and 
quantity of the bee venom collected from different sites in Peninsula Malaysia, 
and the effect of the bee diet on the venom quality. Morphometric study of the A. 
cerana from different seven localities in Malaysia was performed and the 
morphometric variables were analysed by multivariate analyses. The analysis of 
variance (ANOVA) results showed that there were significant differences 
between means of the different locations, however, the principal component 
analysis and the discrimination analysis showed that the most important variable 
to discriminate between A. cerana  were body weight and the stinger length. 
Based on the obtained results, there were no clear clusters observed indicating 
the high similarity between the A. cerana population in Malaysia. The 
Phylogenetic showed an acceptable divergence percentage of less than 1% 
between bee venom samples, implying that the DNA of A. cerana collected from 
different sites with different types of diets is completely typical, therefore the 
venom quality and quantity was found to be affected purely by the type of diet.  
Investigation the effect of the natural diet on the quality and quantity of bee 
venom revealed that the source of natural diets (pollen grains) was significantly 
affected the quality and quantity of bee venom. Bees that foraged on durian were 
the highest concentrations of the important components melittin, phospholipase 
A2 and apamin by 677.86±23.68, 477.95±7.75 and 136.10±3.98 µg/µl respectively, 



© C
OPYRIG

HT U
PM

ii 
 

corresponding to the protein content, which was the highest among the seven 
plants (31.71%). Whereas, the quantity analysis resulted high weight of 7.65±0.25 
µg was achieved by star fruit. 
 
The effect of carbohydrate and protein rich mixture was studied. The results 
showed that the venom produced by bees foraged on supplemented-
carbohydrate diets, had melittin, phospholipase A2 and apamin of 535.21±17.73, 
374.49±18.94 and 130.36±12.05 µg/µl respectively. The comparison of the 
alternative diets proved that the protein rich mixture is better than both sucrose 
diet and the natural diet for yielding venom with high quality. Relocation of the 
hives from their original locations to the area with different flora led to obvious 
changes in the quality and quantity of the bee venom. The results showed that 
the most significant difference was observed in the concentration of the 
phospholipase A2 between pink power (420.85±13.15µg/µl) and star fruit 
(360.41±15.74µg/µl).    
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CIRI-CIRI APIS CERANA (HYMENOPTERA APIDAE) DAN KESAN 
KEPELBAGAIAN DIET KE ATAS QUALITI DAN QUANTY RACUN LEBAH 

DI SEMENANJUNG MALAYSIA 
 

Oleh 
 

ABUSABBAH, MOHAMMED OMAR A 
 
 

Disember 2014 
 
 

Pengerusi  : Professor Dzolkhifli bin Omar, PhD 
Fakulti       : Pertanian 
 
 

Bisa lebah dihasilkan oleh lebah madu ialah satu produk kimia dan farmakologi 
yang amat rumit, yang telah digunakan untuk memulihkan beberapa penyakit 
pada zaman dahulu oleh berbagai negara. Komponen bisa, terutamanya melittin, 
phospholipase A2 and apamin ialah faktor-faktor kualitatif utama yang 
menjejaskan sifat kimianya. Beberapa maklumat di kesan pemakanan bagi 
kualiti dan kuantiti bisa dihasilkan oleh lebah-lebah boleh didapati, terutama 
Apis cerana, serta morfometrik untuk radas bisanya. Sebagai tambahan, 
menyediakan maklumat di asas genetik Apis Cerana di Semenanjung Malaysia 
amat dikehendaki. Oleh sebab itu ,kajian ini menyasarkan penyiasatan 
morfometrik dan filogenetik Apis Cerana. Selain itu ,kajian juga dijalankan 
menyiasat variasi bagi kualiti dan kuantiti bisa lebah yang dikutip dari tempat 
yang berbeza di Semenanjung Malaysia , dan kesan diet lebah bagi kualiti bisa. 
Ukuran bahagian-bahagian badan serangga telah diusahakan dengan 
menggunakan sebuah program berasaskan komputer diperuntukkan dengan 
sebuah kamera digital. Keputusan-keputusan morfometrik menunjukkan 
bahawa terdapat perbezaan penting bagi panjang sengat antara contoh-contoh 
lebah dikutip dari berbeza mencari sarang, yang sengatan terpanjang diukur 
1.84±0.06 mm di serbuk jambu merah. Saiz ukuran-ukuran pundi bisa lebah 
menunjukkan perbezaan-perbezaan jelas antara mencari sarang, saiz terbesar 
telah dicapai oleh lebah dikutip dari Terengganu Paper (letak terkumpul dan 
memotong sekeliling) kulit kayu 5.35±0.57 mm. Panjang badan lebah dan 
panjang kepala menunjukkan perbezaan-perbezaan jelas menurut makanan 
daripada sumber tumbuh-tumbuhan yang di cari. Keputusan menunjukkan 
badan terpanjang dan kepala terpanjang telah dicapai oleh lebah yang dikutip 
dari pineapple 11.09±0.77 and 3.13±02 mm masing-masing. Perbezaan hubung 
kait terhasil antara morfometrik semua ciri-ciri yang telah dirancang. 
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Kajian filogenetik telah dijalankan untuk membuktikan bahawa kewujudan 
kelainan kualiti dan kuantiti bisa lebah dihasilkan semata-mata oleh faktor 
pemakanan, dan tidak daripada genetik. Keputusan menunjukkan bahawa 
peratusan kecapahan yang boleh diterima kurang daripada 1% antara contoh-
contoh bisa lebah. Ini menunjukkan bahawa DNA genomik Apis Cerana dikutip 
dari tempat yang berbeza dengan pelbagai jenis diet memang biasa, oleh itu 
kualiti dan kuantiti bisa didapati terjejas semata-mata oleh jenis diet.  

Penentuan pemakanan asli (butir debunga) kesan keatas kualiti dan kuantiti bisa 
lebah menurut kajian sampingan yang telah dijalankan. Analisis bisa lebah 
untuk kualiti telah dijalankan menggunakan teknik HPLC dan untuk kualiti 
ditentukan oleh berat bisa. Keputusan mendedahkan bahawa sumber diet 
semulajadi  (butir debunga) telah menjejaskan kuantiti dan kualiti bisa lebah. 
Lebah-lebah yang mencari makanan di Durian, mempunyai kepekatan yang 
lebih tinggi komponen penting melittin, phospholipase A2 and apamin oleh 
677.86±23.68, 477.95±7.75 and 136.10±3.98 µg / µl masing-masing. Kajian serupa 
pada durian,  apabila kandungan protein butir debunga dianalisis, peratusan 
tinggi antara tujuh pokok. Manakala, analisis kuantiti memberi hasil yang berat 
sebanyak 7.65±0.25 µg telah dicapai oleh belimbing besi di Selangor. 

Kesan supplant karbohidrat dan adunan lebihan lemak protein telah dikaji. 
Keputusan menunjukkan bahawa diantara diet berkarbohidrat diperlengkap 
kepada sarang lebah, gula maltosa didapati menjadi kualiti terbaik bisa lebah 
yang memberi penumpuan tertinggi melittin, phospholipase A2 and apamin of 
535.21±17.73, 374.49±18.94 dan 130.36±12.05 µg/µl masing-masing. Perbandingan 
diet alternatif membuktikan bahawa adunan lebihan lemak protein lebih baik 
daripada diet sukrosa; manakala, tiada perbezaan penting berbanding dengan 
diet debunga semulajadi dalam menghasilkan bisa berkualiti tinggi , dan 
penumpuan komponen utama bisa ialah 585.67±12.89, 439.48±63.64 and 
120.61±9.01 µg/µl for melittin, phospholipase A2 and apamin, masing-masing. 
Penempatan semula sarang lebah dari lokasi asal mereka ke kawasan dengan 
flora berbeza membawa kepada perubahan ketara ke atas kualiti dan kuantiti 
bisa lebah. Keputusan menunjukkan bahawa paling banyak perbezaan penting 
telah diperhatikan di tumpuan phospholipase A2 antara kuasa jambu merah  
dan belimbing besi di  (360.41±15.74µg / µl). 
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CHAPTER 1 
 
 

1 INTRODUCTION 
 
 

Honeybees are a group of insects belonging to the order hymenoptera. They play 
an important role in conserving biodiversity by pollinating flowering plants and 
increasing the productivity of agricultural crops. This insect comprises an 
important insect group that provides many products to human beings and serves 
as a volunteer pollinator to millions of crops worldwide. Ruttner (1988) started 
the first morphometric analysis of A. cerana, which has since been augmented by 
many researchers (Tanaka et al., 2001; Hepburn et al., 2005 ; Ricketts et al., 2008 
and Radloff et al., 2005). Radloff et al., (2003) statistically demarcated the 
populations of honeybees as morphoclusters. 
 
Bees have received religious testimony by both Christianity and Islam since 
ancient times (Zumla and Lulat, 1989 and El-Soud and Helmy, 2012).  In the Holy 
Qur'an there is a verse that clarifies the potential healing significance of 
honeybee products, especially honey (Ali, 1987 ). In many countries, beekeeping 
is one of the most practiced economic and social activities that provide additional 
earnings. 
 
More than 3000 species of bees are morphologically described worldwide and 
the genetic diversity of the most important ones has been identified using 
Cytochrome Oxidase subunit 1 (CO1). A. cerana is the most dominant species 
throughout the tropical, sub-tropical and temperate zones of Asia (Akratanakul, 
1986). In Malaysia, A. cerana is distributed all around the country and forages on 
many plant species with various pollen grains (Kiew and Muid, 1991). 
Brodschneider and Crailsheim (2010) stated that colonies of bees are endangered 
by monocultures, poisoning by plants and pesticide residue in nutrients, 
transgenic products and starvation. 
 
Carbohydrates, proteins, lipids, vitamins and minerals are the essential nutrients 
that provide hives of bees with energy to accomplish their activities, such as 
continuity of brood production, as well as longevity and the healthiness of the 
adults (Naug, 2009 and Oldroyd, 2007).  A balanced nutrition is highly important 
to bee colonies and can be achieved through the supplementation of essential 
nutrients (Schmidt et al., 1995; Pernal and Currie, 2000; Somerville and Nicol, 
2006). 
 
Human and Nicolson (2006) found that the pollen grain of Aloe greatheadii var. 
davyana (Asphodelaceae) consisted of carbohydrate (35-61% dry weight), crude 
protein (28-51% dry weight) and lipid content (8-10% dry weight). In addition, 
they contended that the content of essential amino acids might be more or less 
than that needed to develop honeybees. 
 



© C
OPYRIG

HT U
PM

2 
 

Pollen grains provide honeybees with proteins, vitamins, minerals and fats, 
which assist in the production of honey and other bee products, especially bee 
venom. It is generally known that the source of the diet affects the quantity and 
quality of honey, wax and other brood components. Abusabbah et al., (2012) 
demonstrated that protein artificial alternative diets increase the brood area and 
honey production. 
 

Bee venom, which is one of the most necessary products of honeybees used from 
ancient times worldwide to treat and heal several diseases, is composed of 
histamine, dopamine, melittin, apamin, mast cell destroying (MCD) – peptide, 
minimine, and the enzymes phospholipase A2 and hyaluronidase (Ludolph-
Hauser et al., 2001). Biló et al., (2005) explained that the quantity of venom 
produced by bees can be governed by the availability of proteins in the pollen 
grains of plants.  
 
 
1.1 Hypothesis  
 
The information regarding factors affecting the quality and quantity of venom of 
honeybees is contradictory. This study assumes that the bee venom quality 
characteristic might vary according to the diversity of diets.  
 
 
1.2 Problem Statement 

 
Bee venom is composed of different major components; the content of these 
components varies from one venom to another, leading to different venom 
quality. The concentrations of these components might determine the medical 
applications of the bee venom, such as the anti-inflammatory effect of the melitin 
and the anti-oxidant effect of the phospholipase A2 (Markelov and Trushin, 
2006). These facts highlight the need to study the effect of nutrition on the quality 
of the venom produced by honeybees, mainly A. cerana (the major group in 
Malaysia), which is not well understood and needs more elaboration on the 
scientific data. In addition, the genetic study to exclude the other factors might 
affect the quality of the venom. Furthermore, the investigation of the effect of the 
artificial diets on the venom quality is highly required to provide more 
information about the nutritional effect of supplement diets on the concentration 
of the venom components, thereby enabling bee venom of a specific quality to be 
produced for the potential use in medical applications.    
 
 
1.3 Objectives 

 
This study aims to assess the effects of diet on the quantity and quality of bee 
venom, and to determine the variation in the concentration of the main venom 
components according to the source of diet. Specifically, the objectives of this 
project are to: 
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1) Determine the morphometrics and DNA-fingerprint of A. cerana .  
2) Study the effect of diets foraged by A. cerana on the quality and quantity 

of venom.  
3) Study the effect of carbohydrate-supplemented diets and protein rich 

mixture diets on the quality of bee venom. 
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