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PREFACE 


As Malaysia ushers in the 21 st century, a fundamental transformation 
must take place in the manner we exploit our biological resources . Ma
laysia cannot continue to grow while turning its back on the sophisticated 
means and technologies that are increasingly available today in harnessing 
bioresources optimally and competitively. A primary challenge that we 
face is to shift from our presently labour-intensive and raw material
based exploitation of our resources to skill- or knowledge-based means of 
producing value-added resources. In the past two decades, the promise of 
biotechnology as a commercial success in bioresource exploitation has 
begun to be realised. This book is the result of a seminar/workshop held 
in Kuching, Sarawak on 11-13 November 1996 organised by the Ministry 
of Industrial Development Sarawak. The Seminar on "Scoping and Stra
tegic Planning of National Biotechnology Park in Sarawak" was con
ceived as a forum for Malaysian scientists and biotechnology researchers, 
entrepreneurs, industrialists and investors from several developed coun
tries to discuss issues relating to the planned establishment of a Biotech
nology Park in Sarawak. The Seminar/Workshop reviewed in a prag
matic perspective what has been achieved in the field of biotechnology 
and related industry in recent years. Much was benefited from the knowl
edge and experiences of participants drawn from such a diverse range of 
expertise and background. Discussions centred on the strengths and 
weaknesses of Malaysia, particularly Sarawak, as a potential global 
player in the biotechnology industry. 

The participants addressed the following issues: 

• 	 conceptual planning, operational models and management approaches 
that might be appropriate for a Biotechnology Park in Sarawak 

• 	 niche areas in the field of biotechnology that Sarawak should explore 
and develop to become globally competitive in the biotechnology in
dustry 

• 	 resource requirement and institutional arrangements to meet the 
manpower needs of a Biotechnology Park in Sarawak 

• 	 development policies, practices, incentives and factors that can influ
ence foreign scientists and investors to participate in the successful 
establishment of the Park's priorities, strategies and guidelines nec

v 



essary to promote the sound and viable implementation of the activi
ties within the Park 

If the success of a workshop can be judged by the intensity of debate, 
then this one was a resounding success. The combination of different atti
tudes and strongly held opinions on varying aspects of the above issues 
resulted in some lively discussions. One of the main achievements of the 
workshop was the bringing together of specialists from disparate back
grounds to clarify issues relating both to the present situation in the bio
technology industry and the direction of future research and development. 

Many people deserve special thanks for assisting in the organisation of 
the Seminar/Workshop and the production of this book: the Ministry of 
Industrial Development Sarawak for the fmancial support; members of 
the Organising Committee for their great care for detail; staff from 

. UNIMAS for their hard work and indulgence as the Secretariat; and par
ticipants for their papers and providing the right environment for discus
sions. The knowledge shared and ex.periences gained at this Semi
nar/Workshop will be cherished for a long time by all of us. 

Ghazally Ismail 
Universiti Malaysia Sarawak 
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RITA MANURUNG am KUEH HONG SIONG 
DepartmenJ ofAgriculture, Sarawak 

INTRODUCTION 
In Sarawak, 47% of the population is engaged in agricultural activities 
contributing to 13 .6% of the GDP. The agricultural sector plays an im
portant role in the development of the State, especially the rural econ
omy. With the establishment of plantations, crops like oil palm, sago 
palm, pepper, and coconuts will soon provide the raw materials for agro
based and downstream industries . 

Of the total land area in Sarawak, only about 1.81 million ha are suit
able and another 1.72 million ha marginally suitable for agriculture. Of
ten these areas are small, isolated pockets in remote areas or narrow 
strips along river banks which make them unsuitable for large scale 
commercial agricultural production. 

Sarawak can be divided into 3 broad geographical zones. These are: 
the coastal zone of about 2.24 million ha or 18.3 %, the midland zone of 
4.14 million ha or 33 .8% and the interior zone of 5.85 million ha or 
47 .9 % of the total land area. 

The coastal zone, made up of coastal organic swamps and coastal clay 
plain, is mainly composed of large tracts 'of undrained deep and shallow 
peat, narrow strips of poorly drained saline clay soils, acid sulphate, gley 
and riverine alluvial soils . Both gley and alluvial riverine soils are tradi
tionally used for paddy, coconuts, cocoa and other short-term crops . 
However, acid sulphate and saline soils are rated as unsuitable for agri
culture unless reclaimed. Farmers in this zone are comparatively poor. 

The midland zone, made up of undulating and hilly to steep mountain
ous areas along both sides of major roads, lower riverine and inland or
ganic swamps is where most of the agricultural activities are found . This 
zone has the best land for perennial crops. Although most of the farming 
activities are centered around shifting cultivation, rubber, pepper, cocoa, 
wet paddy and oil palm estates are also found in this zone. Only areas 
near major trunk roads are easily accessible. 

The interior zone makes up the main bulk of the land mass in the 
State. In this zone are the undulating and hilly , steep to very steep, 
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mountainous areas, the upper riverine and the highland plateau. This zone 
is sparsely populated, remote, relatively inaccessible due to the absence 
of roads, without regular agricultural support services and have serious 
marketing problems. The people thus practice subsistence farming. 

The mean annual rainfall of Sarawak range from 2000 mm to >4500 
mm with 4 to 6 hours of mean daily sunshine. In the highlands, rainfall is 
generally lower than in the lowlands with variations over large distances. 
In the highlands the temperature range from 20°C to 25°C while in the 
lowlands from 25°C to 30°C. High rainfall tends to favour the incidence 
and spread of diseases, thus, causing low and often unreliable yield or 
sometimes even crop failures. 

Generally, farmers especially those in the interiors of Sarawak, are 
confronted with a myriad of problems. The environments in which they 
work are complex. In addition to soil fertility and land constraints they 
are also hampered by inaccessibility to agricultural inputs, credit facilities 
and markets. They lack the appropriate technology and cannot afford 
capital-intensive pesticides, herbicides, vaccines and other medicine 
which can improve their crop, livestock and fisheries productivity. 

The objectives of this paper are: 

1. 	 To present the agricultural genetic resources, the facilities and per
sonnel presently engaged in research and to propose areas where bio
technology may be used to increase agricultural productivity. 

2. 	 To suggest areas where biotechnological processes can be used in the 
manufacture of agricultural based products, and in waste manage
ment. 

This paper is divided into three parts. In Part I research facilities and 
manpower are presented together with the functions and broad objectives 
of the institutions. Part II reviews the resources available, the current ar
eas of research and the constraints faced, while Part III consists of areas 
proposed for biotechnological research and development. 

RESEARCH FACILITIES AND MANPOWER 

Dep3rtment of Agriculture 
The headquarters of the research division is located at the Agricultural 
Research Centre, Semongok, about 21 km from Kuching. The centre, 
established in 1967, has a total land area of about 203 ha, 60% of which 
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has been developed with faciliti-es for field research of the major crops 
grown in Sarawak. The objective of the research division is to develop 
new or improved fanning technology packages which are capable of in
creasing productivity and efficiency towards commercialised agriculture 
for income maximisation of farmers. The division has programmes on the 
R&D of fruit crops, vegetable crops, field crops, rice, pepper, cocoa, 
coffee, coconut, and other minor crops. Pesticide residue analysis and 
food technology are also important programmes. 

At the research centre there are two laboratories involved in plant bio
technology research. The former is specifically for pepper genetic im
provement while the latter is for developing in vitro propagation methods 
for rattan, sago palm and pineapple. Crop research is supported by well 
equipped laboratory facilities for services in plant pathology, entomology 
and plant and soil analyses. 

The research division has several experimental stations in various parts 
of the State for field evaluations of crops on different soil or land types. 
These are: Rampangi for reclaimed acid sulphate soil; Stapok, Sesang 
and Sg. Mauh for crops on peat soils; Paya Paloh, Stumbin and Paya 
Selanyau for rice research; Ulu Rembus for field and short-term crops; 
Kebuloh and Ukong for perennial crops and Bario and Ba'Kelalan for 
highland crops. There are altogether 33 Research Officers, 28 based at 
the centre and 5 at the Divisional headquarters. 

Fisheries and aquacultural research is under the purview of the Inland 
Fisheries Division of the Department with a staff strength of 11 graduate 
officers. The division has four centres, each equipped with ponds for 
field trials and basic laboratory facilities. The centre at Tarat is solely for 
indigenous fish species, at Semongok for freshwater species and for 
brackishwater species at Sematan and Semariang Batu. 

The Veterinary Division of the Department serves mainly a regulatory 
and service function . There are altogether 10 veterinary officers and 8 
livestock stations, the largest of which is Karabungan (517 hectares near 
Miri). The division carries out adaptive studies as well as collaborative 
research with MARDI on livestock management. 

The Department of Agriculture operates using funds from both the 
State and Federal Governments. 
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Bioresource Utilization - Chapter 1 

Crops Research and Application Unit (CRAUN) 

The Crops Research and Application Unit (CRAUN) was established by 

the State Government in July 1993 within the Land Custody and Devel

opment Authority (LCDA) of Sarawak. The unit began operation in Feb

ruary 1994. 


CRAUN has four principal research sections: Biology & Biotechnol
ogy, Chemistry and Technology, Techno-Economy & Information and 
Farm Management & By-Product Utilization. The first three are located 
in Kuching, while the latter is located in Mukah. In addition there are two 
research stations for field trials on potential new crops or varieties, as 
well as areas within the Sago Estate plantations which have been utilised 
for research pUIpOses. 

CRAUN's mission is to develop and increase the profitability and up
lift the well-being of the sago plantation industry and all its associated in
dustries through R&D and extension. The unit is fmanced entirely by 
grants from the State Government, also undertakes research for the de
velopment of other crops that show potential for commercial exploitation 
and application. At present CRAUN has 9 scientific staff, 20 laboratory 
and field staff. 

RESOURCES AND CURRENT RESEARCH 

Sarawak is very rich in biological resources. Its tropical rainforest has 

been the source of not only food but also medicine and building materi

als. It is estimated that only about 300 indigenous species have been ex

ploited and utilised. Many valuable species are still growing wild or 

semi-wild with their economic potential not yet realised. 


Fruits 

At present, 75 species representing 18 families of indigenous fruits con

sidered suitable for commercialisation, have been recorded by the De

partment of Agriculture (Table 1). A programme to collect, conserve and 

study these fruits was initiated in 1986. As a result of this programme, 

there are now two fruit arboreta, one at the Sarawak Agriculture Park in 

Bintulu planted in 1989 and another at Layar Integrated Agriculture Sta

tion, Betong, planted in 1991. 


In the Bintulu park, 70 ha have been planted with 2,696 fruit tree 
seedlings representing 60 accessions from 48 species in 12 families. They 
were planted in almost natural habitat with minimal clearing and no fixed 
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planting distances or pattern. In contrast, at Layar Station 1,512 fruit tree 
seedlings and clones from 64 accessions, 54 species and 13 families were 
planted on 26 ha of terraces on very steep terrain. Growth parameters 
and pest and disease incidences are regularly recorded and monitored. 

Research is also in progress on selection, propagation and product de
velopment of some species that show potential for commercialisation. 
These are; Durio zibethinus, Durio graveolens, Durio kutejensis, Dimo
carpus longana var. malesianus, Canarium odontophyllum, Mangifera 
odorata, Mangifera pajang, Litsea garciae, Dialium indicum, Garcinia 
mangostana, Artocarpus integer and Artocarpus odoratissimus. 

Table 1. List of iniligerwus fruit species recorded and number ofaccessions 
planted and TIUlintained by the Department ofAgriculture, Sarawak. 

Family Botanical name 

Anacarrliaceae Mangifera appianata 
M. caesia 
M. foetida 
M. griffithii 

I M. laurina 
M. odorata 
M. pajang 
M. pentandra 
M. quadrffida

I M. torquenda 

Pentaspadon motley; 

Apocynaceae Willughbeia augustifolia 
Willughbeia sp. 
Willughbeia sp. 

Bombacaceae Duriodulcis 

D. grandifolius 
D. graveolens 

D. kutejensis 
D. oxleyanus 
D. testudinarium 
D. zibethinus 

'---- ....J Du~ sp 

No. Planted 
Vernacular name SAPB LlASB. .. 
Kerapeh -
Binjai, Belunu 6-
Bacang 4 3 
Asamraba, 4 -
Raba pisang 6 43 
Raba tekuyong 2 20 
Mempelam 16 
Quini 33-
Embang 10 10 
Asampaoh 2 16 
Asam kumbang 10 22 
Lamantan 4 16 
Kemantan panas 8 -
Kemantan rusa 4 -
Pelajau, Emplajau 14-

Kubal arang - -
Kubal susu 2 68 

I Tabau, Tabu! 1 8 

Durian merah, 8 8 
Tutong 
Sukang 9 
Durian kuning, 10 67 
Isu tahi anak 

Nyekak, Ukak, 
 5 24 
Isu 10 7 
Durian kura-kura 10 8 
Durian, D. putih 107279 
Suluk - 6 

• Sarawak Agriculture Park, Bintulu (SAPB) 

•• Layar Integrated Agricultural Station, Betong (UASB) 
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Table 1. COnJ 'd 

No: Planted 
LIASBBotanical name SAPBFamily Vernacular . ..name 

Burseraceae 

Elaeocarpaceae 

Euphorbiaceae 

Fagaceae 

Flacourtiaceae 

Guttiferae 

Lauraceae 

Leguminosae 

Melastomaceae 

MeNaceae 

Maraceae 

Canarium odontophyl/um Dabai 
Canarium sp. Meritus 
Dacryoides rostrata Keramoh. 

Lengayin 

Elaeocarpus sphaeroblastus I Tamang, Pensi 

Baccaurea hookeri Jelenbll 
EmpawongB. lanceolata 
PuakB. macrocarpa 
RambaiB. motleyana 
Tampoi payaB. pyriformis 
UcongB. reticulata 

Baccaurea sp. Ceriak 
Elateriospermum tapas Perah 

MerentiOstodessp. 

BeranganCastanopsis spp. 

RukamFlacourtia rukam 

Manggis hutanGarcinia hombroniana 
MangosteenG. mangostana 
KandisG. nitida 
KundongG. parvifolia 

EngkalaUsea garciae 

Keranji maduDialiumsp. 
Keranji papanDialiumsp. 
EmplawakDialiumsp. 
TanjanDiaNumsp. 

Jambu araPlethiandra sp. 

Langsat 
Duku 
Dukullangsat 

Lansium domesticum 

Kelampu5andoricum bomeense 

BintawakArtocarpus anisophyl/us 
TekalongA. e/asticus 
CempedakA. integer 
Pudu, PudauA. kemando 
SelangkingA. nitidus 
TerapA. odoratissimus 
Pala munsohA. rigidus 
PinganA. sarawakensis 
PedalaiA. sericicarpus 
TamaranA. tamaran 

255 103 
- 18 

38 26 
10 

16 

-
-

20 28 
2 20 
2 38 

36 16 
8 9 
2 3 

28 7 

- -

-

-
79129 

185 19 

10 B4 

49 12 
124 25 

- 8 
- 10 

16 

5 44 
286 18 

- 15 
I 79 -

16 
45 
7 

25 
10 43 
34 7 
86 6 

153 37 
- 15 

36 13 
87 14 

- I 
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Table 1. cOnJ'd 

No. Planted 
Botanical name Vemacular name SAABFamily LIASB. . . 

E/eiodoxa conferta Asam payaPalmae -
Salacca magnifica Remayong - -
S. afflnis Ridan 

Xanthophyl/um amoenum Langgirpolygalaceae - 3 

Ziziphus kunst/erii KukumenaulRhamnaceae -

Dimocarpus Iongana var. Guring 5Sapindaceae -
Isaumalesianus 8822 

17Kakus 4 
26Mata kucing -

Mao 16-
Lepisanthes alata Engkilili 7 9 
Nephelium lappaceum Rambutan - -
N. me/anomiscum Melanjan 10-
N. macrophy/lum Kebuau 2-
N. maingayi Serai!, Mujau 149 7 

, N. mutabile Pulasan 6 35 
Nephelium sp. 16Sibau raras 14 
Nephelium sp. Sanggau 276 -
Nephelium sp. Pangkal 5 -
Pommetia pinnata Kasai 35 6 

Total 18 75 86 2696 1512 

'-------

* Sarawak Agriculture Park. Binlulu (SAPB)

** Layar lnregraled Agricultural Station, Betong (LlASB) 


Vegetables 

Sixty-four species of indigenous vegetables from 42 families are now 

listed by the Department. Some are already commonly sold in the mar

ket. Seeds of about 110 accessions from the families Brassicae, Cucurbi

taceae and AmaranJhaceae are kept in a collection under refrigeration at 

the research centre (Table 2). 


The scope of research on indigenous vegetables includes evaluation of 
accessions and agronomic trials on Solanum lasiocarpum (Terung 
Oayak) , Stenoc/o.ena palustris (paku miding) , Diplazium esculenlUm 
(paku ikan), Pangium edule (kepayang), Etlingera elcator (kecala) , 
Etlingera punicea (tepus), Brassica juncea (ensabi), Cucumis sativus 
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(timun Dayak) and Eleodoxa conferta (assam paya). In addition selection 
and purification of ensabi and terung Dayak are in progress. 

In 1991 about 40 accessions of indigenous vegetables from 10 families 
were planted at Layar and Rampangi stations .(Table 3). The agronomic 
parameters of 8 species are being recorded. In addition, a joint project 
with a research fellow from the University of Copenhagen on the agro
nomic aspects of some indigenous vegetable species has just been com
pleted (Mertz, 1996). 

Table 2. List of indigenous vegetables and number ofaccessions at 
Layar Integrated Agricultural Station (L) and Rampangi Station (R) . 

Family Botanical name Vemacular name 
No. of ac
cessions Site 

Athyriaceae Athyrium esculentum Paku ikan 1 L&R 

Begoniaceae Begonia chorostica Riang batu 2 L 

Blechnaceae Blechnum orientale Paku kelindang 1 L 
Stenoclaena palustris Paku miding 1 L& R 

Cyr;adaceae Cycas rumphii Paku laut 1 L 

Fabaceae Parkiaspp. Petai 10 L 
(Leguminosae) Pithecellobium lobatum Jering 1 L 

Flacourtiaceae Pangium edule Kepayang 20 L 

Gnetaceae Gnetum gnemon I Sabong 2 L 

Musaceae Musasp. Pisang hutan 2 L 

O/eandraceae Nephrolepis acufffolia Paku kubok 1 L 

Zingiberaceae Phaeomeria sp. Kecala 1 L& R 
Achasma megalocheiios Tepus 1 L&R 

Rice 
Rice is the most important cereal crop in Sarawak. The rice lands ac
counted for about 150,000 ha of which only 5% are double cropped. Rice 
is planted in very diverse conditions on upland, rainfed and irrigated 
lowland systems. Traditional varieties or landraces are still being main
tained and cultivated by farmers . Their selections are often superior in 
terms of taste, texture and fragrance compared to the improved varieties. 
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Most of the cultivated rice (Oryza sativa L.) in Sarawak belongs to the 
indica group. They are tall with profuse tillering, considerably tolerant to 
drought and quite resistant to insect pest and diseases . At present there 
are 1,500 rice accessions in the gene bank at the research centre. 

Current research includes germplasm collection, conservation and 
utilisation. Varietal selection and evaluation is continually done as well as 
studies on pests, diseases and their control. Conventional breeding of high 
quality rice (HQR) namely: Biris, Rotan and Bario to improve plant 
characteristics is also in progress . 

Table 3. Seeds conserved at Agricultural Research Centre, Semongok 

No. of 
accessions 

Vemacular nameBotanical nameFamily 

6EnsabiBrassica junceaBrassicaceae 

I
20I Cucumis sativus I Timun DayakCucurbitaceae 
22Local pumpkinCucurbita spp. 

60Terung DayakSolanum lasiocarpumSolanaceae I 
Pepper 
Pepper (Piper nigrum L.) is an important cash crop for smallholder 
farmers especially those living in steepland areas. The area under pepper 
cultivation is about 8,500 hectares producing 8,500 tonnes of black and 
4,500 tonnes of white pepper. 

Pepper is largely used as a condiment, but limited amount has been 
used in cosmetics and pharmaceutic.als. It has also been used as a natural 
pesticide and retardant of rancidity in oils, fats and meats. The dried un
ripe fruit is used as an insecticide, stomachic and antibacterial agent. 
Pepper oil is an important component of perfumery formulations, aro
matherapy and some personal care products. 

Piper nigrum is an introduced species in Sarawak. Through selection 
of mutants from the local population and introduction from other pepper 
growing countries, there are now 22 varieties in the pepper genepool 
(Table 4) . Other Piper species are also collected and there are 46 acces
sions of Piper species in the living collection. Of these, 10 are identified 
local and 13 exotic species (Table 5). 

The research programme on pepper is quite comprehensive, covering 
the following aspects; varietal improvement through breeding and selec
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tion, nutritional and manurial requirements, cultural practices and crop 
protection management. 

In the programme on developing superior varieties, three approaches 
are adopted these are: conventional hybridization, mutation breeding and 
genetic engineering. The conventional and mutation breeding approaches 
are aimed at developing varieties which are high yielding and resistant to 
pests and diseases. The genetic engineering project is to develop geno
types with delayed ripening characteristics using molecular biology and 
antisense technology. 

Medicinal Plants 

The Department of Agriculture also has a collection of medicinal plants 

planted in 1989 at the Bintulu Agricultural Park (Sim and Kueh, 1996). 

The plants are mainly species commonly found in Sarawak. Most of them 

have been identified. At present although the Department is not doing re

search on medicinal plants, the collection is being maintained for refer

ence and public interest. 


Sago Palm 

The sago palm (Metroxylon sp. Roettb.) thrives mainly on swampy peat 

and riverine alluvium soils . The palm is naturally suckering and is pur

ported to require minimal agronomic management during its growth. At 

maturity 50-200 kg of dry starch can be extracted from each trunk, thus 

giving a potential yield of about 20 tonnes starch per hectare depending 

on the soil type. Harvesting is not confmed to season, nor to a strict 

physiological growth phase. However there are problems which have 

limited commercial planting of the palm up to now. These are; long ju

venile phase of 12-15 years before the first harvest, logs are difficult to 

transport over swampy grounds, vast numbers of suckers are required for 

plantation establishment and lack of selection and breeding programmes. 


Research on sago palm, initiated by the Department of Agriculture in 
1982, covered aspects of seed physiology, developmental and floral biol
ogy, germplasm collection and selection, in vitro culture, nursery prac
tices, water table management, agronomic practices, and methods of sago 
logs transportation. Early results from these studies provided the back
bone for the establishment of a plantation by the Land Custody & Devel
opment Authority at Mukah in 1988. 
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Table 4. List ofpepper varieties coLLected and maintained at Agricul
tural Research Centre, Semongok 

Asun Kuching 
Balancoita Kudravalli 
Bangka Lampung Daun Kedl 
BelanbJng Lampung Daun Lebar 
Bulok BelanbJng Malligasera 
Cheriakaniakadan Matang 
German Panniyur - 1 

TlioicumJambi 
Kaluvally Uddagere 
Kalimunda Ulhirancolta 
Koltanadan 

Table 5. Piper species coLLected and maintained at Agricultural Re
search Centre, Semongok 

P. aduncum L P. muricatum BI. 
P. arborescens Roxb. P. neesianum C. DC. 
P. arborescens var. hirstellum (Miq.) Merr. P. obliquum Ruiz & Pav. var. eximum 
P. betle. Linn. P. pachyphyllum Hook. 
P. canimum BI. P. po/yprophyl/um N.E. Br. 
P. Colubrinum Link. P. sarmenlosum Roxb. 
P. cubeba L. P. scabrum Swartz. 
P. dilatatum L.C. Rich. P. treleBseanum Britt. Wils. 
P. erecticaule C.DC. P. tuberculatum Jacq. 
P. genicu/atum Swartz. P. umbel/atum L. 
P. hispidum Swartz. P. ves/itum C. DC. 
P. marginatum Jacq. 

On the directive of the State Government, research on sago palm was 
taken over by CRAUN in 1994. The Biology & Biotechnology section 
covers upstream aspects such as germplasm collection, characterisation, 
evaluation, selection and breeding. CRAUN has over 250 accessions of 
sago palm, some of which were originally collected by the Department of 
Agriculture. Research on in vitro propagation of selected accessions has 
successfully produced plantlets through direct somatic embryogenesis. 
Nursery trials of tissue culture derived plantlets and scale-up production 
are now in progress. Basic studies such as genetic and biochemical char
acterisation of germplasm, pollination and selected aspects of biochemis
try are also being carried out to provide information essential for breed
ing and the implementation of a breeding and improvement programme 
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l1Sing both conventional methods and biotechnology. The Farm Manage
ment and By-Product section is also working on aspects of sago palm 
waste management Future directions for research in biotechnology in
clude bioconversion of sago starch and waste into commercial products, 
as well as similar research with other commercially new crop varieties . 

Table 6. List of indigenous fish species collected by the Inland Fisher
ies Division and kept at Tarat IFPRC 

Common NameSpecies 

Semah1 Tor duoronensis 
EmpurauTor tambroides2 
Sayan3 Leptobarbus hosii 
TengadakPuntius schwanenfeldii4 
Mengalan 


6 

Puntius bulu5 

KachongPuntius bramoides 
Mala merah7 Osteochi/us melanop/eura 
Betutu8 Oxyeleotus marmorata 
BanlakOsteochilus vittatus9 
Tapah10 Wa/lago maculatus 

11 Osteochilus I<ahajensis Palau 
KulongLobocheilus sp.12 
LabangPangasius nieuwenhuisi13 
Belida14 Motopterus chitala 
BaungMystus planiceps15 

,Inland Fisheries 
Aquaculture in Sarawak is still considered an under developed industry . 
Despite the enormous diversity of species suitable for food that grow 
naturally in fresh water, few have been fully exploited or grown in aq
uaculture . In order to develop sustainable aquaculture, R&D efforts for 
effective and environment friendly technologies are necessary. The Inland 
Fisheries Division focuses its activities on freshwater and brackish wa
ter/marine species with potential for commercial aquaculture. To date, a 
collection of over 35,000 broodstocks from 35 species of indigenous and 
exotic fish species are being maintained in a number of its centres/stations 
(Tables 1,2 and 3) . 

Aspects of aquaculture research currently being investigated are: de
velopment of efficient production systems and aquaculture technologies, 
stock assessment and ecological studies of important indigenous fish spe
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cies, breeding and hatchery techniques for large scale production; fish 
nutrition and post harvest technologies. 

Table 7. List ofexotic brackish-water/marine species collected by the 
Inland Fisheries Division and kept at Semariang Batu BWFPRC 

and Sematan Station. 

Species Common Name 

1 Lates ca/carifer SeabassiSiakap 
2 Lutjianus spp. Snappers 
3 Epinephelus spp. Grouper 
4 Chanos chanos Milk Fish 
5 Penaeus monodon TIger Prawn 
6 Machrobrachium rosenbergii Udang GaJah 

Table 8. List ofexotic freshwater fish species collected by the Inland 
Fisheries Division and kept at Semongok FPRTC 

Species Common Name 

! 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Oreochromis sp. 
Oreochromis nilotica 
Leptobarbus hoveni 
Cyprinus carpio 
Ctenophargnodon idella 
Osphronemus goramy 
Aristichth ys nohilis 
Hypophthalmichthys molitrix 
Puntius gonionotus 
Clarias sp. 
Pangasius sutchi 
Labeo rohita 
Collosoma sp. 
T richogaster pectoralis 

Red TIlapia 
NiJeTIlapia 
JeJawal 
Common Carp 
Grass Carp 
Kalui 
Big head Carp 
Silver Carp 
Lampan Jawa 
Keli 
Palin 
Rohu 
Pacu 
Sepal Siam 

, 

'--  I 

Livestock 
The veterinary division's main activity is to provide expertise in animal 
health and production. As part of the service, the Veterinary Division has 
established diagnostic laboratories in the major Divisions of Sarawak. 
These laboratories will eventually specialise in diseases of specific live
stock. The areas of specialisation are poUltry and pig diseases (State Vet
erinary Diagnostic Laboratory), ruminant diseases (Sibu and Miri), buf
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falo diseases (Limbang) and aquatic diseases (Sri Arnan). In addition, the 
division has also been working on cross-breeding of exotic poultry with 
local indigenous chicken. The performance of the crosses are being stud
ied prior to the distribution to farmers. 

PROPOSED AREAS FOR BIOTECHNOLOGICAL R&D 

The rest of this paper attempts to suggest aspects of biotechnological re
search and development needed to improve agricultural productivity in 
Sarawak. These are also areas of research which the relevant agency is 
not able to do on its own, at present, due to manpower and fmancial 
constraints. 

1. 	 Microbial Inoculation of Plants 
Biotechnology can improve crop productivity through the use of mi
cro-organisms in the form of inoculants applied to plants, seeds and 
soil. The inocula are used as biofertilisers for improved plant nutri
tion and as biological control agents to combat pests, diseases and 
weeds. Examples of micro-organism inocula are: 

(i) 	 Rhizobium for root nodules which fiX nitrogen from the atmos
phere. Rhizobium inoculants are already the standard practice in 
areas planted with leguminous cover crops. 

(ii) 	 Mycorrhizal associations to increase the rate of uptake of nutri
ents such as phosphorus and nitrogen from deficient soils. This 
is an aspect not yet explored but could be very important espe
cially for <;;rops on peat and reclaimed acid-sulphate soils . 

(iii) The biocontrol agent 	Bacillus thuringiensis (BT), although al
ready used in intensive agriculture, is fairly new to Sarawak. 
This method of pest control will also reduce the use of pesticides 
which can become a health hazard. The BT used in Sarawak is 
cultured and produced outside the country. 

There is a need to develop suitable biocontrol agent for the pepper 
stem borer Lophobaris piperis and tingid bug Diconocoris hewitte. 
Once developed it will be incorporated into the integrated pest man
agement programme already in progress. 

It would be advantageous if research to select, multiply and pro
duce the inoculant strains is done locally so that the they can be 
tested, validated and later recommended for adoption by planters and 
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smallholder farmers. The technology is well developed and can be 
transferred directly from developed countries. The use of microbial 
inoculants will ultimately lead to a reduction in the cost of production 
in terms of fertiliser, pesticides and other chemicals and promote or
ganic farming. 

2. 	 Microbial Processing and Food Production 
Fermentation is a traditional food and beverage processing method 
which involve microbial processing. In Sarawak examples of tradi
tional food produced through fermentation are: tempoyak from 
durian aril, tuak a beverage from rice and kasam from fresh water 
fish. With the rich biodiversity in Sarawak, there is a wide scope for 
the use of biotechnology for developing new value-added products in 
the food industry. 

Some of these are: 

(i) 	 Lactic acid and bacterial fermentation for the production of 
condiments from indigenous fruits, vegetables and nuts. Fer
mented kernels of Pangium edule (Keluak) seeds already com
mand a good price and Nata de coco is gaining popularity as a 
health food in the region. 

(ii) 	 Lactobacillus and Saccharomyces fermentation for making 
drinks from local rice and indigenous fruits . 

(iii) The production of citric acid, lactic acid and gluconic acid, as 
natural and safe food additives, from local fruits through fungal 
fermentation. 

(iv) Natural flavours, 	 food colours and amino acids can be made 
from plants to ensure they are natural, wholesome and nutri
tious. Extracts from the plant Scorodocarpus bomeensis , for 
example, have 'garlic' like flavour . 

(v) 	 Single cell protein (SCP) a useful food or food additive, espe
cially for animal feed, can be produced from agricultural raw 
materials and wastes. 

(vi) Sweeteners and high fructose syrup can be produced from sago 
starch through enzyme technology. 

(vii)Several useful organic acids could also be produced from sago 
palm wastes. 
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The technological requirements for microbial bioprocessing at the 
industrial level can be relatively high. It is also acknowledged that 
some applications may be disadvantageous in that they can be used to 
produce compounds or substitutes for compounds presently derived 
from agriculture. 

3. 	 Agricultural diagnostics 
New technologies have emerged for the detection and quantification 
of microorganisms, chemicals (particularly pesticides) and plant 
products. New diagnostics for accurate disease diagnosis, the selec
tion of pathogen free planting material, detection and monitoring of 
pathogens in crops and soil and the detection of pesticide residues are 
all useful tools in crop management. 

There is a need to develop diagnostics for epidemiological stud
ies to determine the distribution and abundance of pest and diseases. 
Research on the detection of citrus greening disease using nucleic 
acid probes is in progress. However, the use of diagnostics is still 
very limited in Sarawak. Some areas of research suggested are: 

(i) 	 Diagnostics for the detection of Phytophthora capsici, the causal 
organism for pepper (P. nigrum) foot rot disease, in infected 
soils to determine the pathogen threshold level. 

(ii) 	 Develop a nucleic acid probe or produce a monoclonal antibody 
for the detection of the viruses which cause wrinkle leaf disease 
in pepper. 

4. 	 Plant Tissue Culture 
Plant tissue culture for propagation is a simple technique successfully 
used in most countries for the production of disease free plants, high 
value crops and hortiCultural plants. Research on developing methods 
for in vitro clonal propagation of sago palm and rattan is in progress 
to provide sufficient planting material for the plantation industry. 
Similar methods can be developed for other important crops such as 
difficult to propagate fruit tree species. 

It is anticipated that in vitro plant propagation will play a major 
role as potted plants and cut flowers industry develops. There is a 
wide diversity of ornamental species that can be exploited and com
mercialised for example, orchids, gesneriads, palms and ferns that 
abound in the forest . 
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5. 	 Genetic engineering (Recombinant DNA Technology) 
Recombinant DNA technology to transform plants or animals enables 
the incorporation of specific characteristics by the insertion of a 
piece of genetic material into the genome of the host cell. First the 
desired traits must be identified and the plants with these traits se
lected. The gene of interest must be located and transferred. This can 
be achieved through Agrobacterium mediated transfer or by direct 
DNA uptake using microprojectiles or electroporation. 

Agricultural research is primarily focused on increasing yield of 
cash crops through the development of high-yielding varieties to
gether with labour-saving and low-cost production packages. Genetic 
engineering could improve crop productivity in Sarawak for exam
ple: 

(i) 	 Confering resistance to pests and diseases 
There is a wide range of pests and diseases which cause signifi 
cant loss of crop yield in Sarawak. Research is needed to iden
tify genes from the wild population of the cultivated crops which 
would improve resistance to pests and diseases and make those 
genes available for plant breeding. This will ultimately reduce 
damage to the environmental caused by the use of pesticides and 
fungicides. 

Fungal diseases of pepper such as foot rot caused by Phy
tophthora capsici, black berry by Colletotricum spp. and velvet 
blight by Septobasidium sp., all contribute to crop loss every 
year. In addition, pepper is also susceptible to root knot ne
maode (Meloidogyne sp.) and attack by the Tingid bug 
(Diconocoris hewitte) and stem borer (Lophobaris piperis) . 

Rice stemborers and army worm (Spodoptera sp.) can de
crease yield considerably resulting in significant crop losses. At 
present, control is only through the use of SUitable insecticides 
and fungicides. 

Damage from fruit flies reduces yield of many species of 
fruit trees in Sarawak. To control the damage farmers use pes
ticides, chemical lure as well as laborously wrapping fruits in
dividually as they mature. Citrus plants also suffer from green
ing disease caused by bacteria-like organisms, and gumosis 
caused by Phytophthora spp. Another important fruit, the 
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durian, suffers from patch canker caused by Phythophthora 
palmivora. 

Vegetable species are not without their share of diseases and 
pests as well. Leafy vegetables are susceptible to bacterial soft 
rot caused by Erwinia carotovora ; chilli fruits are often at
tacked by Colletotrichum spp. Bacterial wilt from Pseudnmona 
solanacearum threatens most members of the Solanaceae family 
planted by farmers. Pests of vegetable species such as cutworm, 
diamond back moth, centre grub and many others caused con
siderable crop loss to farmers . 

(ii) 	 Breeding crops for specific traits 
Breeding for high yield will always be one of the goals in agri
cultural research. This is still one of the objectives of breeding 
programmes for pepper and rice . Excellent tasting local rice va
rieties such as Bario, Rotan and Biris are tall with an average 
yield of only 2-3 toooes/ha .. 

Many indigenous fruit tree species like the mangosteen 
(Garcia mangostana) Dabai (Canarium odonJophyllum) have 
great potential for export, but are slow growing, with long ju
venile period and irregular yield. There is also the possibility of 
improving the quality of fruits by increasing the essential amino 
acid and vitamin contents as well as improving their storage 
properties. 

Through biotechnology breeding can be achieved faster than 
by conventional methods. 

(iii) Characterisation and conservation of genetic resources · 
The use of RFLP (restriction fragment length polymorphism) is 
becoming a very important tool for plant breeders, because it 
enables them to know the exact genotype they are working with . 
This technology can be used to characterise individual acces
sions in the collection and detennioe the extent of genetic di
versity of the species. 

6. 	 Aquaculture 
Biotechnology can assist the development of aquacultural industry in 
Sarawak in the following areas: 
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(i) 	 Feed fonnulation 
The main source of protein for fish feed presently is fish meal 
derived from wild fish stocks (e.g. Peruvian anchovies). Fonnu
lated foods are expensive, hence, effort is needed to identify lo
cal foodstuff/organisms that can be easily developed or cultured 
for fish feed . 

(ii) 	 Ronnone for enhancing growth and reproduction 
The use of pheromones to influence the reproductive behaviour 
and gonad development have been reported for some fish spe
cies. Similar studies would be useful to enhance the reproductive 
performance of some high value indigenous fish species. 

(iiO 	 Improvement of water quality with microorganNn amendments 
Trials on the application of bacterial amendments to improve the 
quality of pond water, for example, by enhancing the rate of or
ganic matter degradation, reduction of nitrogen and prevention 
of off-flavour, have had mixed results. Research on the selection 
and culture of suitable microorganisms or their products for im
proving water quality and disease control will result in higher 
productivity . 

7. 	 Livestock Production 
Within the 7MP (Seventh Malaysia Plan) period a biotechnology 
centre will be established at Karabungan Station. The centre will be 
used to promote and perfect embryo transplant and artificial insemi
nation technology to complement breeding and selection of livestock. 
Areas where biotechnological research and development can assist in 
the developing the livestock industry are : 

(i) 	 Breeding 
Gene transfer research in animals has been successfully done, 
especially for the transfer of codes for growth honnone. The 1!lSe 
of recombinant DNA technology to create new livestock strains 
with higher productivity will be beneficial to the industry . 

(ii) 	 Animal health 
Intensive farming of livestock such as poultry depends on the 
use of vaccines for animal health. The vaccines used presently 
are all imported and they do not provide the best protection due 
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to variations in antigenicity. Ideally vaccines should be derived 
from strains isolated locally. Research on the use of microbes 
for disease control has not been explored. The use of transclonal 
antibodies to develop diagnostic kits for effective field identifi
cation of diseases will also be beneficial. 

(ill) 	Animal Nutrition 
The use of microbes for livestock improvement is not new. Se
lection and culture of local strains would be advantageous over 
imported strains which could become hazardous through muta
tion over a long period of time. Through recombinant DNA 
technology, local strains of bacteria may be used to improve di
gestibility and rate of digestion of agro-by-products 

8. 	 Waste management 
Agricultural activities not only produce large amounts of organic 
waste but also cause pollution from excessive use of fertilisers, pes
ticides, fungicides and herbicides. Waste treatment using microor
ganisms can result in new product as well as minimise their impact 
on the environment. 

(i) 	 Rice straw and hull, sago hampas, and waste from coconut, cof
fee, cocoa, pepper and other crops accumulate after every har
vest or planting season. Biogas conversion using rice straw for 
energy is already commonly practised in many developing 
countries. Other products that can be considered are; animal 
feed, fibre boards, particle boards, paper and building blocks. 

(ii) 	 Utilisation of aquaculture waste products 
The effluent from large scale intensive aquaculture project is 
often regarded as the source of pollution because it contains high 
levels of suspended and dissolved organic matter and nutrients 
which cause water quality degradation. When discharged to 
coastal waters it can have drastic effects on other aquatic life 
forms. For aquaculture to be ecologically sustainable it is neces
sary that this problem be addressed. Through biotechnology 
methods can be developed so that the waste water from ponds 
can be channelled, perhaps, for use in aeroponics or thin-fIlm 
technology for high value crop production. 
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(iii) Livestock waste management 
The livestock industry produces considerable amount of waste 
that can often become a major source of pollution. The produc
tion of biogas for energy generation is a well established proc
ess. Research on identifying microbial organisms for other 
products or technology from livestock waste will be beneficial to 
the industry. 

9. 	 Conservation of germplasm 
For plant genetic resources ex-situ conservation activities are carried 
out in arboreta, seed gene banks and field museum collections. There 
is a need to study methods for storing genetic materials not only for 
conservation purposes but also for research on the improvement of 
plant varieties, livestock and fish strains. 

(i) 	 Cryopreservation of seeds or embryos of recalcitrant seeds 
Cryopreservation technique has been suggested for the storage 
of seeds or embryos of recalcitrant seeds. This technology 
would be useful for large seeded species like durians to mini
mise the cost of maintaining a live collection in the field. Never
theless research is needed to ascertain that there is no genetic 
damage during the storage period. 

(ii) 	 Gene bank and fishery stock improvement 
There is a need to establish a gene bank for conserving the ge
netic diversity particularly of wild fish species. The storage and 
preservation of fish sperm and ova, fertilised ova and embryo 
are also aspects which require research in order to improve the 
existing strains of fish stocks. 

10. 	Plant species with potential for specific uses 
Over the years the Department of Agriculture has accumulated vari
ous information through research as well as from farmers' traditional 
knowledge of certain plant species that may be exploited for specific 
uses. Although the processes may not be biotechnological in nature, 
the information may be usefull in planning activities to be included in 
the park. 
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(i) 	 Conarium odontophyLlum (Dabai) - Burseraceae 
The tree bears edible olive-like fruits. Good varieties have thick, 
soft, oily dark yellow flesh with fme smooth texture. There is a 
possibility that the oil may be used in the production of personal 
care products. 

(ii) Litsea garciae (Engkala) - Lauraceae 
The flesh of the fruit is soft, creamy with a flavour not unlike the 
avocado. Again this fruit might be incorporated in natural skin 
care products. 

(iii) XanlhophyLlum amoenum (Langir) - Polygalaceae 
Traditionally the dried skin of the fruits are softened in warm 
water and used as shampoo. It is believed that constant use of 
this 'shampoo' can result in dark and shiny hair. 

(iv) 	Pangium eduLe (Kepayang) - Flacourtiaceae 
The kernel of the seeds, after removal of the cyanide, contains 
oil high in uns.aturated fatty acids (oleic and linoleic acids). This 
oil may be used in dyes and in food prep aration. 

(v) 	 Scorodocarpus bomeensis (Bawang hutan) - Olacaceae 
All parts of the tree smell strongly of garlic. The leaves and nuts 
are used for flavouring food. 

(vi) 	Pycnarrhena tumesacta (Daun tubu) - Menispermaceae 
The leaves of this woody climber is used as a seasoning. When 
crushed and added to food it produces a taste similar to that 
when monosodium glutamate is added. 

CONCLUSION 

The Department of Agriculture is responsible for the development of ag~ 
riculture in Sarawak and the welfare of smallholder farmers or farm 
families is one of its prime concerns. Plantation crops like oil palm, rub
ber and cocoa rely mainly on findings from major research institutions 
like PORIM, RRIM and MARDI and MeB as well as R&D done by the 
private sector. 

Although the scope for tapping resources for improving agricultural 
output is still large, the Agriculture Department is aware that through 
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conventional approaches alone there would not be major changes 
achieved. Biotechnological tools can play an important role in improving 
agricultural productivity. However, there is also concern that because 
most of the new biotechnologies are developed and used in industrialised 
countries under environments which differ greatly from here, it is impor
tant that appropriate technology is selected for different levels and time 
frames so that smallholder farmers can benefit not only from the products 
of biotechnology but also from using it. 

Biotechnologies useful to agriculture range from the basic fermentation 
technology applicable to smallholder farmers to genetic engineering, a 
complex and expensive technology which only very advanced research 
laboratories can carry out. 

Plant biotechnological applications like the propagation of new crop 
varieties, or high value crops, has been in Malaysia for some time. There 
are no less than 12 tissue culture laboratories, both government funded 
and private, in Malaysia producing plantlets of oil palm, banana, papaya, 
orchids and other ornamentals for sale. There is demand for tissue culture 
derived quality planting materials, and the. demand is likely to increase if 
plantlets are also certified disease free . 

Major research institutions and universities in Malaysia are already 
working on recombinant DNA technology for rice, fruit trees (MARDI), 
oil palm (PORIM) and rubber (RRIM) to create new varieties with supe
rior traits. The research division of the Department of Agriculture at pre
sent, cannot yet apply recombinant DNA technology . This is because re
searchers still need to acquire the basic tools and skills. Moreover, bio
technological plant breeding is also very much more expensive than con
ventional plant breeding. ProdUCing a new plant or animal variety 
through genetic engineering has been reported to take 5-10 years com
pared to 15-20 years by conventional breeding methods . This significant 
reduction in time is a definite advantage; more so if the new variety is 
also resistant to specific pest or disease. 

In order to be able to use genetic engineering to improve agricultural 
output research can be done jointly with the Department of Agriculture 
who have the genetic resources . Thus when a new variety is produced, it 
can be tested and validated using conventional approaches at the Depart
ment's various experimental stations. 

In using biotechnology to tap agricultural resources it will be necessary 
to examine the social and economic implications involved. The issues re
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garding farmers rights, licensing, patents will have to be carefully con
sidered. Finally, there must also be studies to evaluate the risk of the re
lease and spread of genetically modified organisms, for example, the 
danger of genetically engineered genes and organisms spreading to other 
plant species. 
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III 
INTRODUCTION 

Taken in the broad sense of biotechnology as meaning the use of biologi
cal processes to generate a targeted product or a specific piece of infor
mation, the Rubber Research Institute of Malaysia (RRIM) has alwaysII 
been committed to biotechnology research on the rubber tree, Hevea 
brasiliensis. Besides research involving bioreactors or tissue culture that 
immediately brings to mind an association with biotechnology, various 
aspects of Hevea biochemistry and physiology also fall within this defini
tion of the discipline. Some of the RRIM's biotechnology research is of 
an applied nature, being relevant to the natural rubber industry, whileII other aspects are undertaken in recognition of their strategic importance 
to the Industry. Unlike applied research, result derived from strategic re
search may not be ready for immediate adoption and exploitation. Their 
importance lie in their fonning of a framework around which significant 
advancements In the industry may crystallize. A fair amount of the work 
is being undertaken in collaboration with universities and other research 
organisations, both within and outside the country, as well as with rele
vant industries. 

A sampling of the RRIM's biotechnology research is presented here, 
this representing a cross-section of the scope of work being carried out at 
the Institute. A brief account of the recent research results is given and 
how they address the needs of the natural rubber industry is noted. 

Research may be categorized as being "Technology push" orientated 
or "Demand pull" in nature in the context of how they pertain to the 
various requirements of industry. "Technology push" research projects 
that are aimed at creating new opportunities in advancing the natural rub
ber industry include rubber biomodification, rubber biosynthesis, molecu
lar marker technology and reproductive biology. A current "Demand 
pull" project which has been identified by the industry is that pertaining 
to the problem of latex allergy. Projects such as Hevea genetic transfor
mation fall somewhere between the "push" and "pull" categorizations. 
Other biotechnology activities in the RRIM include contract research 
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carried out for a major European pharmaceutical company. However, 
contractual obligations do not permit the results to be discussed here. 

TECHNOLOGY-PUSH RESEARCH 

Biomodification of Rubber 
Biological approaches are being developed in the microstructure modifi
cation of NR to yield clean and safe polymer products free of chemicals. 
Microbial-mediated degradation of NR was attained using a mixed cul
tures of a gram-negative coccus and a microalga, under the experimental 
conditions, significant reductions in molecular weights of the dry rubber 
products are observed (34-36% in the bottle experiments; 1657 % in the 
fermenter experiments) . This work is being carried out in collaboration 
with Universiti R:.ebangsaan Malaysia. 

Rubber Biosynthesis 
The regulation of rubber production from the rubber tree is studied by 
examining factors that inhibit or promote isoprene incorporation into rub
ber. In the work carried out in collaboration with the University of Hert
fordshire, UK, a proteinaceous stimulator of rubber biosynthesis has been 
purified from the latex C-serum. The stimulator is 13.1 kDa in size, and 
is heat-stable. Enzymatic digestion by trypsin gives two main fragments 
which have amino acid sequences homologous to those of the "eukaryotic 
Initiation Factor 5A" (e1F-5A) from alfalfa and tobacco. A protein that 
inhibits isoprene incorporation into rubber has also been isolated. The 
inhibitor has a molecular weight of 43.7 kDa and peptide fragments show 
homology to patatin, a protein which constitutes approximately 40 % of 
the total protein in potato tubers. How the Hevea "e1F-5A" and "patatin" 
are involved in promoting and inhibiting rubber biosynthesis respectively 
- and thereby regulating rubber production in the tree-is a subject of 
current investigations. 

Molecular Marker Techniques 
While the strategies employed in breeding Hevea brasilliensis have not 
changed substantially over the past twenty-five years, new approaches are 
being examined. Various molecular markers are being explored for their 
use as tools in genetic studies that could yield results applicable to Hevea 
breeding. 
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In a collaborative research with the Forest Research Institute of Ma
laysia, isozyme markers have been used to determine genetic distances 
and relatedness between Hevea clories, such information being useful in 
the choice of parental clones for artificial pollination. Clones selected 
from the most divergent groups would be useful candidates for setting up 
crosses aimed at achieving high heterosis and vigour in the progenies, 
iozymes have also been used to verify clonal pedigree, to check clonal 
purity of source bushes and to identify common Hevea clones under 
commercial planting. Isozyme markers have further been used to estab
lish the limit of Hevea pollen dispersal as being approximately 1. 1 km. 

In the search for new molecular markers for Hevea genetic studies, 
various DNA based markers are being developed. Hevea. DNA is 
screened using techniques such as restriction fragment length polymor
phism (RFIP) , random amplified polymorphic DNA (RAPD) , DNA 
amplified fmgerprinting (DAF) and amplification fragment length polyr
norphism (AFLP). Interspecific and intraspecific polymorphisms have 
been demonstrated. 

Pollen Storage 
Another aspect of research with direct relevance to Hevea breeding con
cerns pollen storage. Hevea pollen is short-lived and does not normally 
germinate if stored for more than a day. Hence, there is difficulty in car
rying out crosses between clones that do not flower synchronously. Using 
a procedure of pollen desiccation and cryo-storage, pollen that had been 
stored for seven weeks was used for hand-pollination. The first plants 
ever produced through pollination with stored pollen have been obtained. 

D~PULLRESEARCH 

Latex AUergy 

The Malaysian latex industry, involving mainly the manufacture of medi

cal devices such as examination and surgical gloves, is worth over 

RM2.6 billion. In recent years, there have been report that a small pro

portion of people are allergic to certain latex proteins. Several strategies 

are adopted to meet the threat of the latex allergy problem to the latex in

dustry. Among the major research priorities in this regard is the identifi

cation of the protein allergens responsible 
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Three allergenic proteins have been identified through a research col
laboration with Universiti Sains Malaysia. These have been recognized 
by the International Union of Immunological Societies (lUIS) as "highly 
purified allergens" and assigned the FAO/lUIS names Hev b 2, Hev b 3 
and Hev b 4 . The proteins Hev b 2 and Hev b 4, showing molecular 
weights of 34136 kDa and 50-57 kDa respectively under reducing condi
tions, are derived from the latex B-serum. Hev b 2 has been identified 
pl.3 glucanase from its amino acid sequence and enzymic activity. Hev b 
4 is found to be a component of the B-serum microhelix protein complex. 
The third allergenic protein, Hev b 3, of 24 kDa is shown by immuno
gold labelling and electron microscopy to occur on the surface of small 
rubber particles of natural rubber latex. Unlike the other two allergens 
which affect mainly adults, Hev b 3 is associated mainly with children 
will the spilUl bijida condition. Monoclonal antibodies against the three 
protein allergens have been developed. 

Genetic Transfonnation 
The RRIM is currently engaged in genetic transformation research that 
would enable genes that code for valuable foreign proteins, such as 
pharmaceuticals, to be inserted into the, rubber tree . These genes will be 
engineered to e;q>ress themselves in the latex that can then he harvested 
by tapping the transformed tree. Essentially then, each transgenic rubber 
tree becomes a mini-factory dedicated to the production of the target 
pharmaceutical. Examples of protein-based pharmaceuticals are insulin 
for diabetic, clot-dissolving plasminogen activators for cardiac treatment, 
tumour necrotic factors to combat cancer, viral coat proteins for vaccines 
and so forth. 

Initial success has been achieved in the genetic transformation of the 
rubber tree using the gus gene as a model system. The effort has resulted 
in the production of the first transgenic rubber plants in the world. In this 
work, the gus gene construct is transferred into Hevea callus tissue either 
through Agrobacterium-mediation or by particle bombardment. The 
complete plantlet is then regenerated from the transformed callus through 
somatic embryogenesis in vitro. Synthesis of the GUS protein has been 
shown in latex obtained from the transgenic rubber plant. In the next step 
of this research, currently being carried out in collaboration with a rna or 
multinational company, the gus gene is substituted with a gene that codes 
for a peptide of commercial importance. 
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INTRODUCTION 
Biotechnology, once the subject of much hype in the financial world, is 
now beginning to deliver some of its pro~s. In their annual survey of 
the US biotechnology industry, Ernst & Young reported that over the last 
10 years, sales increased from US$l.1 billion to US$9.3 billion while 
R&D spending grew from US$1.7 billion to US$7.7 billion (Bullock, 
1996). The number of biotechnology companies in the US now stands at 
over 1,300 compared to 850 in 1986. It is predicted that the amount in
vested in biotechnology companies through public stock offerings and 
private fmancing in 1996 could break all records (Blatt, 1996). In the first 
quarter of 1996, about US$2 billion were raised as investment in biotech
nology, almost half the amount that went into the sector in the previous 
boom year of 1991. 

Against this "bullish" atmosphere, the Ernst & Young report looked 
favourably upon the agricultural biotechnology (agbiotech) sector. Al
though agbiotech companies are not the most profitable presently, the re
port states that this sector is a worthwhile long-term investment. The 
need to increase food production to feed twice the present world popula
tion by about 2035 should justify investment in any technology that has 
the potential to make this possible. At a projected annual growth rate of 
20-28%, the highest forecast in all biotechnology sectors, worldwide ag
biotech sales is expected to grow from US$130 million in 1994 to 
US$1.49 billion in the year 2004 (Anon, 1995). 

Given this encouraging scenario of the growing importance of the bio
technology business, it is perhaps timely that we examine the pertinence 
of this technology to Malaysia, in particular, the oil palmlpalm oil indus
try. The rapid expansion of the industry in Malaysia since the 1960s has 
resulted in palm oil being a major player in the world I s oil and fats mar
ket. Although palm oil makes up 17 % of world production of oils and 
fats, it accounts for 35% of the market. It is therefore an export-oriented 
industry. As such, there is the constant need to enhance its competitive
ness . Reducing cost of production, fmding novel uses for the oil and ex
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pansion into new market niches are some of the strategies for achieving 
this . 

As the crop with the highest oil yield, the oil palm has the potential to 
become the major producer of both edible oil and renewable industrial 
feedstocks . Biotechnology offers several means by which this potential 
can be realised. This paper will describe some applications of genetic 
engineering and bioprocessing for enhancing the value of palm oil. 

GENETIC ENGINEERING FOR OIL QUALITY 

Elucidation of the pathways of oil synthesis in plants started in the early 
1950s (Stumpf, 1996). Since then, the area has been intensively studied in 
several laboratories (Ohlrogge and Browse, 1995; Harwood, 1996). This 
has recently led to much interest in genetically modifying oil crops to 
change oil quality (Murphy, 1995; Topfer et at., 1995). The quality of an 
oil is a reflection of its fatty acid composition (FAC), and this determines 
its functionality. It is thus envisaged that changing the F AC of an oil 
could improve or extend its usage. The first successes in genetic engi
neering plants for oil quality came in the production of high stearate and 
laurate-containing rapeseed oils (Kridl et al., 1993). 

The F ACs of palm oil and palm kernel oil render these oils applicable 
to both edible and non-edible uses. However, in order to venture into 
new markets, a change in FAC is desirable. PORIM's interest in apply
ing gene technology to the oil palm is thus for the production of oil with a 
high content of the monounsaturated fatty acid, oleic acid. Such an oil has 
the potential to open up markets for palm oil in the liquid oil sector. In 
addition, the oleic acid is useful as an industrial feedstock. A multi
disciplinary approach has been taken at PORIM for the implementation of 
a concerted programme to develop the tools and techniques required for 
genetic engineering the oil palm (Cheah et al., 1995). The strategy 
adopted is to alter the expression of genes of the enzymes controlling the 
levels of palmitic and oleic acid in palm oil so that as much of the palmi
tate as possible is converted to oleate. 

Biochemical studies carried out on fatty acid synthesis in the oil palm 
mesocarp have indicated that the enzymes acyl ACP thioesterase and 
beta-keto acyl ACP synthase 11 control the levels of paimitate and oleate. 
Thioesterase activity in the crude extract showed a marked preference for 
paimitoyl ACP (Sambanthamurthi and 00, 1991). Anion exchange chro
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matography resulted in the resolution of two peaks, one showing a 
marked preference for paimitoyl ACP and the other for oleoyl ACP. The 
results thus establish that the chain termination reactions of CI 6:0 and Cl 
8: 1 are independent, paving the way for the possibility of reducing 
paimitate by switching off the paimitoyl ACP thioesterase gene. 

At PORIM, the enzyme beta-keto acyl ACP synthase 11, or KASII, 
bali been purified more than 1O,OOO-fold. The activity of the enzyme in 
the mesocarp correlates positively with the level of unsaturation of the 
fany acids present in the crude oil extract. Activity of KASII increased 
with fruit ripening, reaching a maximum at 20 weeks after anthesis . The 
results of these investigations suggest that high levels of palmitate in palm 
oil is likely to be due to low KASII activity and the specificity of the 
thioesterase for paimitoyl ACP. 

As commercial palm oil is extracted from the mesocarp of the fruit , 
any effort at in vitro gene manipulation to change the oil will have to be 
directed to this tissue. For this purpose, PORIM's researchers have given 
much attention to the identification and isolation of genes specifically ex
pressed in the mesocarp during oil synthesis. As acyl carrier protein 
(ACP) activity has been shown to be induced just before the start of oil 
synthesis (Slabas et al., 1987), the gene of this protein serves as a tempo
ral marker. Attempts at isolating the ACP gene have resulted in the iden
tification of several putative cDNA clones from a mesocarp library. 

Studies on differential gene regulation in the mesocarp employ the 
technique of comparing in vitro translated products of expressed genes 
during various stages of development. Stage-specific proteins have been 
identified (Abdullah et ai, 1994). The techniques of differential hybridi
sation and subtractive probe hybridisation have picked out several 
mesocarp-specific clones from a mesocarp library. 

Northern blot analysis has confirmed the tissue-specificity of some of 
these clones. 

Realizing the need for a means to introduce the manipulated gene(s) 
into the oil palm, much effort is being put into developing a reliable 
transformation method. Both direct DNA uptake and microprojectile 
bombardment have been attempted for this purpose. Transient expression 
of the beta-glucuronidase (GUS) reporter gene has been observed in vari
OUS transformed tissues, including pollens, young leaves and embryogenic 
calli. The regeneration of the transformed tissues into whole plants has 
yet to be achieved. 
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MOLECULAR GENOMICS 

Mapping Oil Quality Traits 
While genetic engineering is receiving much attention, a quiet revolution 
is taking place in the field of molecular genomics. The techniques of 
molecular mapping and sequencing have been applied to a large number 
of crops. The ability to clone genes by map-based techniques (Ganal et 
at. , 1990) already exists for plants with small genomes, such as Arabi
dopsis thaliana (Putterill et al., 1993) and those with very dense genetic 
maps, such as tomato (Zhang et aI., 1994) . 

In the effort to attain such capabilities in the oil palm, the construction 
of genetic linkage maps was initiated. The maps are being developed us
ing restriction fragment lenth polymorphism (RFLP), random amplified 
polymorphic DNA (RAPD) and amplified fragment length polymorphic 
(AFLP) markers. The progenies of the crosses selected for mapping are 
segregating for oil quality characteristics, thus facilitating the mapping of 
the genes controlling these traits. 

Applications in Plant Identification 
The use of DNA probes in plant variety identification is weH established. 
At PORIM, probes based on RFLP have been developed for such a pur
pose (Cheah et. at. , 1993). Lately, the techniques were adapted for appli
cations in oil palm tissue culture (Cheah and Wooi, 1995). The work 
demonstrated how the technology could be applied to the quality control 
of the tissue culture process. The RFLP probe technology was launched 
by PORIM in May 1996 for commercial applications in clonal identifica
tion (Cheah et at., 1996). In this process, RFLP probes can be used to 
monitor the uniformity of tissue culture lines, and plants which do not 
belong to a particular line are identifiable. A possible explanation is that 
these non-uniform lines are due to culture mix-up in the laboratory. In the 
process of re-cloning of palms, the technique has been applied to check
ing the identity of the ramets to be re-cloned. The molecular probes were 
also found to be able to distinguish clones . Such a means of identification 
will have important implications when intellectual property rights (IPR) 
can be provided for oil palm clones. 
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Bioinfonnatics 
The explosive growth of biotechnology in recent years occurred almost in 
parallel with the expansion of information technology . These two have 
merged in the formation of the new field which has become known as 
computational biology or bioinformatics. The increase in DNA sequence 
information has been phenomenal , doubling every 18 months since 1980. 
It was predicted that this accumulation of DNA data will lead to a 
"paradigm shift" in biological experimentation (Gilbert, 1991). 

Much of this information explosion has been brought about by large
scale D NA projects such as the sequencing of the human genome. To 
date, the genomes of three prokaryotic microorganisms (Haemophitus in
jWenza, Mycopiesma genitatium and Staphylococcus aureus) and the eu
karyotic yeast (Saccharomyces cerevisiae) have been completely se
quenced. At the same time, other organisms such as the nematode, 
Caenorhabditis elegans, and the higher plants, Arabidopsis thatiana, rice 
and maize, are also being sequenced on a large-scale. Data from all these 
studies are constantly being fed into the public databases enabling their 
use in the identification of unknown DNA by sequence comparison. 

At PORlM, we are putting effort into utilising bioinformatics for the 
development of a database of oil palm DNA sequences in the form of ex
pressed sequence tags (EST). The cDNA clones available in our lab are 
being put through single pass sequencing in order to generate sequences 
for homology search in the publically available DNA databases on the 
Internet. The sequencing effort has been rewarding in that about 20% of 
the sequences have homologies with known genes. In addition, these 
cDNAs also serve as markers for map construction. This will add value 
to the map as the identity of some of the markers will be known. 

BIOMODIF1CATION OF PALM OIL 

The interconversion of oils and fats by the processes of interesterification 
and transesterification is a well established practice in the food industry. 
The prospect of being able to replace these energy intensive chemical 
processes with biologically catalyzed ones occurring at near ambient tem
peratures has provided the impetus for much research into enzymic 
modification. The major enzyme for these processes is microbial lipase. 

The simplest application of lipase is in the hydrolysis of lipids to fatty 
acids and glycerol. The process is useful in cases where chemical purity 
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is not essential . In Japan, the process has been commercialised for the 
production of fatty acids for soap manufacture (Falbe and Schmid, 1986). 
Lipase-catalysed fat splitting has been shown to be adaptable to palm oil 
(Khor et al., 1986). The process is, however, not attractive commercially 
as the end-product is mainly a mixture of paimitic and oleic acids which 
does not fetch a high price (Koh and Tan, 1995). 

The use of lipase for modifying palm oil and its fractions by inter
esterification is perhaps the more viable aspect of bio-modification of the 
oil . Recently, an immobilized process for the interesterification of palm 
olein was reported (Harnidah et at., 1995). The accumulation of triolein 
and tripalmitin was observed. However, the desired product of most of 
the processes developed is for the conversion of palm oil to the higbly 
valued cocoa butter (Macrae, 1983; Bloomer et at., 1990; Chong et al., 
1991). The process has been the subject of several patents, notably by 

. companies in Japan (Matsuo et aI., 1980) and the U.K. (Coleman and 
Macrae, 1980). Commercialisation on a limited scale was also attempted. 

A more imaginative approach to interesterifying palm oil exploits the 
specificity of the lipase in its use for the production of margarine and 
salad oils (Graille et al., 1992). Since lipase-catalyzed interesterification 
does not give rise to trans fatty acids, it is particularly useful for harden
ing oils in the production of zero-trans margarine (Moharnad et al., 
1995). Such a product will have a niche in today's health food market, as 
will palm oil interesterified with the nutritionally desirable omega-3 poly
unsaturated fatty acids (Li and Ward, 1993). 

BIOCONVERSION OF OILS AND FATtY ACIDS 

It has been shown that vegetable oils are capable of generating a myriad 
of industrially important products through biological conversion (Schmid, 
1987). This is an attractive alternative to chemical processing as less en
ergy is required and the products are more specific. The use of enzymes 
and microbial cells has been the most common way of achieving conver
sion of fatty acids . 

Enzymes such as Jipoxygenase, desaturase, reductase and hydroxylase 
are applicable to the conversion of fatty acids. These reactions are diffi
cult to commercialise as one has to contend with their need for expensive 
co-factors. In addition, the conversion tends to be multi-stage. For ex
ample, bioreduction of fatty acids to fatty alcohols requires three steps 
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with the input of three co-factors, NADH, CoA and ATP (Kollattukudy, 
1980). The prospect of harnessing such a process for industrial applica
tion appears distant. 

The conversion of palm oil by microbial fermentation is, however , a 
feasible process. When fed to the yeast, Candida lipolytica, palm stearin 
was shown to be converted to an oil with over 50 % unsaturated fatty ac
ids (Montet et at., 1985). Another yeast, C. rugosa, also has the capabil
ity to transform palm oil into a more unsaturated oil (Laborbe et al., 
1989). 

Perhaps a more attractive process is the conversion of palm oil to bio
surfactants. Several microorganisms are known to secrete compounds 
which have surfactant properties. These compounds can be glycolipids, 
acyl peptides, phospholipids, fatty acids or high molecular weight poly
mers. The use of palm oil as substrate for the production of glycolipid 
surfactants by yeast has been reported (Inoue et at., 1988). In another re
port, the yeast, C. anlartica, was found to produce a mixture of manno
sylerythritol lipids (MEL) during growth in palm oil (Kitamoto et al., 
(990). Such observations warrant the need for further research as these 
biodegradable surfactants offer much in terms of environment friendli
ness. 

FUTURE PERSPECTIVES 

It has been predicted that biotechnology wiIl change industries in the next 
millennium. Instead of carrying out enzymic or microbial cell mediated 
manufacturing, plants and animals could be transformed with relevant 
genes for the manufacture of a wide array of industrial products and 
pharmaceuticals. This term, "molecular farming" has been coined to de
scribe this application (Hemming, 1995). The recent demonstration that 
plants could be genetically transformed to produce polyhydroxybutyrate 
(PHB) (Poirier et aI., 1992), a thermoplastic polymer, is an example of 
what is possible in the future. 

It is rather tempting to take a peek at what might be feasible for the oil 
palm as a bio-factory. In oil palm, most of the acetyl-CoA intermediate is 
presumably channelled into lipid biosynthesis. Transforming the palm 
with the genes for plastic polymer synthesis could divert the acetyi-CoA 
from lipid to PHB synthesis. 
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In plants, acetyl-CoA is also the precursor of the isoprenoid pathway 
(Chappell, 1995) which leads to the biosynthesis of several biologically 
important compoJIDds such as the carotenoids, sterols, ubiquinone and 
monoterpenes. Several of these compounds are potentially useful as 
therapeutic drugs. In palm oil, these are present as minor components 
(Goh et ai, 1981). However, knowledge of their biosynthesis at the mo
lecular level should provide the key to how the palm can be engineered to 
become a major source of pharmaceuticals. 

Presently, the most likely candidate for this in vitro approach is the 
genetic manipulation of carotene biosynthesis. Knowledge of the molecu
lar control of its synthesis is relatively advanced (Bartley and Scolnik, 
1994) compared with that of the tocopherols and tocotrienols (Draper, 
1980), another class of compounds with therapeutic potential in palm oil. 
Given the productivity of the palm, such novel transformations are 
awaiting in the new"Age of Biology". 
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