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NOTICE: The project that is the subject of this discussion paper was 
approved by the Govern ing Board of the Nat ional Research Council, whose 
members are drawn from the councils of the National Academy of 
Sc iences, the Na�ional Academy of Engineering, and the Institute of 
Medicine. The members of the adv isory group respons ible for the report 
were chosen for the ir spec ial competence& and with regard for 
appropriate balance. However, the material they have prov ided for this 
paper represents the ir individual assessment and recommendations. 

This discuss ion paper has been reviewed by a group other than the 
authors according to the procedures approved by a Report Review 
Committee consisting of members of the National Academy of Sciences, 
the National Academy of Engineering, and the Inst itute of Medic ine. 

The National Research Council was established by the National 
Academy of Sciences in 1916 to associate the broad community of science 
and technology with the Academy's purposes of furthering knowledge and 
of advising the federal government. The Council operates in accordance 
with general policies determined by the Academy under the authority of 
its congressional charter of 1863, which establishes the Academy as a 
private, nonprofit, self-governing membership corporation. The Council 
has become the pr incipal operating agency of both the National Academy 
of Sciences and the National Academy of Engineering in the conduct of 
their services to the government, the public, and the scientific and 
engineering communities. It is administered jo intly by both Academies 
and the Inst itute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were established in 1964 and 1970, 
respectively, under the charter of the National Academy of Sciences. 

This paper has been prepared by the Board on Science and Technology 
for International Development, Office of International Affairs, 
National Research Council, for the Miss ion to Thailand, U. S. Agency for 
International Development, under an amendment to Grant No. 
DAN-5538-G-00-1023-00. 
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National Research Council 
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INTRODUCTION 

Thailand possesses relatively well-developed scientific and 
technical institutions and personnel, but its continued economic and 
social development will rely heavily on the creative use of its natural 
and human resources. Economic development is occurring primarily in 
Bangkok and a few other major urban areas, while the rest of the country 
lags behind. 

Consequently, Thailand's five-year economic development plan 
emphasizes the need to apply science and technology to increase 
productive activities throughout the country. Given this emphasis and 
an agency-wide focus on increased investment in science and technology, 
the u.s. Agency for International Development (USAID) Mission in 
Thailand proposes to assist in the development of a new national science 
program. USAID has asked the National Research Council (NRC) through 
its Board on Science and Technology for International Development 
(BOSTID) to join with it and the Royal Government of Thailand (RGT) in 
implementing such a program. 

As a first step, a workshop was organized in June 1984 by the Thai 
Ministry of Science, Technology, and Energy (MOSTE) and BOSTID to 
provide input for the development of a strategy for a national program 
in science and technology for development. The areas of focus at this 
workshop, which was convened in Bangkok, included (1) bioscience and 
biotechnology, (2) metallurgy and materials technology, and (3) applied 
computer and electronic technologies. 

Based on this workshop, the Royal Thai Government decided that the 
initial activity under the USAID program would focus on the development 
of biotechnology largely because 

o Thailand is a fertile country with a vast pool of underutilized 
natural bioresources that can be developed into useful value
added products. 

o Thailand has a relatively large number of qualified professional 
personnel in the basic life sciences, animal and human health, 
and agriculture. 

o Genetic engineering and biotechnology require relatively little 
capital compared with other areas of technology, thus increasing 
their suitability for transfer to Thailand as well as their 
development locally. 

- 1 -
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o The significant progress already achieved in biotechnology can 
be translated into major improvements in agricultural and 
industrial productivity and health. 

o Thailand's agricultural yields need to he enhanced by improving 
disease-resistant crop varieties, controlling mycotoxin 
contamination, improving milk production, and controlling fish 
and animal diseases. 

Problems related to public health, agriculture, and a rapidly 
expanding agro-industrial sector make it desirable to utilize various 
levels of biotechnology. Furthermore, the urgency of these problems 
does not allow time for traditional approaches nor do their complexities 
lend themselves to solutions through conventional research alone. 

To strengthen Thailand's capabilities in this area, the Royal Thai 
Government recently established a National Center for Genetic Engineer
ing and Biotechnology (NCGEB) . This center is conceived as a national 
program or a "center without walls" to support research and development, 
including the coordination and facilitation of communication among the 
numerous disciplines, in the agricultural and industrial implementation 
of biotechnology in Thailand. 

After the decision was made to develop the NCGEB, BOSTID was asked 
to arrange a visit by an advisory group to Thailand to make recommenda
tions on the overall establishment of the center, alternatives for rapid 
and effective commercial utilization of technology emerging from the 
center, and problems already identified by senior officials of the Royal 
Thai Government as areas that might benefit from the application of 
biotechnology. Topics to be considered were discussed in working groups 
composed of seven United States members and Thai scientists and govern
ments officials. These topics might include: 

o Diseases of cultured freshwater fish 
o Control of aflatoxin in corn 
o Utilization of cassava 
o Development of animal biotechnology 
o Plant cell culture and alternative crops 

Reports of the individual working groups on these five areas 
comprise Part II of this report, while Part I deals with the program of 
the center and ways to encourage commercial use of its output. It is 
recognized, however, that biotechnology can make a major contribution 
to other problems, and it is assumed that they will be addressed as the 
program progresses. Members of the advisory and working groups are 
listed in Appendix A. 

This report was prepared by Rose Bannigan of the BOSTID staff, based 
on papers written by Thai participants and u.s. experts. Appendixes B 
and C were prepared by Yongyuth Yuthavong, Vice-Director, National 
Center for Genetic Engineering and Biot.echnology. The papers have been 
edited to eliminate duplication, but the final draft was reviewed and 
approved by the u.s. experts and the Thai organization committee. Sabra 
Bissette Ledent edited the report. 
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PART I 

OVERVIEW 
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OVERVIEW 

The establishment of a National Center for Genetic Engineering and 
Biotechnology (NCGEB) in Thailand presents unique challenges, probably 
unparalleled in the world. The opportunities to integrate a variety of 
disciplines as well as both the old and new technologies associated 
with biotechnology and to direct them toward major economic problems 
confronting Thailand are not in themselves unique. What is unique, 
however, is the conviction of the Ministry of Science, Technology, and 
Energy (MOSTE) and of the Royal Thai Government that converting the 
technological fruits of center research into economic realities will 
benefit Thailand. 

In developing a biotechnology center, the challenge faced is how to 
formulate a structure that provides sufficient flexibility for the 
introduction of new ideas and approaches while at the same time main
taining the structure necessary to support national and international 
credibility for the center. Successful integration of the technologies 
generated by academia and industry with the government's strong desire 
to exploit emerging technologies to solve problems and establish new job 
opportunities could result in a center that even serves as a model for 
developed countries. 

DEFINITION OF BIOTECHNOLOGY 

The term "biotechnology" means use of a biological system to produce 
a product, use of a biological system as a product, or use of the tech
niques of biotechnology to indirectly provide a prod uct, process, or 
service. By this definition, biotechnology is an old and well
established technology, which has generated many products, processes, 
and services. 

There are many examples of cases in which a biological system is a 
product. The most significant examples are crop seeds, including hybrid 
seeds; animal breeding stock; semen for artificial insemination; and 
embryos for transplant in animal husbandry. Clearly, biotechnology 
cuts across many areas. 

- 5 -
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CONCEPTUAL FRAMEWORK 

Biotechnology represents new methodologies that can address some 
traditional and new problems of Thailand. Fortunately, Thailand has 
invested in the development of a human resource base in this area at 
several institutions (see Appendix B) . Thus, the new center will help 
focus these resources on the social and economic development of 
Thailand, utilizing close linkages between the public and private 
sectors. Through this process, it will create a critical mass under 
which new technologies and resources from outside Thailand can be 
exploited. 

ORGANIZATIONAL COMPONENTS 

The proposed organizational structure of the new biotechnology 
center is shown in Figure 1. The Policy Advisory Committee establishes 
policy and overall direction as well as national priorities and reviews 
budgets and staff to ensure that national objectives are being met. 
The International Steering, Oversight, and Evaluation Committee (ISOEC) 
ensures that international inputs--primarily technical--are introduced 
into the program at the outset. Through an efficient monitoring pro
gram, ISOEC evaluates the progress of all major projects against their 
specific goals and objectives so as to establish a high level of inter
national credibility. 

The center, which in effect coordinates and promotes biotechnology, 
clearly requires extremely effective lines of communication, not only 
among its internal bodies, e. g. , Policy Advisory Committee and the 
technical committee(s) , but also, and most importantly, with the highest 
levels of government, such as the ministries of science, technology, and 
energy; industry; health; and agriculture and cooperatives. It will 
also link the universities at both the rector level, through its Policy 
Advisory Committee, and at the working level, through its technical 
committee(s) . 

International linkages are essential to ensure recognition of the 
center worldwide. At the outset, international representatives should 
sit on the center's International Steering, Oversight, and Evaluation 
Committee, which will participate in the review process. The inter
national stature of the center will depend upon the credibility of the 
science that emerges from its program. This credibility will be 
facilitated by the participation of Thai scientists in internatfonal and 
regional scientific meetings and symposia. Such participation should 
be encouraged and supported. 

Policy 

Statements governing policy of the new center must be sufficiently 
flexible to allow individual judgment at the lowest possible levels, 
while providing a framework of guidelines that constitute an appropriate 
organizational structure. Several general guiding principles are 
essential: 
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Ministry of Science, 
Technology, and Energy! 

--------�-------- ' 

Policy 
Advisory 
Committee 

IInt'l Steering, !Executive Committee 
!oversight and Eval-1 !Director 
luation Committee , -- , 

-------,----------

Support 
Services 

Technical 
Program 
Staff 

Technical 
Committee(s) 

FIGURE 1 Proposed organizational structure of the National Center for 
Genetic Engineering and Biotechnology. 

o There must be balanced representation within the center, 
including 

various ministries at the policy level, 
the private sector at both the technical and policy levels, 
and 
all participating universities. 

o Research programs must be developed based on clearly defined and 
established goals and objectives, and implemented on the basis 
of merit. Once a program is initiated, its progress toward 
goals should be monitored throughout the life of the program. 
Open-ended research without objectives and time-defined goals 
should not be encouraged. 
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Industrial representation on center committees should occur at 
several levels: 

o Policy. Questions of patent exclusivity, royalty rights, and 
coownership of inventions should be resolved within the Policy 
Advisory Committee. Representation from the private sector 
should be at senior levels of people responsible for both the 
commercial and technical aspects of the business. 

o ISOEC. The industrial representative should be a senior, 
established technical person with a sound technological back
ground, but not necessarily scientifically active. 

o Technical committees. At least two individuals from the private 
sector should be on each committee. One should be strong in the 
technical and scientific areas, and the other should have 
strengths in engineering and the commercial aspects. 

Both short- and long-term research programs should be conducted. 
The former must contain clear statements of potential economic impact 
and inferences as to how the new technology can be utilized. 

Patents 

Provisions must be made for patent of novel discoveries generated 
by the research center programs. Efforts to obtain patents should be 
encouraged. Once a patent position has been established, industry 
should be allowed to bid for an exclusive position with the patent. 
Any modifications, e. g. , when coexclusivity has been determined more 
beneficient, should be agreed to at the policy level. Royalty payments, 
length of exclusivity, etc. would be established on a case-by-case basis 
with final approval residing with the Policy Advisory Committee. 

Sources of Funding 

Although funds should be sought from a variety of sources, including 
the private sector, the Thai government (via grants or loans from the 
United States or other countries) should remain the dominant supporter. 
The government should always maintain an adequate level of core support 
to retain basic control over the program so that the original objectives 
of the center are.not compromised by relying solely on outside funding. 

STRATEGIC ASPECTS 

Balance 

Balance throughout the structure of the center is essential to its 
success. This need reflects the rather ubiquitous nature of biotech
nology and the vast array of opportunities exploitable utilizing 
biotechnological 
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techniques. Balance must start at the top and include ministry repre
sentatives in industry, health, and agriculture as well as science, 
technology, and energy, as these ministries will unquestionably parti
cipate in the development and use the products of the science itself. 
Furthermore, balanced representation of the various universities on the 
technical committee(s) and the Policy Advisory Committee must reflect 
the participants' individual areas of expertise in health, agriculture, 
and engineering. 

Self-Evaluation 

A functional evaluation program conducted through an outside review 
process is needed to structure and maintain a center that has credi
bility and attracts international attention. This program should 
include both scientific review as well as review of the potential tech
nological impacts, e. g. ,  through industrial representation. 

Resource Deployment 

The vast majority of researchers will, of course, be housed at their 
respective universities and will use their own equipment. Although the 
mechanism for capital purchases will be resolved later, it is essential 
that revenue expenditures be sorted out as soon as possible as funds are 
already being spent. 

Technology Transfer 

The Ministry of Science, Technology, and Energy and its current 
minister have made a major commitment to full utilization of technolo
gies produced by the center. The minister has clearly stated that the 
transfer process must enhance the economic viability of Thailand through 
the generation of new industry and opportunities. This process can be 
partially assured by policy statements, industrial representation in the 
program aspects, and provision of proper patent and license protection. 
Only continual monitoring, however, will ensure full utilization of 
research. 

Commercial exploitation of technology generated by the center is the 
primary objective, but it is envisaged that much additional and useful 
information will be produced. Publication of this information in 
scientific journals will be strongly encouraged through the technical 
committee(s) , and it will be carried to the public through the existing 
or new extension services and other means of communications. 

In addition to ensuring that the technology developed is conveyed 
to the private sector, the center should also be able to advise and 
serve members of the private sector upon request regarding existing 
biotechnological processes. This is especially needed at the current 
time as small- and medium-sized industries do not have a research and 
development capability, and they are seeking the appropiate technologies 
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and processes from abroad. For these cases, the center could use 
individual consultants as well as multidisciplinary, interinstitutional 
teams to offer guidelines and services to a company or ministry 
considering purchase or utilization of an existing technique or equip
ment. Provision of these types of services, however, requires that the 
center have the ability to sign secrecy agreements with private com
panies, especially when the latter are paying for the services. This 
will increase the value of the center to the private sector in the bio
technology field and pave the way for a strong industrial-biotechnology 
association. Further elaboration regarding implementation of such an 
activity will require greater in-depth study. 

OPERATIONAL ASPECTS 

Considerable resources have been invested in the development of a 
biotechnology capability in Thailand. A large number of young profes
sionals have been trained in the country and at foreign universities 
and institutions. Modern instrumentation and, in some cases, support 
facilities have been developed in several laboratories. Finally, senior 
universities are in various stages of institutionalizing biotechnology 
programs (see Appendix C) , with the result that Thailand has attracted 
international attention to this field of research. Indeed, some of the 
activities may contribute to the solution of problems in other 
countries. 

The Royal Thai Government has recognized that successes in 
agriculture and the development of large food surpluses for export are 
not enough to continue to sustain a rapid rate of economic growth. 
Quality control is extremely important. Priority has been placed on 
industrialization, and particularly those types of industries that 
depend on comparative advantages in human resources or raw materials. 
Biotechnology has been recognized as one area in which the universities 
should assist in economic development through support of the private 
sector. 

Nevertheless, several constraints must be recognized if the 
universities are to play a major role in nontraditional areas of 
economic development. Historically, many public educational institu
tions have been wary of overinvolvement in national economic development 
and what they perceive as a possible erosion of more traditional types 
of intellectual activities. Academics are also aware that the public 
might perceive selfish motives in their involvement in activities that 
stress economic goals. 

Formal relationships with the private sector should nevertheless be 
encouraged. The academic structure in Thailand promotes the indepen
dence of the professor in his research goals rather than encourages 
mission orientation and problem solving. Procedures for performance 
evaluation, the measurement of progress toward research goals, and a 
corresponding reward system should be fully elucidated. These proce
dures should also address the applied aspects of the researcher's work 
and relationships to the industrial development of Thailand. Based on 
these considerations, it is recommended that the biotechnology program 
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be structured to address institutional issues in addition to research 
topics so that university research is more applied and oriented toward 
the improved economic and social development of Thailand. 

The biotechnology program should include two types of grants. 
Capacity-building grants to institutions would focus on improving their 
capability to carry out research on specific problems. In this way, 
activities are oriented toward the public good and have high potential 
for payoff. Individual grants would be competitive and responsive to 
proposals that are clearly innovative, represent good science, and show 
promise of significant benefits to the country. It is also recommended 
that an international steering, oversight, and evaluation committee be 
appointed to coordinate the grant-making process. 

International Planning, Oversight, and Evaluation Committee 

It is recommended that an external committee be appointed that would 
include Thai and foreign scientists not directly involved in the con
cerned institutions or projects. Membership might include well-known 
scientists, research directors, and other administrators from either the 
public or private sector. The committee would make recommendations to 
the NCGEB. 

The committee should be responsible for developing specific guide
lines for the grants (capacity building and individual) and for review
ing and approving all capacity-building grants. As a "friend of the 
program," it would work with institutions or individuals to aid in the 
formulation or improvement of promising submissions where help is 
needed. Inputs of the committee could include assistance in promoting 
linkages to other domestic or foreign institutions, projects, and the 
private sector, where such relations would be truly beneficial. Its 
responsibilities to oversee and evaluate progress and products would 
continue throughout the lifetime of the project. This group would 
enhance the credibility of the program and serve as a catalyst for 
improving collaboration, interttational recognition, and financial sup
port, and it would ensure that high standards of research quality are 
maintained. 

Capacity-Building Grants 

The primary purpose.of the capacity-building grant is to build a 

self-sustaining capability in Thai universities for addressing problems 
of national importance and amenable to a biotechnological approach. 
Capacity-building grants would be awarded to research groups solving 
problems related to agriculture, environment, energy, public health, and 
industry. Awards would be given on the basis of comprehensive proposals 
from institutions, and would include the following criteria: 

o Projects with potential to contribute to the economic and social 
goals of Thailand. 
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o Evidence of institutional machinery that could develop, 
encourage, and support the projects. 

o An institutional process and procedure for defining, selecting, 
monitoring, and evaluating projects, as well as a mechanism for 
monitoring and evaluating faculty and project performance. 

o An advisory committee with representatives from the private and 
public sectors to enhance interaction with outside groups, aid 
in problem definition, and promote utilization of research 
results. 

o Ties to other public and private entities. 
o Accountability for all of the above. 

Capacity-building awards would absorb approximately one-half of the 
grants budget. At the outset, it should be recognized that not all 
institutions may be awarded grants, especially if their proposals are 
not appropriate and hence not approved, or that some institutions may 
be delayed in a formal start for other reasons. 

Individual Grants 

Within academic organizations, opportunities should always exist to 
accommodate creativity and innovation. Administrative structures exist 
to facilitate an institution's assigned role but may not encourage 
intellectual independence. Occasionally, a scientist may have new 
insights or an imaginative new approach that can significantly advance 
his or her field and result in long-term solutions to the problems of 
society. This type of activity should also be nurtured if a program is 
to grow beyond predicted bounds. Therefore, it is recommended that up 
to one-quarter of the grants budget be used in a competitive grants pro
gram to encourage innovation and imaginative research methodology. (The 
remaining one quarter of the budget will be used for other program 
costs. ) 

Proposals would be submitted in an approved format (see Appendix D). 
The description of research should include rationale, linkages, antici
pated benefits, realistic schedule, and institutional responsibilities. 
Proposals should be especially encouraged in the following areas: 

o Agriculture and energy 
Food production and quality 
Use of .by-products, e. g. , rennin 
Improvement and conservation of germ plasm 
Postharvest processing 
Development of new marketable products 
Biological processes that reduce fossil fuel inputs 
Biological pest control 
Milk and meat production 
Reproduction of organisms 

o Health and Environment 
Vaccine development 
Diagnostic procedures and agents 
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Drugs from plants and microbial sources 
Genetic abnormalities 
Animal and human disease control 
Nutritional biochemicals 
Toxic residues in agricultural products 

o Industrial 
Products with a commercial value 
Analytical procedures 
Improved efficiencies in processes 
Waste utilization 
Pilot plants 
Enzyme production and utilization 
Industrial development of agricultural products, 
e. g. , rubber. 

Individual grants would be awarded through an institution, but the 
funds provided would be expended by the selected investigator. Because 
the grant would be associated with an individual, it would be recon
sidered if his or her affiliation with the institution terminated. 

SUPPORT SERVICES 

Thailand has developed a relatively large cadre of well-trained 
biotechnologists. The described program for institutionalizing biotech
nology will permit these human resources to be used more effectively in 
addressing the social and economic goals of the country. The addition 
of support services to strengthen the national capability is also 
necessary. Information acquisition, communication, and training are all 
components of a technical support system. 

Information Acquisition and Dissemination 

It is imperative that the new center have funds available to estab
lish access to the scientific and technical information contained in 
international or other national repositories and to cover subscription 
and user fees. At the present time, vast amounts of data can be easily 
accessed by computer through on-line searches of national and inter
national data bases. While acquisition of this technology represents a 
substantial financial investment, it is a vital source of information 
to researchers about to undertake problem-oriented research. Further
more, once established it is a highly cost-effective means of obtaining 
information on research compared with the traditional means of text, 
journal, and abstract acquisition, the costs of which have increased 
greatly. The immediate accessibility of the information through com
puter networks is a further advantage. Finally, this capability will 
permit communication between research groups at different institutions 
and the center, as well as circulation of information among research 
workers and coordination of research activities. 
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Acquisition of this capability will require funds for the purchase 
of the computer hardware (modems) and software and subscriptions to data 
bases, as well as funds to meet the costs of data transmission. 
Initially, it may be necessary to help MOST! work with the Department 
of Post, Telephone, and Telegraph (DPTT) to facilitate adequate tele
phone connections among the various critical cells and with inter
national data bases. 

In addition to employing this capability for its own internal needs, 
the center could serve as a critical resource to the private sector in 
its search for data on biotechnologies. The requesting company could 
be charged the actual cost of the service. 

The center could also participate in computer conferences with 
researchers in other countries working on similar problems. It is 
important that the research results obtained be circulated to other 
national or international data bases for acknowledgment of Thailand's 
contribution to problem-oriented research in the areas of bioscience and 
biotechnology. 

National Data Bank 

It is essential that a national data bank on bioscience and biotech
nology be established at the center to facilitate communications between 
research personnel within institutions and between institutions in 
adjacent fields, as well as to acquaint research staff with inter
national science and technology advances. Researchers should have 
access to this repository or technical data bank when preparing 
proposals. 

Conferences, Symposia, and Workshops 

Conferences, symposia, and workshops are indispensible mechanisms 
for researchers who wish to advance their capabilities and understanding 
by discussing research results and identifying breakthroughs in biotech
nology. These should include both meetings within Thailand to permit 
interaction between all scientists involved in biotechnological research 
and activities outside of Thailand. 

Publications: A National Journal and a Newsletter 

A national journal focusing on research results obtained by Thai 
scientists could serve as an important link between Thai scientists and 
their colleagues abroad. A newsletter, as opposed to the more formal 
documented research papers prepared by Thai scientists funded by the 
center, would permit the center to share more informal information with 
a wider audience and to outline information on the activities and 
problem focus of the center. Such a newsletter could describe projects 
underway, scientists involved in the projects, as well as their 
location. It could also serve as a way of communicating with scientific 
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groups in other parts of the educational system, including undergraduate 
groups and possibly secondary schools, as well as with the private 
sector. 

National Germ Plasm Collections 

Collections of genetic material already exist in Thailand for 
agricultural, health, and other applications, but these facilities need 
to be strengthened and expanded in light of the new research, develop
ment, and commercial applications with which the center is concerned. 
This support will not only enhance the capacity of these existing col
lections, but will also increase the availability and accessibility of 
organisms to scientists and in support of commercial enterprises. 

Training and Retraining Plan 

A major driving force behind the biotechnology program is the hope 
that biotechnology will provide solutions to major economic problems 
confronting Thailand. A second and perhaps equally important force is 
the need to increase and maintain a well-trained cadre of professionals 
in biotechnology. The educational aspects of the program have a high 
probability of success, and this may be even more important than the 
primary motive for the research. 

Retraining is an extremely important factor within the educational 
program. It becomes even more significant in a country having a limited 
number of professional people. Scientists affected by technical 
obsolescence need the opportunity to develop a new area of expertise. 

Networking 

Although the extensive networking required among various univer
sities and the center is described elsewhere, there has been no mention 
of the extensive networking in the form of information exchange 
required with other groups, both national and international, outside 
the center. These include professional and user groups. 

Networking with industry would occur on an individual basis, 
particularly if there is opportunity for an exploitation step. General 
principles and nonspecific areas of general interest of the center's 
work would go through the industrial representatives of either the 
technical or advisory committees. 
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PART II 

WORKING GROUP REPORTS 
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WORKING GROUP REPORTS 
1. DISEASES OF CULTURED FRESHWATER FISH IN THAILAND 

INTRODUCTION 

This report provides information about the diseases of cultured 
freshwater fish in Thailand and identifies specific research goals 
designed to solve the major disease problems limiting production. 
Species of principal concern are the sand goby (Oxyelectris marmortus) , 
snake head (Ophicephalus striatus), and walking catfish (Claris sp. ) . 
Modern techniques for improved detection, prevention, and control of 
disease among the population of cultured fish has been enhanced by 
recent advances in biotechnology. In Thailand, there is a need to 
establish the diseases of importance and their causative agents and to 
provide mechanisms for their control. 

Disease clearly plays an important role in the production of fish 
in Thailand. A classic example is an ulcerative lesion of the three 
species of fish indicated. This condition was first observed in the 
south of Thailand in 1982 and has since spread to all freshwater 
fish-rearing areas of the country. In addition, it is now known to 
occur among populations of fish in Laos and Kampuchea and may have 
extended into Burma. The economic losses in Thailand resulting from 
this one disease in 1982- 1983 were calculated to be 105 million baht 
(U. S. $4 . 5  million). The economic loss for the following year 
( 1983- 1 984) could not be estimated because of flooding. The cause of 
this ulcerative disease remains uncertain and should become the subject 
of intensive investigation. 

PROJECTS 

PROJECT: Causes and Control of an Ulcerative Disease Among 
Economically Important Cultured Fish of Thailand 

This investigation would incorporate bacteriology, mycology, 
parasitology, virology, histology, immunology, and toxicology in the 
study of the cause and control of ulcerative disease. 

- 19  -
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Statement of the Ulcerative Disease Problem 

Since October 1 982 , mortality among cultured fish of several species 
has resulted in economic losses approximating U. S. $4 . 5  million. 
Species of primary concern are the snake head, sand goby, and catfish. 
Although bacterial, fungal, parasitic, and viral agents have been 
isolated or observed associated with diseased fish, none of these are 
considered the primary cause. The three cultured species of fish 
exhibit similar pathology, initially characterized by the appearance of 
raised areas of induration and erythema. The subsequent erosion of 
these areas results in the formation of an ulcerative lesion on the body 
surface. Ulcers characterizing the condition may appear on any area of 
the body, but were often noted in the head and eyes, resulting in blind
ness and, eventually, death. 

The appearance of these fish make them unacceptable for marketing 
since buyers are reluctant to purchase abnormal animals. This is under
standable because the consumption of diseased fish is undesirable, par
ticularly when the causes of the condition are unknown. This has had a 
direct impact on the availability of domestically produced quality fish 
protein. In addition, it represents a loss of revenue generated by 
those species usually used as export products. 

Present Understanding of the Problem 

The following observations of ulcerative disease were compiled by 
the working group on freshwater fish diseases of Thailand: 

o Occurrence of the disease seems to be independent of water 
temperature; however, this has not been tested under experimental 
conditions. 

o The appearance of the disease is dependent on and occurs with the 
onset of the rainy season (October through March). 

o The disease occurs in both cultured and wild populations of fish. 
It is estimated that during certain times all wild fish may be 
affected. 

o The disease occurs among cultured fish when water from flooded 
agricultural lands on the rivers and canals is allowed to enter 
the pond. 

o Lesions may appear as soon as 24-7 2  hours after water from canals 
or rivers enters ponds containing fish. 

o One way of diminishing losses due to the disease is to prevent 
introduction of water into the ponds. However, this step results 
in a deterioration of water quality that requires constant 
surveillance and management to insure successful production. 
These techniques are both costly and time-consuming. 

o All three species are subjected to very high-density cultural 
conditions, making more imperative the need for improved environ
ment and water quality. 

o When diseased fish are moved to improved environmental condi
tions, significant recovery occurs. 
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o If diseased fish are placed with unaffected animals under 
laboratory cond itions, there is no transmission to the healthy 
animals. 

o No single parasite seems to be responsible for the d isease, 
although bacterial, fungal, parasitic, and viral agents have been 
isolated or observed in association with the lesions. 

o Environmental factors seem to be predisposing the fish to subse
quent attack by microorganisms that are normal pond inhabitants. 

Table 1 indicates disease agents which have been observed in the 
presence of fish with ulcerative disease. 

RECOMMENDATIONS 

A research project should be initiated addressing the three major 
areas listed below in order of importance. 

o Water quality 
o Toxicology 
o Infectious disea�es: bacter ia, virus, protozoa, and mycotic 

agents 

One component of this proposal should be possible development of a 
research center, by the National Inland Fisheries Institute, concerning 
disease for fish coordinated. This center would address the following 
problems: water quality, toxicology, and infectious diseases. 

Water Quality 

o Detect compounds prevalent in the water that may cause subsequent 
disease in cultured fish. This could be accomplished through a 
program monitoring the s ites that suffer from the disease as 
well as areas where it does not occur. 

o Identify compounds associated with the onset of disease. 

Toxicology 

o Examine the effects of individual compounds at acute and chronic 
levels on fish under laboratory and field conditions. 

o Examine the synergistic or antagon istic effects of mixtures of 
these compounds on fish health. 

o Examine the residues of such compounds in f ish used for human 
consUmption. 
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TABLE 1 Disease Agent s Observed in Assoc iat ion with Freshwater Fish Showing S igna o f  Ulcerat ive 
Pathology 

Protozo•· 
Fungi 

C i l iata 

S aprolegnia Chilodonella 

Unident if ied Ichthyophthiriua 
fungus Trichod ina 

Flagellata Myxoa porida 

Coa tia  Henneguya 

Myxobolua 
Thelohanellua 

Bacteria I solat ed 

Suct oria 
Monogenet ic 
T rematodes Cope pod 

Ac ine t a  Dactylogyrua Lernaea 

Epiatylua Gyrodac tylua 
Gloaa atella 
Scyph id ia 
Zoothamnium 

Flavob ac terium a p .  Aeromonaa bydrophila Pseudomonas fluoreacena Vibrio parahaemolyt icua 

Edwarda iella t arda S t reptococcus ap. 

Virus I s olated 

Infec t ious pancreat ic necros is  virus  s imilar t o  Ab s erotype 

Pseudomonas ap. 

N 
N 
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Infec tious Diseases 

o Exaaine the predisposing e f fec t o f  the compounds found in the 
water on subsequent invasion by infec tious disease agents. 

This is an �ortant problem requiring attention by a teaa of 
sc ientist s  such as those rec ommended . Fish disease .ay be an indicator 
o f  the general degradation of the environment through the indiscriminate 
use of pestic ides and antU.icrobi al compounds on and in the lands and 
wate rs o f  this  count ry .  It  wou ld be a aistake not to  consider the 
po ssibi lity that a major public he alth prob lem has been created. 

GENERAL KNOWLEDGE 

Worldwide 

S ince 1945 , more informat ion has become available on diseases of 
fish , the c ausat ive agents , and means of control. New techno logy made 
available in recent years has been very help ful in unders tanding the 
host-paras i te relat ionship , immuni ty ,  the role of the carrier , 
virulenc e ,  and d isease control . Human and animal health have improved 
as a re sult  of advances  in unders t and ing the disease proces s. 

Thailand 

Tha i sc ient is t s  have an ac t ive re se arch and d iagnostic program in 
the fish health f ield . They are well aware of the problems of d iaeaae 
in both cult ured and wild fish . L ittle is  known anywhere that will be 
of  immed i ate or long-term as s i s tance with ulcerative diseaae. 

CAPABILITY 

Human Re sources 

Tha i sc ient is t s  working on diseases of fish  are well tra ined in 
bacteriology , mycology , and paras itology . They need tra in ing in 
virology , t is sue cult ure , and modern cellular immunology . 

Fac il ities  

Excellent fac il i t ie s  are ava ilable for bac teriology , mycology , and 
paras itology . Work on viral d i sease s of  f ish will requ ire inatal lation 
of spec iali zed equipment for both f i sh tis sue culture and virology. 
Some immunology e qu ipment is required , but it ia minor compared to that 
needed for cell culture and virus d iagnostic• and reaearch.  A reallo
cation or red i s tribut ion of space may be required to meet the future 
needs of the f i sh d isease group . 
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CONSTRAINTS 

In view of the rap id expans ion of the d i sease prob lem,  the c apa
b i l i t ie s  of d isease sc ient is ts  may be l imited . Advanced knowledge and 
technology are required to solve d isease prob lems , and it is  ext remely 
important that s taff be tra ined ( or re trained ) in virology and 
immunology . Equ ipment not available in the laborat ory for virus 
research is  a limit ing fac tor .  

TIME REQUIRED TO SOLVE THE PROBLEM 

The l arge geographic area where the d i sease is known to occur and 
the fac t that it is in both wild and cultured fish c reates an added 
d if f iculty in e s t imat ing the t ime required to solve the problem. It 
would be be st  to conduc t an int ens ive three-year study followed by an 
in-depth review of  the resu l t s  before extend ing al l or any part of the 
re search for an addit ional period . The d isease proc e s s  among fish in 
Thailand is very complex and may involve more than just  the common 
ho st-pathogen int erac t ion. 

PROBABILITY OF SUCCESS 

I t  is not known if  these problems can be c omp lete ly solved , but i t  
i s  certain that a program in d iseases  of cultured fish can improve pro
duc t ion. At present , produc t ion has been curtailed because of concern 
over this nontreat able d isease . 

This program could also bring about important technic al advances  in 
fish culture and management in Thailand . I t  wi l l  no doubt advance the 
sc ience of fish he alth from which all will benefi t .  

ALTERNATIVES TO SOLVING THE PROBLEM 

One short- term alternat ive would be the introduc t ion of new spec ies 
of  fish for cult ivat ion that are more re s is tant to cond it ions in 
Tha iland . However , one must avo id the int roduc t ion of exot ic pathogens 
with new f ish spec ies brought into Thailand for cultivat ion .  

OVer the long t e rm ,  one might try some se lec t ive b reeding 
experiments to deve l op res is tant st ocks . It shou ld be noted , however ,  
that thi s has not worked well wi th other spec ies o f  fish and d isease 
agents .  

BIOTECHNOLOGY AND ITS ROLE IN THE CONTROL OF 
INFECTIOUS DISEASES OF CULTURED FISH IN THAILAND 

Ini t ial  studies must relat e to the c ause of the d isease and method s 
of management for partial contro l .  This informat ion will allow the 
app l ic at ion of new and improved techniques derived from biotechnology 
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to be ins t ituted for detec t ion , prevent ion ,  and control o f  infec t ious 
d iseases . 

Vacc ine Development 

Immunothe rapy is by far the mos t  e f f ic ient means of maintaining the 
long-term he alth and d isease re s i s t ance of important fish  stocks . I t  
i s  important that the development o f  prot otype vacc ines  be undertaken 
wi th proper test ing in v ivo . Areas of study should include : 

o I solat ion produc t ion and test ing of whole-cell vacc ines  
o I s olat ion and pur i f ic at ion of important immunogenic ant igens 

from pathogens 
o Chemical engineering of immunopotent iat ed vac c ine mat erial 
o Inve s t igat ion o f  opt imal routes o f  immunizat ion 
o Cloning of gene s for the protec t ive ant igens of viruses  and 

paras ites . 

As se s sment of  Immunocompe tency 

The d eve l opment of s tand ard immunological assays is es sent ial i f  
fish popu lat ions are to  b e  s uc ce s s fu lly moni tored for the ir ability t o  
re spond t o  immunological insult . Such analytical tools all ow inve s t i
gat ors to diagnose harmful trends  which may lead to decreased re s i s t ance 
to d i seas e .  These assays may be applied to the s tudy of wild and 
hatchery-re ared animals , animals exposed t o  crowding s t res s ,  t ox ic ant s , 
pollutants ,  various d ie t s , or any othe r  parameter poss ibly affect ing the 
he alth of fish stocks . The stud ie s  desc r ibed below would asse s s  the 
funct ion of the B-cell , T-cell , and phagocyt ic components of the immune 
response , as well as re s i s t ance of the animals to pathogenic insult . 

Immunological Asses sment Stud ie s  

These should include : 

o Serum ant ibody re sponse s to  highly immunogenic bac terial  
ant igens ( should be d eveloped with an appropriate assay system) 

o Ant ibody-produc ing cell re sponses to st andard bac teri al ant igens 
o Prol i ferat ive re sponses of  lymphocytes to  s tandard ant igens or 

mi togens 
o Phagocyt ic re sponse s to st andard ant igens 
o Re sponse to  standard i zed challenge s of le thal pathogens 

D i agnost ic s  

The d evelopment o f  monoclonal ant ibody t echniques suitable for use 
in  the f ish-pathogen sys t em would be very use ful . The se.methods  have 
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already been tested with certain species of fish; however, this work 
has just begun. Improved methods of cell and organ culture in animals 
may also be applied to the cultured species of fish in Thailand. This 
could be very important in virus isolation, study of pathogens, and 
vaccine development. 
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2. CONTROL OP AFLATOXIN IN THAI CORN 

INTRODUCTION 

Prior to  197 1 ,  af l atox in contaminat ion of corn (Ze a  mays L . ) was 
cons idered primari ly a postharvest  s t orage prob lem. Subsequent 
extens ive re search ( D iener et a l . ,  1983 ) , however ,  has demonstrated that 
afl at ox in contaminat ion of corn in the f ie ld be fore harve st  is a serious 
prob lem in the southeast ern United St ate s . Corn is  a maj or ingred ient 
of swine , poul t ry ,  and cat t le feed . Anima l los ses  from afl at ox in in 
corn , c aus ing mort a l ity and subt le losses  in we ight ga in and feed con
vers ion ,  have been cost ly ,  part icu larly in certain years ( 19 7 3 , 19 7 7 ,  
and 1980 ) . Aflatox in has also taken human l ives in at least  two 
catastrophic inc idents , and the ep idemiolog ica l data po int to a d irec t  
re l at ionship between the leve l o f  aflatox in i n  the human d iet and cancer 
( Counc i l  for Agricultura l Sc ience and Techno logy , 1 9 7 9 ) . 

The prevent ion of  preharve s t  cont aminat ion of corn by Asperg i l lu s  
f l avus has been a re search pr iori ty i n  the United States for 10 years . 
Contro l through genet ic re s istance , pe st ic ides , detox i f icat ion, and 
agronomic and cultura l prac t ic e s  ha s been int ensive ly exp lored for both 
corn and peanut s .  A lthough d i f ferences in aflatox in leve l s  in commer
c ial  ma ize variet ies have been reported , the inab i l i ty to repeated ly 
demons trate these d i f ferences in experiment s  conducted over s everal 
loc at ions and years cha l lenge s the concept that a f l at ox in format ion in 
corn is  under  gene t ic contro l .  Sources  and mechanisms o f  genet ic con
tro l  wi th a chemica l  bas is  for re s i stance to A .  f l avus inva s i on ,  infec
t ion , or aflatoxin product ion have not been ident i fied . Ana lyses of  
samp l es from over 200 var i et ie s of 20  commerc i a l  seed companies grown 
at 12 locations in A labama from 1976  to 1981  have resulted in the con
c lus i on that there i s  no re s i s tant germ p l asm among current u.s. 
var iet ies . 

Pes t ic ides , inc lud ing insec t ic ides wi th some fungicid a l  propert ies 
as we l l  as  syst emic fung ic ides , have fai led to cont ro l A. f l avus or 
prevent a f l at oxin contaminat ion in fie ld corn. This  is

-
poss ib ly bec ause 

A. flavus i s  a s aprophyte or a weak para s ite at be st  rather than an 
aggreSS1Ve p l ant pathogen and only c apab le of obtaining nutr i t ion for 
growth f rom dead or dy ing p lant t is sue or seeds of l ow phys io logical  
ac t ivi ty . I nsec t inj ury t o  kerne ls , drought s t res s ,  and entranc e  for 
infec t ion via dying s i lks are usual ly re l ated to years of  epidemic 
af l at ox in contaminat ion of maize be fore harve st in the Uni t ed States . 

- 2 7  -
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Among agronomic practices, the planting date, adapted varieties, 
optimum plant density, and good cultural practices, such as weed control 
and fertility balance to alleviate stress during grain filling, are 
considered useful in reducing preharvest aflatoxin contamination. 
Preventing drought stress by proper and timely irrigation can prevent 
and reduce preharvest aflatoxin contamination in both corn and peanuts. 

Preventive measures are usually the most economical and effective, 
but the detoxification of contaminated corn, peanuts, and cottonseed 
with ammonia in some form has been universally successful for reducing 
aflatoxin from high to negligible levels. 

In Thailand, aflatoxin contamination of corn appears to be most 
closely associated with the crop harvested in July and August during the 
rainy season. Data from the Thai Department of Agriculture for the 
years 1 980- 1983 indicate that aflatoxin in samples taken from farmer 
storage houses, middleman storage, and commercial silos ranged from 0 
to 750 parts per billion (ppb) (Siriacha et al. , 1983) . In general, the 
percentage of positive samples increased with time at all locations. 
Thus, postharvest contamination by aflatoxin buildup in inadequately 
dried kernels appears to be the major problem in Thai corn. Preharvest 
samples showed only 4 . 6  percent contamination in 130 samples, but it is 
not clear from the report whether this represents one year's or several 
years' data. The incidence of levels above 100 ppb was frequent enough 
to be of serious concern. Frequency of occurrence of A. flavus in corn 
samples indicates widespread distribution of the fungus in corn. 

Data on environmental, agronomic, and management factors that are 
favorable or depressant to the fungus and aflatoxin production are not 
available for evaluation. These data are needed to indicate the nature 
and circumstances of the invasion of Thai corn by the fungus as well as 
which research on control will be most successful in the long term. 

PROJECT 

The overall objective of the project is to improve the quality of 
Thai corn by reducing aflatoxin contamination by Aspergillus flavus, 
using shortand long-term measures. 

Specific objectives are: 

o To determine the extent of natural preharvest aflatoxin 
contamination in Thai corn over at least three seasons. 

o To determine the effect of planting date, drought, irrigation, 
temperature� minimum tillage, and other cultural practices and 
environmental factors on aflatoxin contamination in Thai corn. 

o To determine the conditions, time, and other factors influencing 
effective detoxification of aflatoxin-contaminated corn by some 
form of ammonia or by fermentation methods. 

o To evaluate the silk inoculation technique with A. flavus spores 
as a viable method for screening corn varieties for resistance 
to preharvest contamination. 

o To evaluate varieties in which the ear shank bends and the ear 
points toward the ground after physiological maturity to 
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determine if the se ears have lower seed mo isture contents than 
convent ional variet ie s ,  and to furthe r  det ermine the t ime re la
t ive to maturity date for harve s t ing we l l-adapted local variet ies 
to  ob t a in the lowe s t  seed mo is ture content--a l l  me thods  of 
reduc ing po s tharve s t  aflat oxin contaminat ion .  

o To sc reen germ p l asm with potent ial afl at ox in re s i s t ance ( to be 
c o l lected loc a l ly and int ernat ional ly) , c ros sed to we l l-adapted 
loc a l  variet ie s and se lec t ed for low fungu s invas ion and 
aflatox in format ion in progeny . Te st ing may be by s ilk inocula
t ion and othe r  promi s ing t echniques . 

o To det ermine the e f fect ivenes s  of  prompt c r ib dry ing in prevent
ing postharve s t  a f l at ox in contaminat ion. 

CAPABILITY 

Human Resource s 

The re se arch team cou ld cons i s t  of D r .  Sutat Sriwatanapongse 
( princ ipa l inve s t igator ) , corn breeder , Department of Agronomy , 
Kase t s art Univers ity ; Dr . Chamnan Chutkaew , corn b reeder , Department of  
Agronomy ; D r .  Supot Faung fupong , agronomis t , Department o f  Agronomy ; 
Dr . Chalermlarb Chuaipras i t , pathologi s t ,  Department of P lant Pathol ogy ; 
and D r .  Orap in Bhumibhamon , food techno log i s t , Department of B i otech
no logy . Dr . Carlos De Leon , p lant patho logi s t , Cent ro Internac ional de 
Mej oramiento de Maiz  y Trigo ( CIMMYT )  could se rve as an int ernat iona l 
c o l laborat or . 

This group appe ars t o  repre sent a c r i t ic a l  mass of compe tent 
sc ient i s t s  int ere s ted in aflatox in re se arch and prob le�so lving .  They 
have exce l lent t ra ining , and they are young , enthu s i as t ic ,  and 
we l l-regarded by the i r  peers . Cooperat ion within this group shou ld not 
be a prob lem , s ince they are c lose ly assoc iat ed at Kasetsart Univers i t y  
and ho ld e ach other in h igh regard which is  es sent ial t o  qua l ity t e am  
re search invo lving severa l  d is c ip l ine s . Rese arch may a l so invo lve the 
Department o f  Agricu lture ( current ly provid ing aflatox in ana lyse s )  and 
at leas t the se thre e  department s  at Kase t s art Univers i ty .  

Fac i l i t ies  

At pre sent , two l aboratories owned by the Department of Agr icu lture 
can provide the ana lyses of af l at ox in .  One laborat ory is loc ated at 
the Bangkhen Campus and the othe r  at  Prabhutabat Stat ion , Saraburi .  It 
is  not convenient for Kase t s art Univers i ty re searchers to  use e i ther of 
the se l aborat ories , s i nce the one at Bangkhen C ampus is extreme ly busy 
and the l aboratory at Prabhutabat Stat ion is too far , thus invo lving 
cons iderab le trave l t ime . Moreove r , i t  is  d i f ficult t o  obt a in the 
services and contro l of  the laborat ory t echnic i ans s ince they are under  
the supervis ion of ano the r organi zat ion . On  a cont inuing bas i s , the re
fore , Kase t s art  Univers ity shou ld have i t s  own aflatox in laboratory . 
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The Kaset s art Univers ity Corn P rogram has one prote in laboratory 
where ana lyses for prot e in and amino ac ids in corn are run . Wi th the 
add it ion of l imi ted equipment , the a f l at ox in analyses  can be conduc ted 
there . 

Equ ipment 

C IMMYT has a l re ady provided equ ipment for the Kasetsart Univers i ty 
a f l at ox in laborat ory , inc lud ing a UV b lock , hood ( wi thout b lower ) ,  
rotary vacuum evaporator , Waring b lender , des iccator , p l ates with 
s i l ic a-ge l and spo t t ing p ipet te s , and other sma l l  items . This  l abora
tory can p rovide af latoxin ana ly s i s  only when add i t iona l equipment , 
such as  a fluorescence spec t ropho tometer and pho t odens i t ometer ,  are 
acqu ired . ( See the Append ix for a l i s t  of  the requi red aflat ox in 
analy t ic a l  equipment , g l as sware , chemic a ls , and supp l ies . )  

Technic ians 

One chemis t  wi th a B . S .  degree is  in charge of the Kase t s art 
Univers ity laboratory , and one pos it ion is  vacant . Bec ause this chemi s t  
does not have much exper i ence i n  a f l at ox in ana ly s i s , t ra ining for a 
month or two wi l l  be qu ite he lp fu l .  

Importance o f  the Aflat ox in Laborat ory 

Bes ides undergraduate study , Kase t s art Univers ity now has graduat e 
programs (M. S .  and Ph . D . )  in many fie lds . The aflatox in lab wi l l  p l ay 
an important ro le in generat ing research act ivit ies which in turn wi l l  
support s tudent t ra ining .  Thi s l aborat ory can be used for re t ra ining 
technic ians f rom other organizat ions as  we l l .  

B iotechno logy/Gene t ic Engineering Laborat ory 

At pre sent , Kase t s art Univers ity has two cent ra l laboratories , one 
at Bangkhen and anothe r  at the Kamphaengsaen campus .  E ach laborat ory 
is  equ ipped with a lmo s t  a l l  the s ophi s t icated equ ipment related t o  
b iological  sc ience and b i ochemica l  re search.  With we l l-tra ined and 
competent s c ient i s t s  ( Ph . D .  leve l )  in the f ie lds of gene t i c s , anima l 
breed ing , p l ant b reed ing , and f i sh breed ing and the e s t ab l ishment o f 
b iotechno logy and genet ic engineering laborat ories , the fruits  of  
research wi l l  appear rap id ly .  Thi s task could be undertaken by s imply 
ut i l i z ing the exi � t ing equipment in the central laboratory at 
Kamphaengs aen and Bangkhen .  

T ra ining i n  the f i e ld s  of  b iotechno logy and gene t ic engineering 
shou ld be emphas i zed in the first  phase of d eve lopment . Re se arch in the 
are as of embryo culture , protop l as t  fusi on ,  p l ant ce l l  t rans format ion , 
etc . , c ou ld be deve l oped during the next phase . 
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CONSTRAINTS 

The current c onstra int s are : 

o Fund ing for ana lyt ic a l  equ ipment 
o Cont inu ing support for the re se arch s t a f f  
o Cont inued provision of expendab le supp lies  
o Training and retraining o f  re se arch s taff  

TIME REQUIRED TO SOLVE THE PROBLEM 

Aflatox in is not a new prob l em int ernat iona l l y .  Although ext ens ive 
research has been conduc ted in the Uni ted States and othe r  count rie s , 
the prob lem s t i l l  rema ins . I t  is doub t ful  that i t  wi l l  be so lved 
qu ickly or that a f l at ox in cont aminat ion wi l l  be t ot a l ly prevented in 
corn or in any other c rop . The economic e f fec t s  of aflatox in can be 
reduced , however ,  so that  los se s are minimized at a l l  leve ls of the 
Thai corn indu s t ry .  Short-term solut ions , such a s  ammoniat ion o f  
cont aminat ed corn , can be ver i f ied exper iment a l ly as  e f fec t ive for Tha i 
corn wi th the fac i l it ie s  avai lab le .  A vigorous three- t o  f ive-ye ar 
research program could deve lop data to support short- term management 
so lut ions , as we l l  as t echnology for detox i ficat ion of contaminated 
corn . Thi s program could a lso determine the potent ial for success  of a 
long-term breed ing program for afl atoxin re s i s tance . 

PROBABILITY OF SUCCE SS 

Technical  Suc c e s s  

Techno logy through the acqu i s i t ion of  sc ient i f ic knowledge of the 
nature o f  af latoxin contaminat ion in corn in Tha i land , management , 
cu ltura l prac t ices , and other approache s wi l l  be ut i l i zed to  reduc e  
aflatoxin cont aminat ion . Technology t rans fer o f fers an a lmo s t  immed i at e 
so lut ion as cont aminated corn can be used as feed after detox i f icat ion 
wi th ammonia .  Bec ause afl at oxin is  an int ernat iona l  prob lem,  potent ia l 
sources  of res i s t ance in corn varieties  can be obt ained , new t echniques 
shared , and new t echnology t rans ferred . 

Deve lopment o f  re s i s t ant var iet ies , the moa t  e f fe c t ive and 
economic a l  approach , require s  s everal ye ars and c rop generat ions once a 
source of res i s tance is  ident if ied . A b i otechno logy approach may pro
vide a source of re s i s t ance , but i t  does not repre sent an immed iate 
so lut ion , s ince i t  is  probably a long- term t echnique l ike ly requ i r ing 
extens ive deve l opment . L imited pre l iminary d ata  on corn variet ies which 
at harve st  had droop ing ears with dec reased kerne l mo isture content seem 
to o f fer an innovat ive , total ly new approach for var ietal  res is tance in 
Tha i l and .  The key to prevent ing postharve s t  contaminat ion by fungi i s  
rap id dry ing to  a s afe kerne l moi s ture content of 14- 15 percent . Thus , 
i f  preharve at cont aminat ion is not the maj or mode of afl at ox in con
t aminat ion in Thai corn ,  this approach t o  reduc ing po stharve s t  los ses 
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is promis ing for the long t erm ,  s ince a promis ing new variety must be 
c ros sed and b ack-cros sed to  loc a l  variet ies to make an acc ept ab le pro
duc t i on var iety . For the lat te r ,  however , ce ll fusion may of fer  
as s i s tanc e .  

Commerc ial  Suc ce s s  

Thai land ' s  agr icu ltural produc t s  provide 6 0  pe rcent of  the nat ion ' s 
t ot a l  export e arnings and about 25 percent o f  i t s  gros s domest ic 
produc t .  Tap ioca ,  ric e , and corn are the maj or exports . As one of the 
wor ld ' s  few net food exporters , Tha i land could become the future 
" supermarke t" o f  As i a .  

Corn is  becoming more important as  a n  export commodity s ince the 
advent of market ing prob lems with t ap ioca in Europe . It is  ant ic ipated 
that  produc t ion wi l l  inc rease from 3 . 5  mi l l ion to 10 mi l l ion tons in 
10 years wi thout inc reas ing land areas . Thi s  can be achi eved through 
the use of modern technology ,  such as hybrid seed , improved c ropping 
syst ems , and cultural prac t ices . 

Tha iland ' s agr iculture has now re ached the s t age of se l f-suffic iency 
and is  moving t oward comme rc ial indust ry .  Good-qua l ity produc t s  are 
e s sent ial to compet ing in the world marke t .  Thu s ,  a pro j ec t  to improve 
the qual ity o f  Thai corn by reduc ing aflat oxin contaminat ion is qu ite 
t ime ly and appropriat e  to ma intain economic s t ab i l i ty .  Thi s wi l l  also 
serve as  a maj or guide l ine in resolving the same prob lem in othe r  c rop 
commod i t ies . 

ALTERNATIVES TO SOLVING THE PROBLEM 

Short Term 

Detox i fying contaminated corn wi th ammoni a is a short-term 
so lut ion . P rompt harve s t  at maturity fo l l owed by some form of dry ing 
is  es sent ial for both l ong- and s hort-term re so lut ion of the prob lem,  
part icular ly i f  seed mo i sture content is  ord inari ly high at  harve s t . 

Long Term 

There i s  real ly no accep tab le long-term alternat ive to so lving the 
a f l at ox in prob lem in Tha i corn .  The a lt ernat e crops such a s  gra in 
s orghum be ing grown are of great  value as feed supp lements but have 
l i t t le va lue as exports .  A lthough increased produc t ion of the s ec ond 
c rop of  corn harves ted during the nonrainy season is an alternat ive ,  no 
dat a are ava i l able  on the occurrence of  a f l at ox in in the sec ond corn 
c rop or in grain s orghum. Knowledge o f  the fac tors invo lved in 
afl at ox in contaminat ion in Tha i corn is essent ial for sc ient i f ic and 
economic dec i s ionmaking . 
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LONG-TERM SOLUTION VIA BIOTECHNOLOGY 

Data f rom the United States , i f  ve ri fied , have demon s trated the 
p re sence of  viru s  ( doub le s t randed-RNA) in a nont ox igenic s t rain of 
Asperg i l lus f l avus ( Schmidt et  a l . , 1983 ) . When t reated with 
cyc loheximide , this s t ra in became a t ox in producer . At t empts  are now 
under way to trans fer this ds-RNA to Aspe rg i l lus paras it icus to det er
mine if i t  wi l l  prevent t ox in produc t ion by formerly t ox in-produc ing 
s t rains . I f  these re su l t s  are promis ing and succes s fu l , then t rans fer 
o f  the ds-RNA to a corn ce l l  vi a a t-p l asmid or other method could 
c reate a source of re s i s tance to aflat ox in format ion in corn by 
Aspe rg i l lus  f l avu s . 
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ANNEX : 

AFLATOXIN ANALYTICAL EQUIPMENT , GLASSWARE , CHEMICALS , AND SUPPLIES 

Corn Grinder : Mus t  grind it very f ine . 

Exp los ion-proof War ing B lender : Connected t o  an exp los ion-proo f  swi tch 
mounted 24 inches from b lender . Can be mounted on a 24 x 30  inch 
board of 3 /4 inch p lywood or equ iva lent . 

UV Viewing Cab inet : Chromato-Vu . Long- and s hort wave UV . 
( Dr .  Thirayudh at the Department of  Phys iology , Mahido l Univers i ty ,  
has an exce l lent unit and pre ferab le t o  the one o f  D r .  Dara . ) 

D rying Oven : Mechani c a l  convec t ion type for drying p l at es , etc . 

Shaker for 500 ml Erlenmeyer F lasks : Spec ial uni t s  avai lab le have 
24/40 mm ground gl ass t ops and po lyethy lene s t oppers . 

TLC Deve lopment Tanks : Need s evera l , c omp lete t ops and racks . Late s t  
type s have mu lt ip l at e  racks . 

S t orage Cabine t s : Spec ial des s icat ing cabine t s  for p l at e  s torage . 

TLC Spread ing Board and Spre ader Unit for 20 x 20 em p late s . 

G l ass  P l at es : Thickne s s  varies . Purcha sed rep l ac ement s l oc a l ly from 
p late or double  s trength g lass--20 x 20  em po l ish edges for s afe 
hand l ing . 

Separat ory Funne ls : 500 ml  pyrex wi th po lypropylene s t opcocks and 
stoppers . 

Sep-Pak C ar t ridge F i l t ers for C leanup of Extrac t .  

S i l ica  Ge l GHR-Merck : Brinkman Inst ruments in the United State s . 

Af lat ox in S t andards . 

So lvent Chemicals .: Ace tone , chl oroform, or methylene chloride , e t hano l ,  
me thano l ,  to luene , formic ac id vary ing with syst em for deve lop ing 
p l at es . Some needed only in sma l l  but very pure reagent grade about 
ACS qua l ity . 
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3 .  UTILIZATION OF CASSAVA 

INTRODUCTION 

Cas s ava is  a maj or c rop in Thai land . Approximate ly 20 mi l l ion tons 
of  cassava were produc ed in 1984 , ma inly in the low- income are as of 
Northeas t  Thai land . Bec ause exports t o  Europe were s evere ly curtai led 
rec ent ly by the Europe an Economic Communi ty (EEC ) , alternat ive use s must 
be found for cassava and its produc t s . Inc reased re se arch and deve l op
ment ac tivi t ie s  in biosc ience and b iot echno logy cou ld be of cons iderab le 
he lp in the ut i l izat ion o f  this important c rop . 

OBJECTIVE 

The obj ect ive of  the re se arch proj ec t s  on cassava ut i l izat ion 
out l ined here is  to ident ify are as of re se arch and deve lopment that are 
very l ike ly to p rovide improved and alternat ive uses of cas s ava . The se 
pro j ec t s  could re sult in cons iderab le advances  by app ly ing some of the 
newer t echnique s of  b iosc ience , b iot echno logy , and re lated sc ience and 
technology to  trans form cassava int o va lue-added produc t s  for int erna l 
and export purposes . 

GENERAL KNOWLEDGE 

Approximate ly 9 2  percent o f  the cassava produced in Thailand i s  
converted into chips and pe llet s , pr imar i ly for export ,  and the rema in
ing amount is used for the manufac ture of s t arch .  Much of the re se arch 
out l ined inc ludes new use s of  the root and i t s  flour , s t arch ,  and 
by-produc t s  (waste  from s t arch manufac ture , le ave s , and stems ) . Some 
of the gene ra l  knowledge of cassava f lour , root s , stems , and leave s in 
Thai land is taken from the report of a seminar on a plan of cas s ava 
ut i l i zat ion for food and indus trial  produc t s , he ld at the Tha i l and 
Ins t itute o f  Sc ient i f ic and Techno logica l Re search (TISTR ) , Ju ly 1 7 , 
1984 . 
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Ut i l i zat ion of  Cassava F lour 

Manufac turing ,  Qua l ity , and Spec i ficat ions of Cas sava F lour 

Tha i land is c apab le of cons t ruc t ing a cassava flour manu fac turing 
fact ory that c an produce the h ighe s t  produc t qua l ity . Thai construc t ion 
firms have a l re ady cons t ruc ted cassava f lour manufac turing fac tories in 
I ndonesia  and China . 

Tha i land is  supp ly ing 80 percent of  cassava f lour to  the wor ld ' s 
marke t .  In 1983 , about 0 . 3 5 mi l l ion tons were exported ; 0 . 2  mi l l ion 
tons were consumed loc a l ly .  An e s t imat ed 92 . 7  percent of the cassava 
roots  were t rans formed into pe l le t s  and chips and only 7 . 3  percent into 
cassava f l our . 

S ince the re are no prob lems with the proc e s s ing techno logy , the 
product ion scale could be expanded if there is an increased d emand for 
othe r  uses . The s t andard and spec i f icat ions of  cassava f lour could be 
adjusted upon reque s t  by the end users to  meet  the ir requi rements .  To 
reduc e the cos t of  process ing ,  good var iet ies of cassava wi th h igh 
s tarch content in the roots  are des irab le .  

Ut i l izat i on o f  Cassava F lour for Food 

Because cassava f l our has a low nut r i t ive va lue in terms of protein,  
vitamins , etc . , i t  c annot be used as a s t ap le food in  mo s t  count ries . 
The exception ,  however ,  is severa l Afric an countries where cassava f lour 
is known as gafi •  TISTR was succes s fu l  in produc ing gari but the re were 
d i f ficult ies w1 th i t a  future exportat ion. 

Smal l amounts o f  cassava f lour are be ing used for mix ing with othe r 
sources  of  s t arch f lour t o  make nood le s , breads , j e l l ies , e tc . , but the 
poor chemical  s t ruc ture o f  c as s ava s t arch , which conta ins high amy lo
pec t in and af fec t s  the t ex ture o f  the produc t s , prevent s the use of high 
proport ions . Cas s ava f lour cou ld , however ,  be used in smal l quant it ie s  
i n  food proc es s ing ,  e . g . ,  for b ind ing . The deve lopment o f  a new kind 
of  snack food or ins tant food us ing cassava f lour shou ld be 
inve s t igat ed . 

Ut i l i zat ion of Cassava F lour in Indus t ry 

A number of  fect ories are produc ing glucose and dextrin us ing the 
ac id-enzyme and enzyme-enzyme processes  and imported enzyme s .  The se 
produc t s  are supp l ied to  loc a l  factories , e spec ial ly confec t ioneries . 
The cassava flour used must be se lec ted from certain fac tories ac cord ing 
to its  su l f ite content . A h igh content of su l f ite  wil l  pro long the t ime 
for sac char i f ic at ion because of low enzyme ac t ivi t ie s . 

A l arge amount o f  cassava f lour is  used in the paper ,  f ibe r ,  and 
t ex t i le indus tries for s i z ing purpose s .  However ,  such app l ic at ions fac e 
prob lems with water  pol lut ion, e spec ial ly in the recyc l ing proc e s s . 

A certain amount of cassava f lour is  used for the manu fac ture of  
adhes ive s having app l icat ions that compete with those of  synthet ic 
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adhes ive material s . Thus , further inve s t igat ion of this use of  cass ava 
f lour is rec ommended . 

In summary , the uses of cassava f lour are l imi ted , espe c i a l ly for 
the food indust ries . Expanded ut i l izat ion of cas sava flour wi l l  l ike ly 
not occur in the ne ar future unl e s s  new indus trial  produc t s  c an be 
deve l oped us ing cassava f lour as the raw materia l .  

U t i l i zat ion o f  Cassava Root s 

Large port ions of  the cassava c rop are used for anima l feed , but 
thi s produc t faces  s t iff  compet it ion from othe r  sources  of  carbohydrates  
which have a higher nut rit ive value . Cass ava is also  often exc luded 
from the ma in rat ions bec ause of i t s  low protein content and vi tamins 
c ompared with other sources . Ferment at ion of  c as s ava by microorgani sms 
to increase its nut r i t ive va lue has been proposed . The prote in cont ent 
of the produc t c ould be raised by 15-20 percent , enhanc ing its  use as 
the maj or fe ed rat ion . 

Produc t ion of c rude alcoho l for exportat ion is anothe r  pos s ib l e  use 
of cassava root s . However ,  more re se arch is  needed to  reduce the co s t  
of  produc t ion and t o  so lve po l lut ion prob lems . Produc t ion o f  a lcoho l ic 
beverages may be more d i f f icult  from the viewpo ints o f  qua l ity and mar
ke t ing . Yet , another poss ib i l i ty is the use of a lcoho l as an oc tane 
enhancer in p l ace  of lead compound to a l leviate environment a l  po l lut ion . 

C i t r ic ac id fermentat ion fac e s  the p rob lem of inc reased cost  because 
re s idues f rom cassava f lour fac t ories are used as  the raw materia l . 
Research on c i t r ic ac id fermentat ion from cassava root by s o l id culture 
or submerged culture is needed to so lve this prob lem. 

Produc t i on of lys ine from cassava wi l l  be undertaken by one fac t ory 
next ye ar , requiring about 800 , 000 tons o f  cass ava root per ye ar . More 
research should be done along this l ine on fe rmentat ion of other amino 
ac ids or on other type s of  product d ivers i f icat ion. 

Ut i l i zat ion of Cassava Stems 

The Department of Fore s t ry has conduc ted re se arch on the use o f  
cassava s t ems i n  paper pu lp and f ibe rboard manu fac ture . The se proc e s s e s  
are h ighly feas ible for implementat ion at the sma l l- scale l eve l i n  rural 
are as as has been done in the People ' s  Repub l ic of China , and rese arch 
shou ld be cont inued on the deve l opment of smal l- scale technolog ies  for 
the loc a l  manufac ture of f iberboard from cassava s t ems . At the same 
t ime , harve s t ing and packag ing proc esses  must  be deve loped to  reduce the 
cost  of  t ransportat ion . 

Ut i l izat ion of cass ava s t ems for energy source s ,  such as  charco a l , 
and deve l op i ng gas i f icat ion proce s s , etc . , are also  important areas for 
further inve st igat ion . 
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Ut i l i za t ion o f  Cas s ava Le ave s 

Cassava leaves have a h igh protein content , over 20 percent , but 
they a l so cont ain a l arge amount o f  hydrocyanic ac id which i s  t ox ic to 
anima l s . They can be used as  anima l feed after mic rob ial  ferment at ion , 
which reduces  the cyanide content . Spec ia l t reatment o f  leave s as we l l 
a s  formulat ions of leaf  rat ions in feed need further inve s t igat ion . 
Harve s t ing and packag ing t oo l s  should a lso be deve loped for thi s 
purpose . The fac t that harve s t ing of al l part s of  the c rop dep letes 
soil  mine ra l s  should be cons idered care fu l ly s ince i t  ha s been sugge sted 
that cassava leaves and re s idue s cou ld fu l f i l l part ial  requ irements for 
the fert i l i ze rs needed for p lantat ions . 

In summary , p lanning for the ut i l izat ion o f  cassava wi l l  bene f i t  
from re search on and the d eve lopment of new produc ts  as  we l l  a s  ways t o  
inc rease the rat ion o f  c assava i n  exi s t ing processe s . Modes o f  
ut i l i zat ion should b e  d irec ted toward the loc a l  supply of  indust r i a l  
feedstocks and export at ion o f  the d ivers i f ied produc t s . 

CAPABILITY 

The present ly exi s t ing Nat iona l  Cas s ava Po l icy Commit tee is 
c oncerned wi th a l l  aspec t s  of cassava ut i l izat ion in Thai land .  Thi s  
c ommittee is  s erved b y  the Cassava Ut i l izat ion Re search Subcommittee for 
which TISTR serve s  as the center and coord inat or wi th var ious govern
ment a l  agenc ies and univer s it ies ( inc lud ing Kasetsart , Khon Kaen , 
Mahido l , and Chu lalongkorn ) . Research on cassava i s  now be ing c arried 
on at many locat ions in Thai land . However ,  mos t  of  the cassava 
ut i l i zat ion p i lot s t ud ie s  are be ing carr ied out at TISTR. 

CONSTRAINTS 

o Insuf fic ient research on b i osc ience and b iotechno logy app l ied to 
cassava 

o Insuf fic ient deve lopment a l  equipment and fac i l i t ies  for sca le-up 
o f  promis ing produc t s  

o Inadequat e  t rans lat ion of d i scoveries  from univers i t ies  and 
ins t itutes t o  indu s t ry 

o Shortage o f  we ll-tra ined sc ient ists  in some d isc ip l ine s ,  e . g . 
genet ic eng ineering 

o Inadequat e marke t ing and economic informat ion 
o Lack of spec ialists  in certain areas inc lud ing technol ogy 

trans fer 
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PROJECTS 

PROJECT : Mod i f icat ion of Cas s ava St arch to Take on the Chemical and 
Phys ic a l  Propert ies of Compe t ing Starche s  such as Imported 
Potato St arch 

About 10 , 000 tons of mod if ied potato s t arch are imported to Thai land 
every ye ar for use in food fac t ories to prepare many produc ts inc lud ing 
t ransparent nood les . This imported produc t could be rep l ac ed by 
succes s ful ly mod i f ied c assava s t arch . S l ight variat ions can be int ro
duc ed int o  unmod i f ied s t arch by adjust ing pH , by mi ld he at t re atment , 
or by add ing smal l quant it ie s  of chemicals  or adj uvants be fore or after 
drying . This s t arch wi l l  then perform more e f fect ive ly in spec if ic 
app licat ions .  For examp l e , c ommon s t arch intended for enzyme convers ion 
may be adjusted to a spec i f ic pH range and sma l l  amount s of inorganic 
salt s that fac i l it ate enzyme act ion may also  be added . St arche s used 
in food use are also  of ten pH- ad j usted . 

Unmod i f ied cooked s t arch has such great thickening power that paste s 
containing more than 4-5 percent so l ids are t oo thick to hand le .  
Further , such pas tes  ge l very rap id ly when coo led . For many uses , 
pa stes containing higher s o l ids  wi th a reduced tendency to  thicken or 
with the abi l ity to  form s o ft e r  ge l s  are required . 

One me thod used commerc ially t o  reduce the visco s i ty of s t arch 
pas tes  is  the ac id mod i f ic at ion process  devel oped by Duryea and patented 
in 1899 . For thi s me thod , the s t arch , suspended in water  and ag itated , 
is subj ec ted to  mi ld t reatment with d i lute mineral ac id at e l evated 
temperature s ( be low the ge lat inizat ion t emperature ) for vary ing per iods  
of t ime .  When t e s t s  show that the de s i red viscos ity has been reached , 
the ac id is neut ra l i zed with s od ium carbonate and the s t arch i s  
f i l t ered , washed , and dried . In this manner ,  a series of s t arche s 
yie ld ing pastes of dec re as ing viscos ity are obta ined . 

Another me thod for reduc ing the viscos ity and altering the proper
t ies of s t arch is ox id at ion . Severa l ox id iz ing agent s such as chl orine , 
hydrogen perox id e ,  and potas sium permanganate have been inve s t igat ed .  

F requent ly , ox id ized s t arche s are made us ing sod ium hypochlori te as 
the oxid iz ing agent . As in the case of ac id mod i ficat ion , aqueous 
s t arch suspens ions under cont inuous ag i t at ion are t reated wi th d i lute  
sodium hypochlorite cont aining a smal l excess  of  c au s t ic sod a .  The 
reagent solut ion is  added s lowly t o  the s t arch suspens ion in a re ac t or 
wh ich is maint ained at about 120 °F . Coo l ing coils  in the reac t ors 
remove the he at produc ed by the ox idat ion . When the correc t amount of 
reagent has been added and suf f ic ient t ime for re ac t ion has e l apsed , the 
viscos i ty of the s t arch is determined . When the des ired degree of ox i
dat ion is re ached , the s t arch slurry is t reated wi th sod ium b isu l f it e ,  
adj us t ed to the des ired pH , f i ltered , wa shed , and dried . Produc ts  with 
a wide range of  mod i f icat ion are produced . 

Oxidized s t arch retains its  or ig inal granule  s t ruc ture and is  s t i l l  
inso lub le i n  cold wat er .  I t  i s  ext reme ly white due t o  the bleaching 
ac t ion of the sodium hypochl ori te . In add it ion t o  having dec reased 
viscos i t y ,  oxid i zed s t arch pastes  are re lat ive ly c le ar and show a 
reduced tendency to thicken when coo led . When dried , oxid ized st arch 
f i lms are c lear and tough ; they are s omet ime s re ferred to as gums . 
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T re atment o f  s t arch with s od ium hypochlorite brings about a random 
ox idat ion of a l imited number of hydroxyl groups to carboxy l or carbony l 
groups , with the re sult ing rup ture o f  the adj acent glucosid ic bond . 
S ince the oxidat ion occurs in the pre sence  of  excess  s odium hydrox ide ,  
the c arboxyl groups are neut ra li zed , result ing in a sodium salt . 
Because the s odium s a l t  o f  the carboxyl group is  bulkier than the parent 
hydroxyl group , it is  postulat ed that the t endency of the amylose 
mo lecules to assoc iate and ret rograde into ge l s  is  reduced . 

The maj or use s for ox idized s t arches are in the paper industry,  in 
the t ex t i le industry ,  and as components of adhe s ive s . In add it ion , s ome 
types find use in food app l ic at ions whe re high so l ids  and low viscos ity 
are des ired . 

Human resource s required : Two s t arch chemis t s , one food techno log i s t , 
one proc e s s  engineer , and one t echnol ogy trans fer spec ial i s t .  

Durat ion : Short term* 

PROJECT : Fe as ible Proc e s s  for the Produc t ion of Pharmaceut ica l-Grade 
Dextrose (Anhydrous )  

Because anhydrous dextrose is  not manufac tured in Tha i l and , ne arly 
500 tons o f  this produc t are imported for medical uses . Anhydrous 
dextrose is usua l ly produced by red i s so lving dextrose hydrat e  and 
ref ining the re su lt ing dextrose solut ion . This solut ion is  evaporat ed 
to a very high s o lids content and anhydrous a-D-g lucose is  c rys t a l l ized 
on induced or added seed c rystals  at e levated t emperatures .  The 
anhydrous dextrose is separated by centrifugat ion , washed , and dried . 

Human resource s required : One biochemist , one chemi s t , two proce s s  
engineers , and one technology trans fer spec ial i s t . 

Durat ion : Short term* 

PROJECT : Deve lopment of Xanthan Gum from Cas sava for Use in Food and 
Petro leum Recovery 

Tha i l and imports  xanthan gum ; however , bioresourc e s  such as cas sava are 
in abundant supply in Thai land and cou ld be used as a raw materia l  for 
this produc t .  

Xanthan gum is  a po lys ac char ide produced by culturing !• campe s t ris 
NRRL B- 1459  on a we l l-aerated medium conta in ing commercial  glucos e ,  
organic nitrogen source s ,  d ipotassium hydrogen phosphate , and appro
priate t race e l ement s .  When ferment at ion is f inished , the cu lture 
fluids have a viscos ity as high as 7 , 000 cent ipo ises , and they appear 
homogeneous and have very s hort f l ow charact eri s t ic s . 

*Short term i s  one to three years ; long term ,  over f ive years . 
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This mac romo lecular po lys accharide is  composed of D-mannose , 
D-g luc os e , D-g lucuronic ac id ( as the potas sium s a lt ) , and a sma l l 
proport ion of acety l groups . I t  can be produced on an indust r i a l  scale 
and is  s t able in st orage . Ana lyt ical  frac t ionat ion ind ic ates  fairly 
sharp mo lecu lar d is t r ibut ion for the nat ive po ly s ac char ide . The 
po lysaccharide forms homogeneous d ispers ions in water wh ich show plast ic 
rheolog ica l  propert ies and visco s i ty comparab le wi th that of high-grade 
p lant gums . Outs tand ing characteri s t ics o f  prac t ical  s igni f icance are 
the atyp ica l insens i t ivi ty of solut ion visc o s i ty to salt  e f fe c t s  and t o  
heat , e spec ial ly when salt  is pre sent . Solut ions of l ow concentrat ion 
show a re s t r ic ted viscosity dec rease upon the add it ion of s alt ; those 
of  h igher conc entrat ions show sub s tant ial inc reases . V i scos ity is  
enhanced st i l l  furthe r  by monova lent cat ions at basic pH and by d iva lent 
cat ions at neutral or s l ight ly bas ic pH . Salt mod erates  or e l iminates  
any dec rease in  viscos i ty due to  he at and , in  somewhat higher concen
t rat ions , it  increases the viscos ity of  heated so lut ions . He at ing or 
deacety l at ing po lysac char ide B- 1459 causes no impa irment o f  i t s  
propert ie s but , rather , actual improvement . Glucose from cas s ava s t arch 
could be used in the fermentat ion . 

Human resource s required : One biochemi s t , one chemist , one microb iolo
g i s t , one food t echnologist , one process  eng ine e r ,  and one t echno logy 
trans fer spec iali s t . 

Durat ion : Short term 

PROJECT : Improvement of Snack I t ems and Breakfast Cereals  to Inc l ud e  
Cas s ava Starch 

Snack i tems and bre ak fast  cere als  are popu lar food produc t s , but many 
of them are imported . Cas s ava and i t s  s t arch cou ld be used in the 
preparat ion of the se food produc t s , inc lud ing the ut i l izat ion of hot 
and c o ld ext rus ion techniques , b lended and enr iched with othe r  food 
ingred ient s .  Moreover , for the se purpose s ,  othe r  loc a l  ingred ient s such 
as  r ic e ,  bean , and c orn are read i ly ava i l ab le .  These produc t s  can be 
enriched with vi tamins and minera ls for be tter  nut r i t ion. 

Human re source s required : Four food sc ient i sts  and t echno l og i s t s , one 
chemist , three proce s s  engineers , and one techno logy trans fer 
technolog is t .  

Durat ion : Short term 

PROJECT : B i oc onvers ion of Cas sava , Inc l ud ing S t arch ,  Leave s ,  Stems , 
and By-produc t s ,  by Ord inary and Gene t ical ly Improved 
Mic roorgani sms t o  Produce Food , Feed , and Indus t r i a l  Produc t s 

With the advent of  b iosc ience and b iotechnology , it  should be pos s ib le 
to great ly increase the ut i l i zat ion of cassava and i t s  produc ts .  
Improvements in a cassava produc t or proces s could result  in produc t ion 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Development of  a Nat ional Center for Genet ic Engineering and Biotechnology in Thai land:  U.S. Advisory Group Visi ts to Thai land, July 23-August 3,  1984
http: / /www.nap.edu/catalog.php?record_id=19254

http://www.nap.edu/catalog.php?record_id=19254


- 42 -

of  the following mat erial s :  animal feed , feed supp lement s ,  food , 
alcoho l ,  organic ac id s ( c it r ic ) , food colors , enzymes ( c e l lulos e , 
pec t inase , xanthanase ) ,  amino ac ids ( lys ine , glut amic ac id ) , b i o log i c a l  
pe s t ic ide s , p lant g rowth sub s tances , and ant ib iot ics . 

The cassava p l ant has commanded cons iderable  at tent ion in Brazi l as 
a source of s t arch for fermentat ion . Cassava roots  conta ins 
20-35 percent s t arch and 1-2 percent protein .  The average crop produc
t ion in Brazi l  is  13 tons of  roots  per hec t are . The feas ib i l ity of 
alcoho l produc t ion from s t arch mat erials  to  compe te with Brazi l ' s  
a l re ady succes sful sugarcane process  wi l l  depend princ ipal ly upon the 
op t imizat ion of the l iquefac t ion and s ac char if icat ion s t eps in the 
manufac turing process . 

Starch hydro lys is  is  a prob lem in the cassava proc es s ,  even though 
the c as s ava s t arch is read i ly suscept ible to alpha-amy lase . The cassava 
root fibers c re at e  a barrier to s t arch hydro lys i s  when who le roots  are 
used for ferment at ion , but they can be removed via b io logical  pre t re at
ment with the ce l lu l o lyt ic microorgani sm Trichoderma virid e .  A fermen
t at ion b roth o f  Basid io!Yc ete  and !•  viride has increased both the rat e 
of  sugar format ion and degree of s o lub i l i zat ion , with subsequent a 
decrease in sub s trate viscos ity . 

About 400 mi l lion lb/year ( 180 mi l li on kg/year )  of  c itric ac id are 
produced in the United States and an add it ional  150  mi l l ion lb/ye ar 
( 68 mi l l ion kg/year ) in the rest  of the wor ld . Commerc i a l ly ,  about 
90 percent of c itric ac id is produced by e ither submerged or surface 
fermentat ion . Most  new fermentat ion p l ants u se submerged fermentat ion. 
In surface ferment ation ,  spore s of  the fungus Asperg i l lus  niger are 
inoculat ed on the surface of an approp r i at e  med ium in large pans that 
are about 2-3 inches deep . Aft er inocul at ion , the sha l l ow pans are 
incubated s t il l  at 25-30° C for 7-10 days , after which the fermentat ion 
is  c omp let e .  

The y ie ld s  o f  c it ric ac id , based on the amount o f  sugar consumed , 
depend on the sub s trat e .  Yie lds from submerged and surface ferment at ion 
of var i ous sugars by !• niger are for the ferment at ion s t ep only and 
range f rom about 70  percent in four d ays to  9 5  percent in 6- 14 days . 
After the surface cu lture fermentat ion is  complet e ,  the l iquor i s  
decanted , the myce l ia l  mat is  was hed , and the wash l iquid is  added t o  
the ferment at ion so lut ion . 

The only major d if ference be tween submerged and surface ferment a
t ions is  that air mus t  be supp l ied to the submerged cu lture at a rat e 
of 0 . 5- 1 . 5  VVm. The pH from both t ypes of fermentat ion drops from 4 to  
2 or  below during ·  a fermentat ion period of  5- 14 days . The media are the 
same for e ach type of fermentat ion. The sugar to  be fermented is pre
sent in concentrat ions of 15-25 percent w/v .  N it rogen is  incorporated 
int o the medium as an inorganic s al t , or i t  is  supp l ied in the sub s t rate  
in  an organic form with concent rat ions no  h igher than 0 . 08-0 . 09 percent 
w/v .  Phosphate , iron , mangane se , magne s ium ,  and zinc must  be careful ly 
contro l led in the medium to assure good c itric ac id yie lds . Magne s ium 
is usua l ly suppl ied as MgS04 1H20 at about 0 . 1 percent and pot assium 
as KH2P04 at  0 . 05-0 . 2  percent . I ron concent rat ions should not 
exceed 2-5 mg per l iter  o f  med ium .  
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Other fermentatone methods and mic roorganisms are reported ly 
e f f ic ient in c itric ac id product ion . The two produc ts  ethano l and 
c i tric ac id were used above only to  i l lus t rat e the re search ac t ivit ies 
ant ic ipated under this proj ec t . 

Human re sources  required : Mic rob i o log i s t s , biochemists , chemist s , 
proc e s s  eng ineers , and techno logy t rans fer spec ialist s .  (The number o f  
sc ient is t s  needed wi l l  depend upon produc t s  t o  be inve st igated . )  

Durat ion : Long term 

PROJECT : B i oregu lat ion of Cassava for Improved Tuber Qua l i ty ( Low 
Cyanide , Higher Starch , Lower F ibe r ,  and Higher Prote in 
Cont ent Us ing T is sue Cult ure and P l ant Growth Regu l at or 
Techniques 

Dec reased cyanide and fiber contents and inc reased st arch and protein 
contents wil l  improve the qua l ity o f  cas s ava . These improvement s are 
po s s ib le with the use of p l ant regu lat ion , an emerg ing t echno logy which 
has advanced rap id ly in recent years . P lant regulators are be ing 
app l ied commerc i a l ly in weed cont ro l and as  y ie ld and qua l i ty enhancers . 
They have p roved very benefic ial in hort iculture and are be ing d eve l oped 
for agronomic crops . 

P lant regu lat ors are organic compounds ,  other than nutr ient s , which 
promot e ,  inhib i t , or otherwise mod i fy any phys iological  process  in the 
p l ant . They contro l growth or alter  phys iological  ac t ivi t ies to  make 
p lants more e f f ic ient in the use of wat er or nut rients or bett er ab le  
to withs tand environmenta l  stresse s .  As  used  in  agr icultura l produc
t ion , p lant regul ators may be b io s t imu lant s , re tardant s ,  yie ld 
enhancers , harve s t  a ids , and qual ity  improvers . They may inf luence 
gene t ic expre s s ion , p ropagat ion , growth , reproduc t ion , y ie ld qua l ity and 
quant ity , harve s t , and s t orage . 

To advance the ro le of p l ant regu lat ors in cassava t echno logy,  it  
is e s sent ial to  unders tand the ir modes of  ac t ion in phys iological  pro
cesse s and to make prac t ic a l  app l ic at ion of this knowledge . Promot ion 
of plant regulat ors to a lead ing ro le in cassava produc t ion requ ire s  
int ens ive re se arch conduc ted along four l ine s : 

1 .  Ident ify the phy s iological  processes  inf luenced by p lant 
regu lators and synthe s i ze potent ial regu l ant s for t e s t ing . 

2 .  G ive spec ial attent ion to y ie ld enhancers and the ir mode s of 
ac t ion . 

3 Study the abi lity of some p l ant regu l at ors to  ame l iorat e  
environmental  and b iological  s t resses . 

4 .  Analyze prac t ic a l  app l ic at ions in re lat ion t o  othe r  cu ltura l 
prac t ices  and to conservat ion and economic impac t s .  

Human resource s requ i red : Three p l ant phys iolog i s t s , three 
biochemi s t s , one agronomis t ,  and a p lant growth regul at or spec ial i s t  

Durat ion : Long t e rm  
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PROJECT : Produc t ion of Chemica l  Derivat ive s of Cassava St arch t o  G ive 
Unique New Produc t s  and Prope r t ie s  Suitable for Expanded 
Appl ic at ions in Encapsulat ion of Pe s t ic ides , Paper Add it ives , 
Text ile S izes , B inders , Extenders , Wat er Absorpt ion , e t c . 

New and expanded market s  for cassava s t arch cou ld be rea l ized by 
prepar ing new,  unique d erivat ive s for meet ing s ome of the marke t needs . 
S ince the s t arch molecule cont ains many primary and secondary hydroxy l 
groups , it can be mod i f ied by chemica l  derivat izat ion. Unl ike the 
mod i f ic at ions thus far d i scussed , derivat izat ion may or may not reduce 
the viscosity of the parent s t arch .  Derivat izat ion is used to  impart 
propert ies to  the derivat ive d i f ferent than those  of the parent s t arch ,  
thereby a l lowing the derivat ive t o  meet the requirement s o f  spec i f ic end 
uses more effect ive ly .  Count less  s t arch derivat ives have been de sc ribed 
in technical  l iterature and in pat ent s , but only a l imi t ed number are 
manufactured and used c omme rc ial ly .  

The derivat izat ion o f  s t arch d i f fers from mos t  chemica l  mod if ica
t ions o f  po lymers in that the changes in propert ies are at t ained with 
very s l ight change s in the mo lec u le i t se l f .  In  fac t ,  a l l  commerc ial 
derivat ives are prepared under such mi ld cond it ions ( u sual ly in aqueous 
suspens ions ) that the s t arch granules re tain the ir integrity . This 
a l l ows the produc t s  t o  be hand led in proce s s ing and app l i c at ion in much 
the same manner a s  the common st arche s previous ly d iscus sed . 

St arch derivat ive s are a lmost  a lways prepared by add ing the des ired 
re agent to an ag itated suspens i on of s t arch in wat e r .  By adj us t ing the 
pH o f  the s lurry with an alkal i ,  and s omet ime s  with a catalys t , the mi ld 
re ac t ions proc eed on the unge lat inized st arch at only s l ight ly e levated 
t emperatures .  After suffic ient react ion t ime , the derivat ives are 
recovered by f i l t rat ion or centrifugat ion , wa shed with wat er , dried , and 
packaged . 

Two bas ic types  of derivat ive s are p repared commerc ially : 
cross- l inked derivat ives and stab i l izat ion derivat ive s . Cross-l inked 
starche s are made to overcome the sens i t ivity of s tarch sols  to she ar 
and process ing cond it ions . This i s  acc omp l ished by t reat ing s t arch in 
the granu l e  s t at e  with t race amounts  of d ifunc t iona l agent s c apab le of 
react ing with hydroxyl groups on two d i f ferent molecules within the 
granu le . Reagents such as phosphorus oxychloride or sod ium 
trimet aphosphate may be used as cross-l ink ing agent s .  Very sma l l 
amounts of  the se agents can exert a marked e f fect on the behavior o f  the 
cooked s t arch .  The degree of  c ross-l ink ing contro l s  the rate and extent 
to which s t arch swe l l s  in cooking . Cros s- l inking decreases the sens i
t ivity of starch so ls  to t emperature ag itat ion and ac ids , improving 
res i s t ance t o  los s in visco s i ty . 

Starch i s  s t ab i l i zed aga inst ge l l ing by u sing mono func t iona l 
reagent s wh ich re ac t with hydroxyl groups on the s tarch to int roduc e 
sub s t ituent groups which interfere wi th intermo lecular a ssoc iat ion 
between s t arch mo lecule s . Certain reagent s may also  introduce spec ific  
func t iona l i ty int o st arche s , e . g . , inc reas ing the ir water-comb ining 
c apac ity or vi scos ity or impart ing a pos it ive charge to the s t arch 
mo lecule . 

Copyright © National Academy of Sciences. All rights reserved.

Development of a National Center for Genetic Engineering and Biotechnology in Thailand:  U.S. Advisory Group Visits to Thailand, July 23-August 3, 1984
http://www.nap.edu/catalog.php?record_id=19254

http://www.nap.edu/catalog.php?record_id=19254


- 45 -

The fo l l owing are examp les of  s t arch derivat ives : 

Hyd roxyethy l St arches . To produce hydroxyethyl  s t arch ,  a s tarch s lurry 
i s  ad j usted to an a lka l ine pH and a s alt  i s  added to  suppre s s  the 
tend e nc y  of the s t arch to ge lat inize . Ethy lene oxide in vary ing 
quant it ies is added s lowly t o  the ag i tated s lurry and a l lowed t o  re ac t 
for the proper t ime . Mo s t  hydroxyethy l  s t arche s are also ac id-mod i f ied 
to r e duce the ir vi scosity.  The hydroxyethy l at ed st arch i s  recovered by 
f i ltrat ion , washed ,  and dried . The int roduc t ion of the hydroxyethyl  
g roup reduc es the ge lat inizat ion temperature of the s t arch and re sul t s  
in  c lear , s tab le pastes  wh ich are used wide ly i n  surface s i z ing and 
c o at ing paper . 

C at i onic Starche s .  Reac t i on of s t arch with t ert iary or quaternary 
amines y ie lds quaternary ammonium or amino a lkyl s t arches . When 
d i s persed , the se s tarche s yie ld pos i t ive ly charged par t ic les  that are 
s t rong ly adsorbed by negat ive ly charged ce l lulose f ibers in the manu
f ac ture of paper . Les s starch i s  used , bu t ,  more important , ne arly a l l  
o f  the c a t ionic s t arch i n  solut ion is  adsorbed by the paper , le aving 
very l i t t le in the e f f luent go ing t o  the was t e  d isposal  sys t em.  In  
add i t ion , c at ionic s t arch p romotes the retent ion of f i l lers and p igment s 
in the sheet whi le reduc ing the l os s  of very fine paper fibers . The 
add i t iona l retained f iber and the abi l ity of the starch to bond the 
c e l lu lose fibers t ogether give great ly increased int erna l st rength t o  
the shee t . This subs tant ive characteri s t ic of  c at ionic s t arches also  
make s them use fu l as surfac e  s i ze s and as  the adhe sive in  pigment ed 
c oat ings . 

S t arch Acetates . Starch c an be acety l at ed wi th acet ic anhydr ide or 
viny l  ace t ate under c areful ly cont ro l led cond it ions of pH , t emperature , 
and t ime . After reac tion ,  the s t arch is  isolat ed by f i lt rat ion , wa shed , 
and dried . Suf f ic ient acetyl groups are introduced to prevent re tro
gradat ion of the s t arch past e .  Ace ty l at ed s t arche s are used to s ize 
t ext i le warps , y ie ld ing tough , flex ib le yarns . The reduced tendency t o  
conge al make s st arch acet ates e asy to  pump and t o  app ly a t  the s lasher . 

St arch acetates are also used as food s t arches . For examp l e , waxy 
ma ize s t arch c an be c ros s-l inked wi th phosphorous oxychloride and then 
acetylated with ac e t ic anhydride or viny l  ace t ate to produce an exce l
lent thickene r ,  t ex turize r ,  or s t ab i l i zer  used in prepar ing a wide 
variety of  produc t s . 

Starch Suc cinates . The use of suc c 1n1c anhydride instead of ace t ic 
anhydride yie lds s t arch succ inate& wh ich are also used as thickening 
agent s for foods . The 1-oc tenyl succ inic e s t er produced has an af finity 
for fats and oils superior t o  that of other derivat ive s .  

St arch Pho sphates . St arch can be e s t erif ied with mono sod ium orthopho s
phat e or sodium t r ipo lypho sphate to y ie ld s t arch phosphates  that produce 
ge l s  more s t able  than tho se produced from the p arent s t arch.  The phos
phated s tarche s are used mainly in prepar ing food produc t s .  
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A wide variety of monomers have been graf t po lymerized onto granular 
and ge l at ini zed s t arch ,  and s everal o f  the grant po lymers show promi s e  
a s  thickeners for aqueous sys tems , f l oc cu l ants , c lar if icat ion aids for 
was tewaters , retent ion aids in papermaking , and many other uses . The 
po lymer that has rec e ived the mos t  at tent ion and is  now be ing market ed 
by s evera l U . S .  c ompanies is made by g raft po lymeriz ing acrylon i t r i le 
onto ge lat ini zed st arch and sub j ec t ing the re sult ing s t arch-graft
po lyacry l o-nitrile c opo lymer to alkal ine s aponi f icat ion to  convert the 
ni t r i le groups to a mixture of  c arbamoy l and alka l i  me tal  c arboxy l at e  
groups . Removing the wat er from this po lymer provides a so l id which 
absorbs many hundreds t ime s  its we ight in wat er but which doe s  not 
d i s s o lve . Because of  i t s  ab i l ity to absorb such l arge amounts of water  
rap id ly ,  this po lymer has been named " Super S lurper . "  The U . S . Depart
ment of  Agricul ture has granted more than 5 0  nonexc lus ive l icenses to 
part ies intere sted in prac t ic ing the t echno logy covered in the four 
patents is sued in 1976  on work with this s t arch graf t po lyme r .  

Agricu ltura l appl icat ions such as seed and root coat ing and as  an 
add it ive to fas t-draining soils  to ret ain wat er appear most promis ing 
for Super S lurper . Large-sca le fie ld trials  wi th corn , soybean , and 
c ottonseed coated with the po lymer have shown increased germinat ion and 
seed l ing emergence , and in most  t r i al s  inc reased yie ld . The d ipping o f  
b are-rooted seed l ings in hydrated po lymer be fore t ransplant ing overcomes 
t ranspl ant shock and great ly inc rease s s urviva l .  

Human resource s required : Four chemi s t s , two proce s s  eng ineers , and 
t echno logy trans fer spec ial i s t s  

Durat ion : Long t e rm  

PROJECT : Improving Laborat ory and Produc t ion Proc es se s  of Gluc oamy l as e ,  
G lucose I someras e ,  and Alpha-Amylase from Ord inary and Genet
ic a l ly Improved Microorgani sms for the Convers ion of Cassava 
S t arch to Glucose  or Other Fermentat ion Sugars 

The se enzymes are current ly imported wi th a l ike l ihood of inc reased 
usage . The maj or use o f  starch for enzyme convers ion is  found in manu
fac turing p l ant s where e ach year b i l l i ons of pounds of s t arch are con
verted to nut r it ive carbohydrate sweeteners . These processes  u t i l ize 
alpha-amyl ase , be t a-amy l ase , g l uc oamyl ase , debranching enzyme s ,  and 
isomerases . The manufacture o f  sweeteners from s tarch is  a mu lt istep 
proc e s s  which beg ins wi th the convers i on of a s t arch s lurry to a low 
s o l ids content syrup or l iquor . The s t arch convers ion proc e s s  is ha lted 
when the des i red s ac char ide compo s i t ion is  reache d .  

The mo s t  c ommon method s emp loyed i n  the commerc ial produc t ion o f  
g lucose syrups are the ac id proc e s s , the ac id-enzyme proc e s s , a nd  the 
mult ip le enzyme proc e s s . I n  the ac id-convers ion proce s s , a s tarch 
s lurry of appropriat e  dry sub s t ance is  ac id if ied to at tain a pH of about 
2 and is then pumped to the conve rt e r .  The process  is t erminated by 
reduc ing the pres sure and neut ra l i z ing the re sul t ing l i quor . Sma l l  
amount s o f  sod ium chloride are produced by this neutral izat ion . The 
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l iquor is  then c l arif ied t o  remove suspended so l ids and is concentrated 
by evaporat ion to an intermed i ate  dens ity . The intermed i at e  syrup i s  
further  c l arif ied , deco lorized , and f inal ly concentrated i n  evaporat ors 
to finished dens ity . Some syrups are t reated with ion-exchange re s ins 
for further  ref inement . 

The ac id-enzyme p roc e s s  is  s imi lar except that the s t arch s lurry i s  
only part ial ly converted b y  ac id to a g iven D . E �  (dextrose  equivalent ) .  
The " l ight l iquor" is then treat ed with an appropriate  enzyme or com
b inat ion of  enzymes to comp l et e  the convers ion . For example , in the 
produc t ion of 42 D . E . , high-ma l t ose  syrup , the ac id convers ion is  ha l t ed 
a t  a po int where dextrose produc t ion is  neg l igible . Then the maltose
produc ing enzyme ( be t a-amyl ase ) is  added and the convers ion cont inued 
und e r  appropriat e  cond i t ions to the des ired leve l .  The enzyme is then 
deac t ivated and the pur i f icat ion , c l ar i f ic at ion , and c oncentrat ion pro
c edure s  are cont inued as in ac id-convert ed syrup product ion. 

In  mult ip l e  enzyme proc e s se s , st arch granu les  are ge lat inized and 
the pre l iminary s t arch sp l it t ing or d epo lymerizat ion is  brought about 
by an a lpha-amy l ase enzyme rather than by me ans of ac id . 

Various intermed i at e  syrups of  d if fer ing compo s it ion may be further  
converted wi th enzyme s having s pec i f ic modes of ac t ion t o  provide par
t icular type s of end-produc t s  such as  h igh-maltose syrups , high fer
mentable  syrups , and others . 

I n  the manu fac ture of  h igh- fruc tose corn syrup , dextrose so lut ions 
or high D . E .  sub strates produced by ac id-enzyme or dual enzyme proces s e s  
are further t re at ed enzymat ic a l ly with a suitab ly puri f i ed isomerase 
be fore concentrat ion . I s omerizat ion is  usual ly carr ied to a po int 
where nearly ha l f  of the dextrose in the sub s t rate is converted to 
fructos e .  Fo l lowing thi s s t ep , the produc t  is finished as previous ly 
described wi th the add i t ion of an ion-exchange re f ining s t ep .  Thu s ,  a 
high- fruc tose c orn syrup with a sweetne s s  rough ly comparab le to sucrose 
is produced . 

Human re sources  requ i red : Two b iochemi s t s , two microbio log is t s , one 
proc e s s  engineer ,  and one molecul ar b iolog i s t  

Durat ion : Long t e rm  

PROJECT : L iqu id Waste  D isposal  of Cassava By-produc t s  by Such 
Techniques as Membrane Separat ions and Mic robial  Convers ions 
to S ingle-Ce l l  Prote ins Us ing Ord inary and Gene t ic a l ly 
Mod i f ied Mic roorgani sms to Give Anima l  Feed and Feed 
Supplement s 

Waste  d isposal  of cassava by-produc ts , bo th l i qu id and s o l id ,  are 
current ly very serious prob lems . The so l id waste  is more eas i ly 
converted to  anima l feed . The l iqu id was t e  needs cons iderabl e  
add it iona l  rese arch to  aid i n  the manufac ture of  cassava produc ts  and 
to great ly dec rease po l lut ion . 

Copyright © National Academy of Sciences. All rights reserved.

Development of a National Center for Genetic Engineering and Biotechnology in Thailand:  U.S. Advisory Group Visits to Thailand, July 23-August 3, 1984
http://www.nap.edu/catalog.php?record_id=19254

http://www.nap.edu/catalog.php?record_id=19254


- 48 -

E thano l  produc t ion from plant biomass is being stud ied extens ive ly 
by various research laborat ories throughout the world . Some 
researchers are pursuing the produc tion of both single-cell proteins 
and a lcoho l f rom agricul t ural wastes by utilizing various b iological  
conversion processes. This research also includes thermophilic 
bacteria that produce ethanol from xylose, mixed culture fermentation, 
and the use of Clos tridium thermocellum . 

Human resources required : Microbiologists, biochemists, chemists, 
sanitary engineer, process engineer, and t echnology transfer specialis t  
( The exact n umbers depend o n  the size o f  the effort. ) 

Durat ion :  Short term 
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4 . DEVELOPMENT OF ANIMAL BIOTECHNOLOGY IN THAILAND 

INTRODUCTION 

Tha i land current ly imports 9 5  percent o f  i t s  mi lk produc t s , ma inly 
in the form of powdered mi lk ,  mak ing it  h igh ly de s irab le to  increase 
f luid mi lk p roduc t ion and lower imports . The current average mi lk 
produc t ion per c ow in Tha i land is  approximate ly 2 , 400 kg over a 305-day 
lac tat ion per iod . This compares to  mi lk produc t ion of 7 , 5 60 kg for 
cows in the U . S .  s t at e  of C a l i fornia and 7 , 640 kg in the s t ate  o f  
Washing ton . 

Approx imat e ly 20 dairies are loc at ed in and around the maj or 
met ropol itan area of Bangkok , supplemented by hundreds o f  rura l farms 
having one or two cows . The number and type of l ive s t ock and the rate 
of  art i f ic ial inseminat ion are g iven in Tab le 2 .  

TABLE 2 Number and Percentage o f  Anima l s  Having Art i f ic ial 
I nseminat ion ( AI ) in 1983 . 

Animal Type 

Dairy c at t le 
Bee f c at t le 
Buffalo 
Swine 

ain thousands . 

Total 
Number 
( 000)  

60 , 000 
5 , 062 a 
6 , 299 a 
5 , 386a 

Number of  Cove ring Rate  
Inseminat ions of  AI 

( Percent ) 

4 1 , 2 9 1  45 . 5  
20 , 555  0 . 82 

2 , 24 7  0 . 08 
9 , 990 0 . 3 1  

As s hown in Tab le 2 ,  less  than one-ha l f  of the dairy and 190 o f  
beef c ows are art i f ic ial ly inseminated . Al though art i f ic ial 
inseminat ion has been prac t ic ed for 30 years in Tha i land , concept ion 
rates and the genet ic qual ity of semen are low.  This s i tuat ion , 
coupl ed wi th the nutr i t ional and management prob lems o f  a dairy 
industry in a t ropical  environment ,  accounts  for the re l at ive ly l ow 
leve l of m i lk produc tion in Tha i l and . 
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STATE OF THE ART OF ANIMAL BIOTECHNOLOGY IN THE UNITED STATE S 

Recent advances in gene trans fer , mo lecular genet ic s ,  and 
recombinant DNA t echno logy make i t  pos s ib l e  to a l t er genet ic potent ial 
and the expres s ion o f  this  genet ic pot ent ial  in domes t ic animals . Thi s  
breakthrough promises  to revo lut ionize animal agr icu lture and contr ibute 
to more ef fic i ent and profitab le produc t ion and h igher qua l ity animal 
produc t s . The use of genet ic engineer ing as a tool to ac comp l ish these  
goals  is  rece iving increased emphas is in  both  indus t ry and federal and 
s t ate-supported research programs . To take fu l l  advantage of  gene t ic 
engineering t echnology to enhance animal produc t i on ,  bas ic informat ion 
is  needed in the areas of genet ic s ,  reproduc t ion , animal growth , and 
nutrit ion .  

Dur ing recent years , research has c learly demons trat ed the pot ent ial 
role  of  germ c e l l and embryo man ipulat ion and t rans fer for l ive s t ock 
improvement . The exchange or replacement of genetic  mat erial  in gametes 
or e ar ly embryos ho lds promis e  of great ly increas ing the rate o f  genet ic 
improvement and making gene t ic combinat ions beyond those pos s ib le 
through natura l fert i l izat ion processes . The bene f i t s  of freez ing 
embryos for s torage and t ransport wi l l  be great ly enhanced if embryos 
can be d ivided into ident ical  twins , t r iplet s ,  etc . and the ir s ex 
predetermined . Current ly , this techno logy is  be ing app l i ed in a rapid ly 
growing embryo trans fer industry .  Approximate ly 10 , 000 bovine preg
nanc ies were produced in North Amer ic a  in 1978  by embryo trans fer and 
approximate ly 18 , 000 , or 80 percent more , in 19 7 9  with a commerc ial 
va lue of  about $20 mi l l i on .  

Add i t i onal bas ic informat ion on the morpho logy and phys io logy of 
germ c e l l s , embryos ,  and the ir mat ernal environment , and on the ir mod
i f icat ion , is needed for more e f fic ient produc t ion of meat , mi lk ,  and 
woo l . Reg iona l coord ination of such research is vital  as we l l  to 
achieve opt imum output and minimum dup l icat ion . Communicat ions among 
re searchers with common goals  wil l  lead to obj ect ive eva luation of  
proposed research and wi ll  avo id cos t ly errors . 

PREVIOUS WORK ON GAMETE DEVELOPMENT 
AND IMPROVED EMBRYO PRODUCTION 

Embryo produc t ion ,  sex ing , s t orage , mu l t ipl icat ion ,  and t rans fer 
techno logy could ac ce lerat e gene t ic improvement o f  l ives t ock by prov id
ing l arge numbers . of genet ical ly superior of fspr ing from ind ividua l 
fema les . What fo llows is  a brief review of the current s tatus of 
re search on the ob j ec t ives o f  the project  proposed in this work ing group 
report : gamete deve lopment and improved embryo produc t ion . 

Recovery of l arge numbers of  ova from ovaries of l ive s t ock spec ies  
requ ires that the recovered ova undergo maturat ion , fert i l izat ion ,  and 
devel opment in the laboratory to a s tage where the embryos c an be sorted 
or t rans ferred . Present t echno logy a l lows only s l ight success  in com
plet ing e ach o f  these  three s t eps . However , the three have not been 
app l ied toge ther in domes t ic anima l s , and much improvement is  needed in 
e ach category . 
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Maturat ion of ova i s  arre s t ed from e arly fe t a l  l i fe unt i l  a fo l l ic le 
containing a spec i f ic ovum is selec ted for ovulat ion .  Ova wi l l  resume 
nuc l ear me ios i s  and undergo maturat ion upon the ir remova l from the 
ovarian fo l l ic le or within fo l l i c les ; that is , when inhib it ing sub
s t ance s  are removed by natura l or art i fic ial  administrat ion of lute in
iz ing hormone to the fol l i c le .  Nuc lear maturat ion alone is not suf
fic ient for fert i le ova . I t  mus t  be ac companied by maturat ion of the 
cytop lasm and loosen ing of fol lic le c e l l s  around the ovum. This change 
in the loosening of fo l l icular ce l ls is induced by fol l ic le-s t imu lat ing 
hormone . 

Wh i le some ova matured out s ide the body have been fert i le ,  cons ider
ab le work is  needed to det ermine how maturat ion is contro l led i f  a real 
breakthrough i s  to be made in the harvest  and use of thous ands of  ova 
from a s ing le female (Midg ley and Sad ler , 19 7 9 ;  Pond et al . ,  1980 ) . 

Ova harves t ed in large numbers and matured in vitro would be mos t  
e f f ic ient ly ut i l i zed b y  fert i l izat ion i n  vitro .--E l iminat ion of the 
surgical  procedures invo lved wi th fe rt i l izat ion of  the se  ova in v ivo as  
we l l  as  the basic  unders tand ing of deve lopmental  processes  make in  vit ro 
fer t i l i zat ion the method of cho ic e . --

Techniques for fert i l i zat ion out s ide the body have been deve loped 
for the hams ter , mous e ,  rat , rabb it , guinea p ig ,  dog , cat , human, and 
nonhuman primates , and recent ly the cow. These  techniques operat e  with 
various e f f ic ienc ies and s t ages of success  in e ach spec ies . L ive off
spring have resu l t ed from such fert i l izat ion only in the mouse ,  rat , 
rabb i t , and human , and in one case cat t le and sheep . In dome s t ic 
anima l s , various pieces of the needed techno logy have been deve loped , 
but overall  succe s s  rate s  remain very low. 

Much research i s  needed on improving fert i l izat ion rates  in the 
laboratory . Mos t  experiment s on cat t le fai led to det ermine if the fer
t i l i zed ova would deve lop into l ive o f fspr ing . The rat e of fert i l i za
t ion was less  than perfec t ,  and react ions in the ovum were not ent ire ly 
norma l .  Research is needed to ( 1 ) perfe c t  the techno logy for fer t i l
izat ion o f  cow ova , inc luding study of norma l phys iological events such 
as capac itat ion of sperm, acrosome reac t ion of  sperm , and cort ic a l  
granule  reac t ion i n  the fert i l i zed egg ; ( 2 )  deve lop fe rt i l izat ion 
me thods for sheep and swine ; and (3)  deve lop t echno logy to produce 
norma l young from ova fert i l i zed out s ide the body . 

The t oo l s  needed to per fe c t  methods for fert i l i zat ion out s ide the 
body and to deve lop an unders tand ing of the fert i l izat ion proces s are 
now ava i l ab le ( e . g . , the abi l ity to ac complish  fert i l i zat ion of one egg 
by one sperm, and the ab i l ity to s eparate and ident i fy s everal com
ponents of the fert i l i zat ion proc es s ) . Bes ides the obvi ous app l icat ion 
of increas ing numbers of fert i l i zed ova avai l able  for embryo t rans fer , 
fert i l i zat ion under l aborat ory cond i t i ons can be use fu l  in studying such 
things as  variat ion in fert i l ity among sperm (Pond , Merke l ,  McG i l l i ard , 
and Rhode s , 1 980 ; Wr ight and Bond io l i , 1 98 1 ) . 

The present cul ture syst ems used for in vitro fert i l i zed ova and 
embryo of later ce l l  s t age s are subop t imay-for deve lopment in a l l  l ive
stock spec ies as wel l  as in the human . This deficiency accounts in 
large part for the low in vi tro fer t i l izat ion and concept ion rat es fo l
lowing culture ( Wr ight and Bond io l i ,  198 1 ; Bond io l i  and Wright , 1983 ) . 
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In add it ion , cul ture systems that can support deve lopment are essent ia l 
to the success  o f  embryo manipulat ion procedures to determine embryo 
viab i l i ty .  

L ive s t ock Improvement by Embryo Manipu lat ion 

There is s ome evidence that chimeras--animals  produced by m1x 1ng 
c e l l s  from two or more embryos--are produced in l ive s t ock spec ies by 
natura l event s .  For example , fus ion of fe tal  b l ood ve s s e l s  can occur 
wi th mu lt ip le  b irths in cat t le wi th the migrat ion of b lood-borne 
e l ements . It is pos s ible  that some b lood-borne e lements  could be 
primord ial  germ c e l l s , and wi th twin bu l l  calve s such an interchange o f  
g e rm  c e l l s  cou ld deve lop to  spermatozoa resu lt ing in one bul l  s i r ing a 
number o f  his  brothers ' of fspr ing ( Rowson ,  1973 ) . 

Advantage can also  be taken of the natural produc t ion of chimera s 
in most ins tances of bovine twin pregnanc ies , even when the twins 
concerned are both he i fer c a lves . Such ca lves , which can be of 
marked ly d i f fering breeds ( Jerseys , Fr ies i ans ) , would show t issue 
tolerance to e ach other because of the chimer ism. It  is pos s ib le to 
inve s t igate ques t ions bearing on var ious mi lk produc t ion 
charact eris t ic s , not only by examining what happens as a resu lt o f  
erythrocyte chimer i sm but also  by looking at the rec iproc a l  int erchange 
of ha l f  the udder ( by graft ing operat ions ) ,  thus shedd ing l ight on mi lk 
produc t ion at the ce l lular l eve l ( Rows on et a l . , 19 7 1 ) . 

Apart from the chimeras produced natural ly in ins t ances of  mu l t iple  
pregnanc ies in cows , there is  the pos s ibi l i ty of art ific ia l ly produc ing 
such animals . Att empt s  have been made in various mamma l ian spe c ies  in 
recent years t o  produce chimeras by the inj ec t ion of embryonic , fe t a l , 
and adult c e l l s  into deve lop ing eggs and b lastocys t & . The feas ib i l ity 
of  this t echnique , which could be a va luab le rese arch tool , has been 
we l l  demonstrated in mice ( Gardner and Munro , 1974a ) , rabb i t s  ( Gardner 
and Munro , 1 9 74b ) , and s he ep (Tucker et  a l . , 1974) . 

The t echnique o f  inj ect ing such c e l l s  is  relat ive ly s imple , and the 
b lastocys t at thi s s t age is qu ite incapab le of  an immune response . I t  
i s  poss ib le perhaps i n  c at t le that adu lt  ce l ls from a part icul arly 
va luable  cow could be inj ec ted into embryo to  e s t ab l ish t is sue tolerance 
between the c e l l  donor and the ca lves that are eventual ly born . This 
might permi t the subsequent succe s s fu l  graft ing of  ovarian t i s sue from 
the c e l l  donor into the steril ized ovaries of  the chimeric cat t le , thus  
opening the way t o  pro li ferat ion of a part icular ly va luab le strain by 
graft ing operat ions . 

Embryo trans fer could be employed to produce ident ica l  twins , t rip
le t s , or poss ible l it t ers of even greater s i ze ,  not nec e s s ari ly with one 
rec ip ient having to carry a l l  the ident ica ls . Such produc t ion could 
fol l ow the s eparat ion of  ind ividual b lastomere& a t , s ay ,  the four-ce l l  
s tage , and trans fer o f  the se ind ividua l ly into su itab le rec ipient s . 
Severa l s tud ies along these  l ines have a lready been reported for the 
rabb i t  and the pig  (Moore et a l . , 1968 . )  It is  in cat t le , however , that 
the greatest  int ere s t  in the produc t ion of ident icals  re s t s . For many 
years , bovine monozygot ic twins have been used in severa l are as of 
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re search in animal produc t ion . Among the various prob lems in gett ing 
isolated b la s t omeres to deve lop is that of provid ing them with a suit
ab ly sealed zona pe l luc ida ( us ing the rabb i t  oviduc t  locat ion t o  provide 
a muc in p l ug has been attempted )  if they are to survive t rans fer at an 
ear ly c leavage s t age or of deve loping them in the l aborat ory to the 
blastocys t s t age , at  wh ich t ime they may survive trans fer in the absence 
of the zona pe l luc ida . 

The availab i l ity  of more informat ion in the years ahead is l ike ly 
to b ring many exc it ing deve l opments in ovum phy s iology . Nuc le ar t rans
p l antat ion is one technique whi ch could have an immense impac t on cat t le 
breed ing by permit t ing the prec ise and immediate s e lec t ion of  a par
t icular ly va luab le  genotype . A lthough the t echnique of nuc lear t rans
p lantat ion was ini t ial ly deve l oped in s t ud ies with the l arge amphib ian 
egg ( King , 1966 ) , recent work reported by Bromha l l  has shown some 
l imited success  in the int roduc t ion of the nuc le i o f  emb ryonic rabb i t  
ce l l s  into unfert i l i zed rabb i t  eggs b y  both micro inj ec t ion and 
virus- induced fus ion ( B romhal l ,  197 5 ) . A lthough the d if ficu l t ies in 
working with the minute  mamma l i an egg are formidable , it  is perhaps not 
imposs ib le to  cont emp l at e  a future in wh ich c a lves can be obtained from 
eggs provided wi th t ransp l anted nuc le i .  Not only would this  g ive the 
requ ired des irable  genotype , but it wou ld also  s imul t aneous ly permit s ex 
contro l , th i s  be ing dec ided ac cord ing to  whe ther nuc l e i  are taken from 
s omat ic c e l l s  of  the male  or female bovine . Al l this cou ld have rather 
intere s t ing impl icat ions for breed ing and anima l produc t ion genera l ly .  

D i s s eminat ion o f  Di sease-Free Embryos 

Unt il  1972 , when mouse embryo s were shown to survive s t orage at 
- 1 96 ° C , the few attempt s  to pre s erve mamma l ian embryos at l ow t emper
ature s had me t with l imi ted success . The se  e arl ier inve s t igators 
ind icated that s hort- t erm s t orage at t emperatures above freez ing po int 
was more s ucce s s fu l  than st orage at lower temperatures , but observat ions 
were made of smal l numbers of embryos and no asses sment was made of the 
mos t  sui t able  pre imp l antat ion s t age ( s )  for preservat ion . 

In c at t l e , sens it ivity to  cool ing and s torage appears to decrea s e  
during preat tachment deve lopment . Surviva l a t  the b la s t ocyst s t age is  
h igh , wi th 92 percent , 67  percent , and 4 8  percent surviving s torage for 
30 minut es , 24 hours , and 48 hours , respec t ive ly (Trouson et  al . , 
1976a) . Reports on the survival of  moru lae are variab le and may re flect  
d i f ferences in  the ac tual deve lopmenta l  s t age of  the embryo s at the t ime 
of col lect ion . Only l imited deve lopment of e ar l ier c leavage s t ages was 
obs erved , but re sult s ind ic ated that s low cool ing increased the surviva l 
rate a l though the d if ferences were not s igni f icant ( Moore et  a l . , 1969 ) . 

In s heep , only one report  thus  far ind ic ates that early embryos ( 2-
to 16-ce l l )  are more sens i t ive to cool ing to 0 ° C  than morul ae s tages , 
but the number o f  embryos used in the s t udy wa s sma l l .  Other s t ud ie s  
have shown that early s heep embryos , e spec ial ly the 8- to 16-ce l l  s t age , 
st ore qui te succes s fu l ly at  temperat ure s ranging between 0 ° C  to l3 ° C  for 
per iods up to 20  days . Vary ing the cool ing rat e to 5 ° C  does no t appear 
to af fect  subsequent surviva l of sheep embryo s (Moore and B i l t on ,  1 9 73 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Development of a National Center for Genetic Engineering and Biotechnology in Thailand:  U.S. Advisory Group Visits to Thailand, July 23-August 3, 1984
http://www.nap.edu/catalog.php?record_id=19254

http://www.nap.edu/catalog.php?record_id=19254


- 54 -

I n  goat s , l at e  moru lae and e arly b l a s t ocysts  s t ored at 5 ° C  for one 
to two days , cont inued devel opment in vitro and kids were born fol lowing 
t rans fer . Cool ing of e arl ier s t ages-was not examined ( B i l t on and Moore , 
197 6 ) . 

The maj or cons traints and bene f i t s  t o  be ga ined from freez ing 
reproduct ive ce l l s  are d i s cus sed in a l ater sect ion of this paper 
( S t orage of Eggs , Sperm ,  and Embryos ,  page 6 1 ) . E ar ly embryonic death , 
known t o  be a c ause of infert i l ity for many ye ars , was addres sed by 
Casida and coworkers in a l andmark pub l icat ion that appe ared in the 
early 1950s ( Cas ida et a l . ,  1950 ) . The importance of infect ious agent s 
to  thi s  prob lem was recognized when Camphylobac ter fites was described 
as  a cause of  infer t i l ity and e arly embryonic death . S ince that t ime , 
severa l agent s , ranging from prot ozoa to viruse s ,  have been ident ified 
as  the c aus e o f  e arly  emb ryonic death . L it t le is known , however , of  the 
e f fec t s  of viruses on embryo s and on the e arl ier s t age of the conc ep
t ion . There is increas ing int ere s t  in this research due to the deve l op
ment of e lec tron mic roscopy , metabo lic  proc edures , and immuno log ical  
technique s , but  pub l icat ions are few ( Bowen , 1979 ; Evermann et a l . , 
198 1 ) . 

OBJECTIVES TO IMPROVE THAILAND ' S  CAPABILITIES IN BIOTECHNOLOGY 

Immed iate 

1 .  To int roduce Ho l s t ein embryos into Tha i land from the Uni ted 
States  to demons trate the b iot echnology-embryo trans fe r  process  us ing 
Tha i re searchers and pr ivate  indus try .  

2 .  T o  o f fer immediate training i n  embryo t rans fer ( s ix months ) t o  
one o r  more Thai re searchers a t  Washing t on State  Univers i ty o r  other 
appropriate locations . 

3 .  To e s t ab l ish  several b i otechno logy rese arch e f forts a imed at 
improving overal l reproduct ive efficiency in Thai land with marke tab l e  
app l icat ion to other t rop i c a l  agricu ltura l sys t ems . 

Long Range 

1 .  To e s t ab l ish a core of sc ient ists  from ex i s t ing Thai facult ies 
and a s c ient i f ic exchange program be tween Tha i land and the United 
States , inc l ud ing graduat e student t ra ining , and to  s t udy and per form 
anima l b iotechnology re search . 

2 .  To deve lop a type of  dairy and beef anima l that wi l l  yie ld 
max�um mi lk and meat produc t i on under Thai land ' s  agricu ltural 
cond it i ons . The se engineered anima l s  would mos t  as sured ly be in demand 
by other countries in t ropical  environment s .  
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3 .  Accomp l ishing obj ect ives 1 and 2 wou ld provide the l inkage 
between re se arch and industry ,  re sult ing in increased mi lk and meat  
produc t ion and the exportat ion of superior gene t ic l ive s t ock . 

P l ans for Accomp l ishing Immed iate Obj ec t ives 

Obj ec t ive 1 :  Several rese archers at Kasetsart Univers i ty ( Drs . Vand a 
Suj arit  and col league s ) and Drs . Prasert Songsasen and Samphah S inghaj an 
have been tra ined or have had l imi ted exper ience in embryo trans fe r 
technol ogy . A l though the ir s everal a t t emp t s  at t rans fer wi th frozen and 
fresh embryo s have me t with no s ucce s s , the i r  unders tand ing of  the basic  
me thodology is  adequat e .  A private dairy located ne ar the Kase t s art 
Univers i ty Res e arch and Deve lopment Ins t itute ( KURD ! )  and owned by 
Mr . Udom Vangtal  seems to  be typical  of those found in Thai land .  
Although the at tempts  o f  this  dairy a t  embryo trans fer have not me t wi th 
succes s ,  it does have s ome experi ence in the necess ary me thodology . 

Emb ryos sent from the Uni ted States could be trans ferred wi thin the 
nex t th ree months . Twenty embryos  from superior Hol s t e in female s ( pur
chase price of $ 1 , 250  each) could be trans ferred into nat ive Tha i land 
rec ip ients , re su l t ing in 8- 10 pregnanc ies . In add it ion , a demons trat ion 
using embryos c o l lec ted from two or three of Mr . Udom Vang ta l ' s  be s t  
cows could b e  trans ferred dur ing the s ire vis i t . With prope r coord in
ation ,  s c ient is t s  from Kase t s art Univers i ty ,  KURD! , and agr icul tura l 
art i f ic ial  ins eminat ion cent ers cou ld a l l  be invo lved in a training 
s e s s i on .  

Obj ec t ive 2 : Tra ining i s  ava ilab l e  immediat e ly for se lec ted sc ient i s t s  
from Thailand t o  beg in b iotechnol ogy-embryo t rans fer training . 

Ob j ec t ive 3: Suc ce s s fu l  embryo trans fe r at Mr . Udom Vangta l ' s dairy 
would c le ar ly demon s t rate that b iot echnology-embryo trans fer could be 
accompl ished in Tha i land . Further , i t  would demons t rate to  other me� 
bers o f  the l arger dairy cooperat ives that improvement in genet ic 
qual i ty of the ir l ive s t ock i s  pos s ible  and can be ac compl i shed wi thin a 
short t ime . 

P l ans for Accomp l ishing Long-Range Obj ec t ive s 

Personne l 

The framework a lre ady exi s t s  to  l ink sc ient i s t s  intere st ed in 
b iotechnology-embryo trans fer from the various univers it ies  and re se arch 
centers . Add i t ional expert ise is needed in the animal breed ing and 
dairy management areas to support the mi lk and bee f  operat ions once the 
gene t ic potent ial of  the anima ls  is improved .  

Thai graduate s t udent training both in Thai land and in the Uni ted 
S t ates  or other countries  advanced in b i ot echno logy should be cons idered 
in the fo l l owing areas : 
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o Introduct ion of genet ic material into mamma l ian c e l l s  and 
embryos for the improvement of gene t ic pot ent ial  of l ive stock . 

o C loning o f  embryos to inc rease the number of  offspring from 
superior females . 

o Through gene t ic engineering , deve lopment of  the ideal dairy and 
beef anima l , p ig ,  sheep , and chicken for maximum produc t ion in a 
tropical  environment .  

o Increas ing the uni formi ty of the gene t ic compos i t ion of ex ist ing 
breeds of l ive s t ock in Thailand to promote more uni form genet ic 
progres s  and max imum e f fic iency . 

Fac i l i t ie s  

The l aborat ory fac i l i t ie s  located a t  KURD! are adequat e to per form 
mos t  b iotechno logy-embryo trans fer procedures . Add i t ional 
micromanipu lat ion equipment is needed to s upport , for example , the 
c loning experiments proposed by Dr.  Vanda Suj arit . 

The Kase t s art Univers i ty dairy fac i l i t ie s  could be improved 
cons iderab ly .  

PROPOSED BUDGET 

Immedi ate Obj ect ive s  

1 .  Personne l and trave l :  Trave l b y  two Tha i sc ient i s t s  p lus  per 
diem to s t udy in the United S t ates  for s ix months . Trave l and per d e im 
for two U . S .  sc ient is t s  to  vi s it Tha i l and to  perform embryo trans fer 
and to  instruc t Thai s c ient i s t s  and veterinarians in embryo trans fer . 

2 .  Anima l cos t s : Purcha se of  20  embryo s from s uper ior u . s .  
Ho l s t e in cows at U . S .  $ 2 , 250/ e ach . 

3. Drug cos t s : Synchroni zat ion and superovulat ion hormones ,  
culture medium, and minor equ ipment--U . S .  $ 5 , 00 0 .  

Long-Range Ob j ec t ive s 

1 .  Personne l and trave l : Send two Thai Ph . D .  sc ient i s t s  to the 
Uni ted States  to learn biotechno logy ski l l s  for 6 to 12 months each.  
Als o ,  ins t itut e  a s tudent exchange program to train four Thai s tudent s 
per year in anima l b iotechno logy . 

2 .  E quipment : Mic romanipu lator 
Sterile  room for c e l l  cul ture 
Supp l ies  for l aborat ories  of 

Tha i s c ient i s t s  

u . s .  $ 3 5 , 000 
u . s .  $ 200 , 000 

u . s .  $ 15 0 , 000/year 

3 .  Add i t iona l Trave l :  A l low trave l for Thai sc ient i s t s  t o  at tend 
s c ient i fic  meet ings t o  remain current wi th advanc ing t echnologie s . 
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PROPOSED RESEARCH PLAN : SOME SPECIFICS 

The advant age t o  be ga ined by Tha i land entering into the proposed 
re se arch e f fort is two fo ld . F irs t , the potent ial  for improv ing mi lk and 
meat produc t ion over current leve ls is good .  Second , the knowl edge 
le arned on b iotechnology-embryo trans fer wi l l  be a market ab le produc t 
to other t rop ic a l  agr icultura l countries  intere s t ed in improving l ive
st ock e f f ic iency . 

Harve s t ing Ova 

E ach ovary is f i l led wi th hundreds of thousands o f  potent ial ova 
( eggs ) during fetal  l i fe ,  but produc t ion of new ova ceases be fore a 
female is  born . Because there i s  cons tant degenerat ion o f  ova in the 
ovary , o lder anima l s  have fewer ova . In s ome spec ies  about 90 percent 
of  ova degenerat e be fore pubert y .  More than 9 9  percent of ova 
degenerate and fewer than 1 percent ovulate  during a fema le ' s  l i fe , 
re sult ing in t remendous was t age . Was t age of sperm is also  cons iderab l e , 
but sperm are produced cons tant ly and the nature o f  the prob lem is  
d i f ferent . 

The mos t  common scheme for inc reas ing the harves t  of  ova is  super
ovul at ion .  Hormone s are inj ected to increase the number of ovulat ions 
by a fac tor of  up to 50 , but averaging three to e ight , depend ing on the 
spec ies . 

A lthough s uperovu lat ion is  genera l ly s uc ce s s fu l , i t  i s  except ional ly 
unre l iab le for an ind ividual . In cat t le ,  for example , the number of 
norma l ova produced per cow var ies from 0 to 5 0  or more . To date , 
methods o f  superovulat ion have been deve loped primari ly by emp irical ly 
changing the kind , dose , and t iming of adminis t ering hormone s . 

I t  i s  poss ib le to  harve s t  ova by minc ing the ovary and add ing 
enzyme s . However ,  methods for fert i l i z ing and deve loping them int o 
norma l young are s t i l l  unknown . 

F ina l ly ,  one of  the great unreso lved proc e s s e s  in biology is  tha t  
i n  wh ich the ovary metes out ova i n  a cont rol led way over the repro
duc t ive l i fe of fema le s . 

Future research should be in the fo l lowing are as : ( 1 ) unders tand ing 
the phys iology o f  ovum maturat ion , deve lopment , and ovulat ion so that 
more rat iona l superovu lat ion reg imens can be deve loped ; ( 2 ) study of the 
feedb ack re lat ionships among the ovary , p itui tary , and hypothalamus o f  
the bra in ; and (3)  exper iment s t o  obtain ova f r om  the ovary b y  enzymat ic 
d ige s t ion and to grow and deve lop s uch ova in the laboratory . 

Embryo Recovery and Trans fer 

Embryo recovery and trans fer can be app l ied succes s ful ly to sheep , 
goat s , and swine as  we l l  as cat t le , but the proc edure mus t  be done 
surgical ly in the s e  spec ies , and this is expens ive and may damage 
anima l s . Deve lopment of nonsurgica l me thods for these  spec ies is  
important but not as  important a s  rese arch to deve lop much better  
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re f inements o f  embryo trans fer and recovery techniques for use in 
cat t le .  

Maturat ion , Fert i l i zat ion , and Culture o f  Ova Out s ide the Body 

Maturat ion of Ova Out s ide the Body 

I t  is appropriate  to empha s i ze here that cons iderable  work is needed 
to det ermine how maturat ion is cont ro l led . Th is  work wi l l  l ike ly re su l t  
i n  a real breakthrough i n  the harves t  and u s e  of thousands of ova from 
a s ingle female . 

Fer t i l izat ion of Ova Out s ide the Body 

Ova harve s t ed in large numbers and matured in the laborat ory should 
be fert i l i zed in the laboratory because fert i l izat ion in a l iving fema l e  
require s  surgical  depo s i t i on and remova l .  Furthermore , working out 
mechanisms of fert i l i zat ion in the laborat ory , where the proc e s s  can be 
directed , wi l l  provide an unders t and ing of  the natura l proc e s s .  As 
s t ated earlier , the too l s  needed t o  perfec t the methods for unders tand
ing of fert i l i zat ion out s ide the body are now ava i l able . 

Cu lture and Deve l opment of Embryos 

New fert i l i zed ova are not a deve lopmenta l s t age compat ib le with 
present t echno logy for frozen s torage , s ex determinat ion ,  or nonsurg i c a l  
trans fer .  To be  use fu l  for embryo trans fe r ,  ova fert i l i zed out s ide the 
body must  undergo d eve lopment to a s t ate  equ iva lent to that occurr ing 
approximate ly e ight days after fert i l i zat ion in cat t le .  Wi th present 
technique s , the proport ion of fert i l ized ova that deve lop by cu lture to  
the e ight-day s t age i s  sma l l . In  genera l ,  the more s t age s of deve lop
ment the embryos are cultured through , the lower the ir surviva l .  This  
i s  true whe ther the s t age s are e arly or late  in  embryo deve lopment . 
Re search i s  needed to deve lop cu lture sys t ems compat ib le with ma in
tenance and deve lopment of  the embryo from fert i l i zed ovum to the e ar ly 
embryo s t age . F inal ly , succ es s ful deve lopment of  ovarian ova wi l l  
require a combinat ion o f  h ighly e f fic ient methods for maturat ion and 
fert i l izat ion o f  the ova out s ide the body and the maturat ion of most  t o  
the early embryo s t age . 

C loning and Nuc lear Trans fer 

Sexual reproduct ion i s  a random event because eggs and sperm cont a in 
only ha l f  the gene s of the respe c t ive parent s . The ne arly infini te 
number o f  poss ible  comb inat ions of  genes produces such a variety o f  
progeny that s ome are l ike ly t o  survive and reproduce . Others wi l l  die 
wi thout produc ing of fspring . 
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Animal b reeders have t ried t o  improve succeed ing generat ions o f  
anima l s  b y  removing s ome o f  the chance as soc iated with s exual reproduc
t ion . Examples  of  such e f fort s  inc lude format ion of breed soc iet ies , 
progeny-test ing schemes , amp l i f icat ion of the reproduc t ion of outs tand
ing ind ividual s  by art ific ial inseminat ion and embryo trans fer ,  and 
e s tab lishment of  inbred l ine s to c ap i tal i ze on uni formity . 

Ano ther conse quence of the great var iat ion achieved by sexual 
reproduct ion is  that cert a in outstand ing ind ividual s  are produced that 
s at is fy the needs and des i res  of pe op l e  to a much greater degree than 
the average . The curse of  sexua l reproduc t ion is  that progeny of out
s t and ing anima ls are usua l ly less out s tand ing than the ir parent s , 
a l though they are general ly above average . Th is  regre s s ion t oward the 
average s t ems par t ly from the fac t that ind ividua l s  are a produc t of 
gene t i c s  and environment and part ly from chance when an of fspr ing 
rec e ive s  a random hal f of the gene s of e ach parent . 

It  is  only within the last  century that peop le have had enough 
informat ion even to dream that they might someday apply technology t o  
produce genetical ly ident ical  cop ie s  of  out s tand ing animals . The 
ab i l ity to clone embryos through several gene rat ions of ident ica l  c lone s 
would provide a too l  for acce lerat ing gene t ic change which is  pot en
t ia l ly more powerful and e f fect ive than art ific ial  inseminat ion .  For 
examp l e , the mat ing of a proven bul l and an out stand ing superovulated 
cow wi l l  produce approx imate ly e ight embryos .  If at the four-ce l l  s t age 
ind ividua l c e l l s  are removed from the embryo and e ach aga in cul tured to 
four ce l l s , 1 6  embryo s  would resul t . I f  e ach of the se could be broken 
into four c e l l s  and this proces s repeated s ix t imes , 4 , 096  ident ical  
embryos would be produced . 

Culture o f  the se embryos to the s t age where they could be s exed and 
frozen would provide over 4 , 000 embryos  of one s ex for trans fer to  
rec ipient s . Thi s  and other c l ona l l ine s from the s ame superior mat ing 
could  then be characterized for a produc t ion trai t , such as mi lk produc
t ion , by trans fer of a number of frozen embryo s from e ach c lona l l ine 
to rec ipient c ows to produce he i fers t o  be produc t ion tes ted to evaluat e 
the c l one . Once charac terized , the embryo s from superior c l ona l l ines 
would be ava i l able to create ent ire herds with the capac ity for high 
produc t ion . Thi s  would a l so be a powerfu l too l  for re search and gene t ic 
improvement . 

An a l t ernat ive and perhaps more immediat e ly fe as ible approach to 
the c loning o f  embryos wou ld be s eparat ion o f  embryo c e l l s  at the four
or e ight-c e l l  s t age be fore the ir deve lopmenta l fate  is commi t ted , 
fol lowed by trans fer o f. the ir nuc lei  to fert i l i zed eggs be fore f irst  
ce l l  d ivis ion . Resul t s  of  recent rese arch sugge s t  that th i s  is  a 
long-range pos s ib i l ity for deve l opment and app l icat ion o f  c loning and 
nuc lear t rans fer techno logy . However ,  a vas t  amount of  research i s  
needed t o  deve l op the necess ary t echniques and t o  determine the l imi ta
t ions o f  the propo sed proc edure s .  In  the s impl e s t  sense , c loning 
research s t arts wi th the product ion o f  twins . 

A fina l  me thod of  produc ing gene t ic a l ly ident ica l  mamma ls is  by 
ins ert ing the nuc leus of  a body ce l l  into a fert i l i zed egg and then 
removing or de s t roy ing the orig inal gene t ic complement of the emb ryo . 
This  a l ready has been ac comp l ished in the mouse , and the procedures were 
not very d i f ferent from those used in amphib ia .  
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Embryos from mice and rabb i ts have been separat ed into ind ividua l 
c e l l s  at the two- , four- , and e ight-ce l l  s t ages , then cu ltured as s ing le 
ce l l s  back through two , four , and e ight c e l l s  to the e arly embryo s t age . 
In  genera l ,  more survived to  become b la s t ocys t&  when c e l l s  were s epar
ated at the two-c e l l  s t age than at later s t age s .  At bes t ,  one- third of 
the c e l l s  at the four-ce l l  s t age became embryos . Cons iderab ly more 
research i s  needed to map out the mechani sms important in embryo 
manipulat ion . 

Nuc lear Transplantat ion 

Repl acement of male and female pronuc le i in the fert i l i zed mouse  egg 
wi th a nuc leus from a ce l l  of a mouse embryo resul t s  in a viable  embryo 
which can deve lop int o a l ive offspring . Nuc le i from ce l l s  of an early 
embryo could be used in nuc lear t ranspl antat ion to  form about 100 
c lones . 

The fo llowing ques t ions concerning nuc lear t rans fer need to be 
answered : 

o Can l ive o f fspring be deve loped in domes t ic anima ls , e spec ial ly 
c at t le , from embryo nuc le ar transp lant at ion? 

o Is the s t age of the ce l l  cyc le of donor ce l l s  at the t ime of  
nuc lear trans fer critical  for cont inued deve lopment of  the newly 
formed c l one ? 

o I s  the deve lopmental s t age of  the p ronuc lear rec ip ient egg 
critical  for future deve l opment of  the c lone ? 

Severa l  other exc i t ing t echno log ies of re levance are partheno
gene s i s , product ion of chimeras , and deve lopment of inbred l ines . 
Parthenogene s i s , the produc t ion of young wi thout fert i l i zat ion , occurs 
natural ly in al l c las se s  of  vertebrat e s , except mamma l s . Of  part icular  
int ere s t  i s  a s t ra in of turkeys with  this  charac teris t ic .  Only ma le 
turkeys are produced in this way , but in mammal s  only females  would be 
produced . A lthough parthenogene t ic mammal i an embryo s  deve lop part way 
through ges tat ion , they do not go to term. So lving this probl em would 
make parthenogene s i s  extreme ly useful for s ome aspe c t s  of  genet ic 
engineering . 

Chimeras are quite va luab le for certain exper iment s .  For examp l e ,  
s ome have certain t i s sues s uch as  l iver der ived from one embryo and 
other t is sue s such a s  he art from a second embryo . Furthe rmore , when 
parthenogenet i c  embryos have been mixed with norma l embryos , s ome of the 
t i s sues of the re sult ing adults  were derived from the parthenogene t ic 
embryo . As another example , cert ain cancer c e l l s  can be mixed with 
emb ryos , result ing in chimeras wi th perfec t ly norma l t is sue derived from 
the cancer c e l l s , that is , cancer c e l l s  changed to norma l  c e l l s . 

Produc t ion of inbred anima l s  deserve s spec ial  ment ion. Such anima l s  
are e s s ent ial ly genet ical ly ident ical  with others i n  the l ine ,  a lthough 
they may per form poorly due to inbreed ing . I f  two such l ine s are 
cros sed , however ,  hybrid vigor re sul t s  and the anima l s  from s uch a cros s 
are a l so gene t ic a l ly ident ic a l .  Thu s  the chance e lement of  s exual 
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reproduc t ion i s  contro l led , re sul t ing in a uni form, pred ic t ab le produc t . 
This is  o f  spec ial  va lue for cont ro l l ing gene t ic variat ion in experi
mental  s i tuat ions . The se are but a few of the ques t ions requ iring 
answers if succes s ful me thods for c loning by embryo ce l l  segregat ion or 
by nuc lear t rans fer are to  be suc ce s s fu l . Some t oo l s  and bas ic know
ledge to undertake such re se arch are a l ready ava i l ab le .  

Storage o f  Eggs , Sperm , and Embryo s 

I t  is  o ften nece s s ary to  s t ore sperm , eggs , or embryos  for s evera l 
minutes  to  several  decades . Usua l ly the obj ec t ive i s  to ma int a in the s e  
c e l ls in the s ame s t ate  they were i n  prior to  s torage , a lthough i n  s ome 
cases i t  may be des i rab le  to have embryo s cont inue deve lopment rather 
than remain qu ie scent . Bec ause o f  vary ing requirement s , s torage may be 
as  s imple as  p l ac ing a tes t tube of embryo s on a l aborat ory bench or a s  
comp l ic ated as  sequential  d i lut ion of semen in a series  of  comp lex 
fluid s , fo l lowed by freez ing to l iqu id ni t rogen t emperature in a 
computer-contro l led apparatus . 

Suc ce s s fu l  and inexpensive me thods are ava i lable  for s t orage of  
reproduct ive c e l l s  o f  mos t  spec ies up  to s evera l hours . In many cases , 
s t orage wi l l  also  be succe s s fu l  for a day or two , but technique s are 
more comp lex and s omet imes les s e f fect ive than for short er s torage . For 
s torage more than severa l days , the me thod of cho ic e  i s  freezing to 
l iquid nitrogen t emperature . 

Adequat e me thods are a lready avai lab le for freez ing bu l l  and turkey 
semen ; however ,  there i s  room for improvement . About ha l f  o f  the sperm 
are k i l led in the proc e s s  and others d amaged so that  three t ime s more 
frozen spe rm  are requ ired per ins eminat ion to obt a in fert i l ity than 
unfrozen semen . Furthermore , semen from some ind ividual anima l s  cannot 
be frozen succe s s ful ly at al l .  

I n  gene ra l ,  good me thods for freez ing semen o f  s heep , goat s ,  swine , 
and chickens are not avai l ab le .  Recent re search led to cons iderab le 
improvement s wi th the se spe c ie s , but much remains to be done . 

Re l at ive ly l it t le re se arch has been done wi th freez ing ova , but th i s  
may b e  feas ib le . There has been cons iderab le  exper imentat ion wi th 
freezing embryos . This is  not ye t  pos s ib le with swine , but embryos from 
sheep , goat s , and ca t t le can be frozen ,  a l though at a c o s t  of ki l l ing 
ha l f  o f  them. Even with a 50 percent los s , this  technology is  a l ready 
be ing used commerc ial ly for certain s i tuat ions . There i s  great demand 
for frozen bovine embryos , and this t echno logy wi l l  be used wide ly i f  
losse s f r om  freezing c a n  b e  lowered from 5 0  percent t o  20  percent . 

The maj or constra ints in freez ing reproduct ive c e l l s  are l ack o f  
bas ic knowledge concern ing mechani sms o f  ce l l  inj ury , how cryoprot ec
tants work , and why c e l l s  from certain ind ividual anima l s  and spec ies 
are s o  suscep t ib le to freez ing damage . Although s t r ides have been great 
in deve lop ing a theoretical  groundwork for freez ing t echno logy in recent 
years , much rema ins to be done s o  that we can move from the current 
phas e  of trial-and-error te s t ing of inf inite comb inat ions of  freez ing 
rates , thawing rates , c ryoprotec tant s , buf fers , etc . , to a more d irec t
ab le s trategy . Further re se arch shou ld inc lude : ( 1 ) bas ic rese arch on 
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how and why ce l l s  respond as  they do to cryoprotec tant s , freez ing , and 
thawing ; and ( 2 )  cont inuat ion of the empirical approach us ing c lues from 
basic research to determine which fac tors should be stud ied . 

The bene f i t s  o f  s toring sperm, oocyt e s , and embryos at l iquid 
ni trogen temperat ures  are enormous , both from commerc ial  and re search 
perspec t ive s . Such s torage great ly increases f lexib i l i ty because the 
sub j ec t s  need not be synchronized prec i s e ly in t ime and space . This 
leads to t remendous s avings in manpower and feed cos t s . 

Sex Se lec t ion : Sperm Frac t ionat ion 

There is no repeatab ly succes s ful proc edure in any spec ies for 
separat ing s pe rm that determine ma le offspring ( Y-be aring sperm) from 
those that det ermine female of fspring ( X-bear ing sperm) . E f forts  have 
appeared promis ing in the pas t  ( for a review ,  see Sex Rat io at B irth-
Pro spec t s  for Cont ro l ( K iddy and Hafs , 1970 ) , and wi l l  cont inue t o  
exc 1te  s c ient if1c 1nquiry .  However ,  in the mos t  rec ent review of 
l iterature on sex determinat ion and d i f ferent iat ion (Hawk , 1979 ) , R. E .  
Short conc lude s ,  "And the tant a l i z ing t a le of art i f ic ial  regu lat ion of 
the primary sex rat ion remains a mirage on the horizon . "  

I n  many birds and mamma l s  there i s  a d is t inc t d i f ference be tween 
the sexes in morpho logy of  chromo s omes . In  mamma l s , females  have two X 
chromosome s and ma les one X and one Y chromosome . Theoret ic a l ly ,  one 
needs to obs erve the chromos omes in only one ce l l  of an anima l or 
embryo to determine i t s  sex . A review of this methodo logy has been 
provided by Hare and Betteridge ( 19 7 8 ) . 

The current s t ate  of  the art i s  such that embryo s can be d ivided 
with greater than 9 5  percent accuracy into three approximate ly equal 
groups by sex chromosomes :  ma le , fema le , and unknown . Pregnancy rates 
fo l lowing trans fer of  sexed emb ryos i s  reduced s l ight ly . Ne arly a ful l  
day i s  consumed from the t ime an embryo is  biops ied unt i l  i t s  sex has 
been determined . Be fore this technology can be app l ied commerc ia l ly ,  
i t  mus t  be made s impl e ,  fa s t , inexpensive , re l i ab le , and s a fe for 
embryos . 

A more s oph i s t ic ated method of sex ing i s  to ob serve whe ther ma le
or female-spec i f ic prote ins ( or RNA) are be ing produced . One s uch  
prote in produced by all  ma le ce l l s  and not by fema le ce l ls is  the H-Y 
ant igen ( Ohno , 197 9 ) . This prote in appe ars to be coded by DNA on the 
Y chromosome , and thousands of  copies are inserted into each ma le ce l l  
membrane .  Bec ause s o  many molecules are in the c e l l ,  detect ion o f  the 
prote in might be a more sens i t ive assay than d irec t ob serva t ion of the 
DNA , of which there is only one copy . The pres ence of the prote in i s  
detec ted by ant ibodies . A method for sex ing embryos wi th ant i-H-Y 
ant ibody and a f luore s cence technique is  in the pre l iminary s t ages o f  
deve lopment . I t may enab le sex determinat ion without the need to ki l l  
o r  biopsy the embryo , a l though a few c e l l s  may d i e  as  a re su l t . 

The at t rac t ivene s s  of sex contro l  by separat ion of  X- and Y-be aring 
sperm d ic t ates  that further re search be devoted to this prob lem as new 
leads become ava ilable . Exper iments should cont inue on improving the 
sex ing o f  embryos by sex chromos ome morpho logy , with probab ly a maj or 
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emphas is  on detect ion o f  gene produc t s  of  the Y chromos ome such as  H-Y 
ant igen . Produc t ion of monoc lona l  ant ibod ie s to H-Y and use of such 
ant ibodies to sex embryos are examples  of what might be done . 

Twinn ing by Embryo Trans fer 

Nearly 80 percent of the cows in North Amer ic a  are beef cows wi th 
the sole  func t ion of  produc ing a c a l f  e ach ye ar .  Approximate ly 
70 percent of the nut r ients consumed by e ach beef  cow are for her own 
maintenance ,  whereas only about 30 percent are for growth and main
tenance of  the c a l f  during pregnancy and l ac ta t ion. The low reproduc
t ive rate of c a t t le--the greate s t  l imitat ion in convert ing forage to 
meat--would be ame liorated i f  cows had twins . The approach o ffer ing the 
mo s t  hope for great ly improved meat-produc ing effic iency in c at t le is 
the induc t ion of twinning by embryo t rans fer .  I t s  suc ce s s fu l  d eve lop
ment and impl ement at ion wou ld be a maj or breakthrough in the t echno logy 
of food produc tion.  

Current ly , embryo trans fe r i s  the mos t  e f fect ive method of  induc ing 
twin pregnanc ies in c at t le .  When twinning is induced , pregnancy rate s  
range between 6 7  and 9 1  percent . Between 2 7  and 7 5  percent of  pregnant 
cows del iver twins . The mos t  cost-e f f ic ient method for achieving this 
is  to trans fer an embryo to  a he i fer that was inseminated at e s t ru s .  
P regnancy and twinning rat e s  have been higher when two embryos were 
trans ferred to cows that had not been inseminated . Thi s  wa s attributed 
to low fert i l ity fo l lowing art ific ial  inseminat ion in the group that 
rece ived a s ingl e  embryo . Hormonal induc t ion of twinning , a mod i f ica
t ion o f  superovulat ion ,  has not been deve loped into a re l i ab le pro
cedure . Even if the techno logy were ava i l able , i t  would not be the best  
method s ince both ovulat ions might be on  the same ovary . 

IMPACT OF RESEARCH 

The potent ial impac t s  and long- range payoff  for the re se arch 
described as  embryo techno logy are enormous .  With the current tech
nology succes s rat e , embryo trans fer cou ld lead to an increase in the 
rat e of gene t ic improvement of  from 10 percent to ne arly 100 percent , 
depend ing princ ipal ly on current int ens ity of s ire s e lect ion and on the 
t ra i t ( s ) in ques t ion . Van V leck ( 1980 ) has est imat ed the pos s ib le 
ef fec t s  of a lt ernat ive techno logies on the rate of  genet ic improvement 
in mi lk y ie ld in dairy cat t le in ki lograms/cow/year : regu lar art i f i c i a l  
ins eminat ion , 100 ; s exed s emen , 1 15 ;  embryo t rans fer ,  158 ; and sexed 
s emen and embryo trans fer ,  166 . He has also  shown that c l oning , if  
availab le ,  cou ld be used to  inc rease ac curacy o f  genet ic eva luat ion of 
dairy cat t l e  over that po s s ib le from s i ster  and progeny t e s t s . The 
accuracy is doub led under cond i t ions g iving maximum advantages to c lon
ing and is  about one-third to  one-ha l f  higher under more rea l is t ic 
assumpt ions . 

The se techno log ie s  have important app l ic at ions in add i t ion to 
increas ing rate o f  gene t i c  improvement . Sexed s emen ,  for example , has 
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economic imp l icat ions . Based on the e s t imat e  that a male can produc e 
10 percent more lean bee f  than a fema le on a g iven amount o f  feed , the 
reduc t ion in the proport ion of fema les from the present 50 percent t o  
the approximate ly 20 percent needed to mainta in the b e e f  c at t le b reed ing 
herd would inc rease tot a �  beef produc t ion per uni t  of feed by 3 percent . 
Embryo trans fer also  has · important economic app licat ions in mult iply ing 
rare breeds , s t ra ins , or ind ividua l s , and , in conj unc t ion wi th the use 
of  frozen embryos ,  in avo id ing the high co s t s  of animal shipment and 
quarant ine incurred in trans ferring live s t ock b reeds t o  new environments 
for e ithe r  produc t ion or rese arch . 

Some of  the mos t  important appl icat ions of these techno logies are 
in re se arch in o ther disc ipl ine s of animal science . Ident ical  twins 
have been used to provide gene t ic uni formi ty for nut r i t ion and other 
re search , but the ir use i s  severe ly l imi ted by the ir scarc ity and the 
cost  of proving ident ify .  The ava i l ab i l i ty of c lone s would reduce the 
numbers of animals  needed for spec i f ied prec i s ion by an e s t imated 
20-50 pe rcent in many l ive stock exper iments . 

Embryo trans fer is  a powerful too l  for s eparat ing contribut ions o f  
maternal and of fspr ing gene s t o  prenatal  surviva l and growth i n  mamma l s .  
This technology has been used e f fect ive ly t o  measure uterine capac ity 
and gene t ic contro l of the init iat ion of partur it ion . The technique s 
has many potent ial  app l icat ions to d eve lopment o f  new knowledge of  
uterine func t ion and interac t ions be tween the embryo and ut erus . 

The economic bene fi t s  from increas ing the reproduct ive effic iency 
of food-produc ing anima l s  are pot ent ia l ly enormous . I nve s t igators have 
calculated the bene fi t s  that dairy cat t le and beef cat t le would derive 
from the app l icat ion of t echno logy in ( 1 ) e s t ru s , ovu lat ion , and fer
t i l izat ion ; ( 2 )  embryo surviva l and deve lopment ; and ( 3 )  parturit ion and 
perinat a l  surviva l :  

o Dairy c at t le .  The dai ry cow popu lat ion in Tha i land is  some 
60 , 000 head . By contro l l ing the ons et  of  e s t rus and ovulat ion 
e ar l ier in the po stpartum period through the approache s  described 
and by improving automat ion o f  e s t rus detect ion , the ca lving 
interva l  could be reduced from 18 months to  12  months . The 
poore s t  40 percent o f  the cows could be marketed , and t he remain
ing 60 percent would provide the current mi lk supply . This would 
y ie ld s avings on seed costs  o f  336  mi l l ion b aht* and an add i
t iona l cos t savings for l abor . 

o Beef c at t le . The ca l f  c rop , ca lcu lat ed as a percentage of cows 
exposed to bul l s , cou ld be increased from 50 t o  7 5  percent by 
increased pregnancy rat es and reduced ca l f  mort a l i ty .  For 
example , an increase in the bee f calf  c rop of the 198 1 Thai land 
beef herd , 1 98 1 , of 5 . 6  mi l l ion ( 1981  FAO Yearbook) of from 5 0  
to  7 5  percent--t ak ing into account maintenance requirement s per 
cow of 1 , 000 kg t ot a l  d ige s t ib le nut r ient s ( TDN ) , feed cos t s  of 
73 0 b aht / t on pasture dry bas is for 12  months , and nonfeed cos t s  
of  460 baht / cow would have me ant reduc ing the cow herd b y  2 . 8  
mi l l ion head and reduc ing the feed and maintenance requirement s  
per cow by 460 baht . The tot a l  savings would have been 
170  mi l l ion b aht/year . 

*60 , 000 cows x 40 percent reduc t ion x 46 baht /day/cow x 305  d ay 
l ac t at ion . 
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5 .  PLANT CELL CULTURE AND ALTERNATIVE CROPS 

INTRODUCTION 

P lant c e l l  cul ture techniques cover s everal t echnologies , inc lud ing 
c lonal propagat ion , t is s ue cul ture- induced var i at ion ( somac lona l  var i a
t ion) , anther culture , protop la s t  fus ion , and re comb inant DNA gene 
t rans fer . The se techno log ies are l i s t ed from the easiest  to  the mos t  
d i f f icul t . Any program i n  p lant ce l l  cu lture shou ld u s e  one o r  more o f  
the se techniques to make a s igni ficant improvement i n  one o r  more crops . 
Tha i s c ient i s ts have had succes s in apply ing the eas ie s t  o f  these  tech
niques , c lonal propagat ion , t oward improvement o f  the ir  cut f lower 
industry .  They have not succes s fu l ly app l ied any of the other tech
no log ies . 

I t  is  important to realize  that e ach techno logy of fers some unique 
opportunit ies no t af forded by the other techniques . Sc ient i s t s  at  the 
U . S . -based DNA P l ant Techno logy Corporat ion ( DNAP ) , who have inter
nat iona l ly recogni zed experts in e ach o f  these  areas , have been invo lved 
in the deve lopment and commerc ial  app l ic a t ion of a l l  five o f  these  
technologies . 

GENERAL KNOWLEDGE 

Worldwide 

There has been a tremendous exp los ion of intere s t  in p l ant ce l l  
cu lture during the pas t  five t o  1 0  years . Several laboratories in both 
deve loping and deve loped countries have been ut i l iz ing c lona l  propaga
t ion for produc t ion o f  genet ical ly uni form p lant s , part icularly orna
ment a l s . I n  the Uni ted . States , this approach has been re s t ricted by 
high labor cos t s , and c loning is  now used only for orchids , aza leas , 
and some cut flowers , such a s  ge rberas .  The t echnique used is  quite 
s imp le--a rapid-growing meri s t em or s eed-der ived embryo is  placed onto 
med ium that is  suitab l e  for rapid shoot pro l i ferat ion. Shoot s are 
s eparated and p laced onto root ing med ium.  Young p lant s are s lowly 
acc l imated to  greenhouse and then fie ld cond i t ions . This t echnique is 
s imple , albe it labor- intens ive . 

- 6 7  -
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In the pas t  two t o  three years , s everal laboratories have been 
int ere s ted in the us e o f  t i s sue cul ture to s e lect  and ident ify new 
var iants . Res earchers have used this  techno logy to deve lop new d isease 
re s i s tant c lone s of  s ugarc ane wh ich are current ly be ing grown in Taiwan 
and Aus t ra lia . U . S .  sc ient i s t s  have used this techno logy to deve lop new 
b reed ing l ines in several c rops as we l l  as a new var ie ty of tomato . 
Based on the ir rese arch in t omat o ,  they have gained cons iderab le know
ledge o f  how t o  apply this t echno logy to s everal other crops . Soma
c lona l var i at ion mu s t  be combined wi th convent iona l breeding to deve lop 
new variet ies . For this rea son , very few laboratories have succe s s ful ly 
used thi s techno logy . However ,  s inc e  the techniques are qui t e  s imp l e , 
a proper ly managed program wou ld have a very high probab i l i ty of 
suc ce s s . 

Protop l as t  fus i on has been exp lored in rec ent years as  a means of 
achiev ing new gene comb ina tions that are not pos s ib le us ing convent ional 
breed ing . Many very d is t ant hybr ids  may be s t e r i le or unst ab l e , but 
many comb inat ions have recent ly re sulted in new breed ing l ine s . U . S .  
s c ient is t s  were ab le  to succe s s fu l ly trans fer d isease re s i s tance and 
insec t res is tance us ing protop las t  fus ion. 

Anther culture--recovery of p l ant s from the ma l e  reproduc t ive 
s t ruc tures--can be used to  recover new true breed ing l ines for the 
deve lopment of new var ieties . This t echnique is  par t icularly appe a l ing 
for deve lop ing l ines from "hybrids , "  where it wou ld be pos s ib le to con
s t ruc t new t rue breed ing l ines tha t  have the best  charac teris t ic s  of the 
hybrid . The Chinese have used this t echnique to deve lop new varieties  
of  r ice , whe at , and tobacco . It  i s  imperat ive that anther culture be  
l inked to  a breed ing program . 

F inal ly , recombinant DNA has been tout ed as the u l t imate me thod for 
tran s ferring usefu l  trai t s  into exi s t ing cult ivars . To date , no agri
cu ltura lly use fu l  tra i t  ha s be en trans fe rred into any cult ivated crop 
us ing recomb inant DNA . Hence , the technology is  10- 15 years away from 
rout ine commerc ial  app l icat ion . 

Tha i l and 

Sc ient i s ts in Bangkok and Chiang Mai have experience with c lona l 
propagat ion . Ce l l  cu lture i s  be ing used for commerc i a l  propagat ion of 
orchids in Bangkok . Univers ity laboratories have d eve loped c loning 
me thods for orchids , gerberas ,  potato , g l adiolus , carnat ion , and teak .  
The teak c loning me thod is  part icular ly exc it ing a s  i t  has been used to 
reduce the t ime to  harve s t  from 60 years to 40 ye ars . This  work in 
Chiang Mai should d e f in ite ly be nurtured . When the Thai re fer to t i s sue 
culture they a lmost  a lways mean c lona l propagat ion-- the s implest  of  the 
f ive technolog ies . 

The l imi ted work ini tiated on somac lona l var iat ion , under the 
d irec t ion o f  Montakan Vaj rabhaya at Chulalongkorn Univer s ity , i s  cur
rent ly sponso red by a grant from USAID and appe ars to be proc eed ing 
nice ly . The a im is to use c e l l cul ture to deve lop salt-tolerant rice . 

For protoplast  fusion ,  anther cu lture , and recombinant DNA , there 
is virtual ly no expert ise  in Thai land .  These  t echno logies wi l l  have to  
be imported into Thai land i f  they are to be  used . 
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CAPABILITY 

Human Re source s  

S evera l sc ient is t s  i n  Tha i land have been trained overseas i n  p l ant 
t i s sue cu lture ; however , none have rece ived t ra in ing in anther cul ture , 
protop l as t  fusion , somac lona l var iat ion , or recombinant DNA . Nearly 
al l of  the t i s sue cultur i s t s  have been trained for micropropagat ion 
( c loning) via t is sue cu lture . Wh i le this has been suitable for the 
c loning o f  ornament a l s , it  wi l l  be insuffic ient for b iot echno logi c a l  
deve lopment using the other techno log ies . I t  would b e  mos t  usefu l  for 
two to three peop le to rece ive t raining from a s ingle or sma l l  number 
o f  l aborat ories in the Uni ted States to overcome this defic iency .  

Fac i l i t ies  

P l ant t is s ue culture does  not require a l arge amount of  equipment . 
S everal o f  the laboratories need laminar f low hoods ,  inve rted mic ro
s cope s , and growth chambers . In the Uni ted State s , this would cost  
$ 20 , 000 per laboratory . 

CONSTRAINTS 

Current ly , two fac t ors l imi t immediate use of t i s sue cu l ture to  
s o lve Tha i agr iculture prob l ems : 

o L imi ted training o f  s c ient i f ic s t af f .  No sc ient i s t s  are ac t ive ly 
us ing s evera l key t echnologies . 

o Fund ing and s c ien t i f ic interac t ion.  Fund ing is  current ly l imi ted 
for c rop p lant improvement , hence , l it t le work is done in this 
are a ,  and there i s  l imi ted coord inat ion of d isc ip l ines  needed for 
so lving c rop prob lems . 

TIME REQUIRED TO SOLVE THE PROBLEMS 

Severa l prob lems wi th annual c rops could be so lved in three ye ars . 
Wi th an inc rease in the amount of seed , new improved var iet ies cou ld be 
re leased , us ing t is sue culture , within f ive ye ars or les s . Some pro
b l ems can be solved using shor t-term approache s whi le longe r- term tech
nique s are be ing deve loped . 

OVERALL RECOMMENDATIONS 

Based on d i scus s ions with the Thai commi t tee members , the fo l l owing 
recommend at ions are made : 
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o A commi ttee of ex i s t ing p l ant t is sue cu ltur i s t s  should be formed 
and should meet at leas t every two months t o  di scus s re search 
proj ec t s . 

o Mone tary support for ex i s t ing l aboratories shou ld be inc reased . 
Support should be g iven to encourage researchers to work on maj or 
food crops . A grants program should be ins t i tuted for ex i s t ing 
laboratories . 

o Arrangements s hould be made to ob ta in add i t iona l tra ining over
seas for s evera l  Thai sc ient i s t s  who are current ly t ra ined in 
p l ant micropropagat ion. 

o A s ub s tant ial program ( three years minimum and five years opt i
mum) that inc ludes para l le l  re se arch should be e s tab l ished in the 
Uni ted States for a maj o r  food crop , r ic e ,  cassava , or maize . 
Work should concentrate on app l icat ion of anther cu lture , proto
plast  fus ion , or somac lona l var iat ion for c rop improvement . 
Fund ing c ould be sought from USAID or another int ernat iona l 
fund ing agency . Once success  is achieved in the Uni ted States , 
these techno log ies could be t rans ferred to Thailand . Th is is  
a l so a program that would be of intere s t  to  a u . s .  company . (For 
example , the u . s .  company could be invo lved in training several 
sc ient is t s  in new techno logy are as app l ied to maize , cas sava , 
rice , potat o ,  etc . , whi le a l so work ing on these crops for 
Tha i land . )  

SPECIAL PROBLEMS OR OPPORTUNITIES 

Pot ato Seed 

Potatoes  are grown in the highl ands and could be grown more exten
s ive ly i f  the qua l ity o f  the produc t was improved . Unfortunate ly , 
nearly a l l  of  the potatoes grown mus t  be imported as fibers from The 
Ne ther lands , requ i r ing sub s tant ial  expend i tures overseas for seed 
material . E f forts  are be ing made in Chi ang Mai ( Department o f  P lant 
Patho logy ) to deve lop virus- free st ock p lants of potato . If propagated , 
the se could produce tubers suitab le for e s t ab l i shment o f  new crops . 
However , once the pot atoes are trans ferred to the f ie ld ,  they cou ld 
become re infec ted . To ob tain new mat erials  for p lant ing , the " seed" 
potato must be grown in uninfected soils , so that even if the Chiang Mai 
program i s  s ucce s s fu l , i t  is  l ike ly that potato tubers wi l l  st i l l  be 
imported . 

One s o lut ion to thi s  prob lem is  the use of p l ant t i s sue cu lture for 
in vitro tuberizat ion .  For thi s reason , the be st  germ p lasm are iden
t if ied and c loned . Shoot s are then induced to form sma l l  tubers in 
vitro which are used in turn to e s t ab l ish fie ld p lant ings . As they are 
tubers , they can be s t ored for long periods of t ime and , mos t  important , 
they wi l l  be free o f  virus . Th is s ame approach cou ld be used for nearly 
a l l  tuber c rops , such as yams . 
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Technica l  and Comme rc ia l Feas ib i l ity 

This technique is  current ly be ing used in the United S t ates  to  
supp ly potato farmers in Idaho wi th virus-free potato tubers . I t  is  
both technical ly feas ib le and commerc ial ly viab le .  A market study 
should be completed to determine the s i ze of the market in Thai land and 
in As ia  for export . For example , such tubers may be part icul arly 
va luab le for export to  Korea .  

H ighl and Vegetab les  and Heat Tolerant Vege t ables  

Tomatoe s , eggp lant , carro t s , ce lery ,  and s imi lar p lants are a l l 
high-va lue crops . In  Tha i land , the se veget ables  grow be s t  in the high
land areas , which , unfortunate ly , have cons tant rain and coo l  evening 
temperature s ,  cond it ions that are perfe c t  for funga l infec t ion . Thu s , 
tomat o p lants and potatoes  suf fer from Atternaria ,  Phythophthora , 
Rhizoctoni a ,  etc . The se pe s t s  are a l l  present in the ra iny c l imate and 
s ome ( e . g . , Phythophthora-- late b l ight in tomato ) c ause cons iderab le 
damage . It is po s s ib le to use ex i s t ing techno log ies of somac lona l  
variat ion , anthe r  cul ture , and protop las t fus ion t o  t rans fer d isease 
res i s t ance int o the se vegetables . Alternat ive ly , the introduc t ion of 
heat and moi s t ure t o lerance into s ome variet ies wou ld permi t the ir cul
t ivat ion in the lowlands . 

Technical  and Commerc i a l  Feas ib i l ity 

Thai land has only l imited land suitab le for  the growth o f  vege
t ab le s ; thu s , exi s t ing marke t s  are not l arge . Wi th the deve lopment o f  
variet ies suitab le for Thai land , however ,  t h i s  market wou ld expand con
s iderably . Tomatoes , for example , could be exported to  many are as of 
Southeast As i a .  

Alternat ive s 

Convent ional breed ing cou ld be appl ied to achieve s imi l ar resu l t s  
but would requ ire s even to e ight years to  produce a new var iety wi th 
d i seas e res is tanc e .  The t ime s avings us ing s omac lona l variat ion is 
cons iderab le-- three to  four years for re lease of  a new var iety . 

H igh-Y ie ld ing Cass ava , Improved Rice 
Variet ies , and Sugarcane Variet ies 

Present yields o f  cassava in Thai land are mak ing it  an unprofitab l e  
crop . The achievement o f  great er yie lds o f  cassava wi l l  combat its  low 
unit va lue and make it  more sui tab le for b iomas s  convers ion . 

C as sava varietal  improvement would bene f i t  great ly from ce l lu l ar 
gene t ic methods s ince prob lems of  d isease or virus  res is tance , and y ie ld 
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and compos it ion of  biomas s c an be mod i f ied us ing s omac lona l variation ,  
protop la s t  fus ion , and anther culture . In add it ion , s ince both cas s ava 
and sugarcane are asexual ly propagated , there is  no prob lem in estab
l ishing new f ie lds  of superior c rop s . 

A biotechno logy prog ram should be in p l ac e  for e ach o f  the maj or 
c rops and exports  of Thai land--rice , sugarcane , and cassava . Wi thout 
such a prog ram , i t  is  unl ike ly that Tha i land c an keep up wi th the fa l l
ing wor ld market price , and with the s pread of new d iseases . 

Technic a l  and Commerc ial  Feas ib i l ity 

This  program would mos t  l ike ly not be attract ive to private indu s t ry 
s ince what i s  proposed resemb les more an insurance po l icy than a new 
pro f i t  opportunity . Somac lona l variat ion has a lready been used to 
deve lop new d isease-re s i s tant var ie t ies  of sugarcane , anthe r cu lt ure t o  
produce new var iet ies o f  r i c e  i n  China , and t is sue cu l ture to e l iminate 
virus from cassava . Thus , t is sue cu lture has been used for e ach o f  
these c rops , a l though none of them is easy to grow i n  ce l l  cu l ture . I t  
would b e  necessary to train Tha i sc ient is t s  in ce l l  cu lture approache s 
to  e ach of  these c rops . One program on deve lopment of salt-tolerant 
rice is  a lready in p l ace in B angkok . 

Alternat ives  

Convent iona l breed ing programs cou ld be e s t ab l ished to support e ach 
of these crops , but  e ach prog ram wi l l  require an extended period of  
t ime . Thus codeve lopment of breed ing and b iotechno l ogy programs is  
appropriat e . 

F inal ly , i t  should be noted that i f  any of these  crops , s uch a s  
cassava , mes t a , o r  sugarcane , is  used for a biomass  program, the imp le
mentat i on of a b iotechno logy program would permi t great e r  f lex ib i l ity 
in deve lopment of new c rop var iet ies  ideal ly suited for biomas s conver
s ion . In Brazi l ,  for examp l e , c e l l  cu l ture ( somac l ona l var i at ion) is  
be ing used to  deve l op new var i e t ie s better  suited to e thano l produc t i on .  

Maize Improvement 

The fourth maj or c rop of Thai land is ma i ze , which is  grown mainly 
for animal feed . The present out look for mai ze i s  not good due t o  low 
y ie lds and aflatox in contaminat ion , and i t s  value has been dec reas ing . 
At tent ion should be d irec ted toward deve lopment of maize b reed ing l ine s 
more ideal ly suited t o  Thailand and opening new market s  for mai ze .  

Maize can be grown for s t arch produc t ion , for human consump t ion 
( swee t  or baby corn ) , or for anima l feed . A ce l l  cul ture program that 
inc ludes the use of s omac l onal var iat ion , protop l as t  fus ion , and anther 
cu l t ure to d eve lop new var iet ie s  could make Tha i land a wor ld leader in 
the d eve lopment of new ma ize var iet ies . Such a program should be backed 
up by a program in a u . s .  corporat ion to a id in germ p la sm col lec t ion 
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and t echnology deve l opment and t raining . For examp l e , DNAP has 
deve l oped proc edure s for p lant regenerat ion of  ma i ze us ing somac lona l 
var i at ion and anther cu lture . 

The prog ram described here could be used to deve lop a f l at ox in
res i s tant mai ze , h igh-y ie ld ing , high-prote in mai ze ( s t art ing with opaque 
var iet ies ) , disease-res i s tant sweet corn , higher-yie ld ing baby corn for 
export ,  and new popcorn variet ies . 

Technic a l  and Commerc ial  Feas ib i l ity 

Corn is more d if f icu l t  to work with in cel l cul ture than the other 
c rops ment ioned here . There are  no programs in  corn t is sue cu lture in  
Thai land , desp ite corn be ing the number four c rop . Thus , a back-up 
program , ini t ia l ly in the Uni ted Stat es , is  necessary to  deve lop and 
t rans fer t echnology to  Thailand . Perhaps this cou ld be ac compl ished 
using USAID funds . 

A U . S .  corporat ion should be int ere s t ed in this type of program as 
i t  has a h igh l ike l ihood of  succes s  and a high probab i l ity of  commer
c ia l i zat ion .  

Alternat ive s  

The only a l ternat ive is to  cont inue to  re ly o n  g e rm  p lasm that has 
been unique ly se lec ted for performance in the Wes tern Hemisphere by 
breeders with d i f ferent intere s t s . 

OVERALL EVALUATION 

Thai s c ient i s t s  are we l l  trained in c l onal propagat ion .  
Unfortunat e ly ,  no l aborat ory i s  suc ce s s fu l ly app ly ing any o f  the tech
no log ies l i s t ed in the introduct ion to this report . It is recommended 
that Tha i sc ient is t s  rec eive immediate t ra ining and great ly inc re ased 
leve l s  of  fund ing to ent er into this important area . Wi th wise inve st
ment , biot echno logy can be used to  make s igni ficant improvement in 
Thai land ' s  c rops . 
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APPENDIX A 

MEMBERS OF ADVISORY AND WORKING GROUPS 

Advis ory Group on Organizat ion of Cent er 

Dr . Bhichit Rat t akul , Vice-D irector , Nat iona l Center for Genet ic  
Engineer ing and B iot echno logy , Tha i l and 

D r .  R ichard Herret t , D irec tor of Re search and Deve l opment , ICI Americas , 
Inc . , Go ldsboro , North C aro l ina 

Dr . Hugh Popenoe , D irec tor , Internat iona l Programs in Agr iculture , and 
D irector , Cent er for Tropic a l  Agr icu l ture , Univers ity o f  F l orida , 
Gaine svi l l e , F lorida ( Overa l l  Coord inat or , U . S .  group ) 

Dr . Malee Suwana-ad th , Direc tor , Nat iona l Center for Genet ic Eng ineering 
and B i ot echno logy , Ministry of Sc ienc e , Techno logy and Ene rgy , 
Royal Government o f  Thai land 

Dr . Yongyuth Yuthavong , Vic e-D irec tor , Nat iona l Cent er for Gene t ic 
Engineering and B iot echnology , Thai land 

Mrs . Ros e  Bannigan , Program Deve lopment Coord inator , Board on Sc ience 
and Techno logy for Int erna t i ona l Deve l opment , Of f ice o f  Inter
nat ional Affa irs , Nat ional Res e arch Counc i l , Washington ,  D . C .  ( S t a f f  
Coord inat ing O f f icer , U . S .  group) 

Working Group on D is e ase s of Cu l tured Freshwater F i s h  in Tha i land 

Dr . John L .  Frye r ,  P rofe s s or and Cha irman , Mic rob io logy Department , 
Oregon Oregon State  Univers i ty , Corva l l is , Oregon 

Mrs . Kamo lporn Pavaput anon , Nat iona l Inland F i sheries  Ins t itute , 
Tha iland 

D r .  Kriangsuk Sait anoo , Chulalongkorn Univers i ty , Tha i land 

D r .  Mal inee L impoka , Kas e t s art  Univers ity , Tha i land 

D r .  Thani t Kusamran , Mah ido l Univers i ty ,  Tha i l and 

Dr . Thirapan Bhukas awan , Nat iona l Inland F i s heries  Ins t itute ,  Thai land 
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Work ing Group on Af latox in in Tha i Corn 

Dr . Chalerml arb Chuaipra s i t , Patholog i s t , Department of  P lant Pathology , 
Kaset s art Univers ity , Tha i l and 

Ms . Dara Buangsuwan , Department o f  Agricul ture , Thai land 

Dr . P i t ak Ch irap inyo , Corn As soc iat ion , Tha i l and 

Dr . Urban D iene r ,  P rofe ssor , Department of Botany , P lant Patho l ogy , and 
Mic rob iology , Auburn Univers i ty ,  Al abama 

Ms . Supat ra Mansaku l , Thai land Ins t itute of  Sc ient i fic and Techno l og i c a l  
Research , Tha i l and 

D r .  Sut at Sr iwatanapongse , Corn Breeder , Department of Agronomy , 
Kas e t s art Univers ity , Thai l and 

Dr . Thirayuth G l insukon , Mahidol Univers ity , Tha i l and 

Working Group on Ut i l izat ion of Cas s ava 

D r .  Bus aba Yongsamith ,  Kaset sart Univers ity , Tha i l and 

Dr . George E .  I ng let t , Chi e f , Cereal Sc ience and Food Laboratory , 
Agriculture Research Center , U . S .  Department o f  Agriculture , 
Peoria , I l l ino i s  

Mrs . J iraporn Sukhumavas i , Tha i land 

Dr . Ma lee Suwana-ad th , D i rector , NCGEB , Thai land 

Mrs . Napha Lotong , Tha i l and 

Dr . Pai roh P inpanitchakan, Chulalongkorn Univers i ty ,  Tha i land 

Mr . Parinya Amorns irisomboon , Thai land 

Dr . P ivan Varangoon , TI STR , Tha i l and 

Mrs . Sucha i Wong-ngam-nit , Thai land 

Mrs . Sunanta Ramanvongse , TISTR , Tha i l and 
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Working Group on the Deve lopment of Anima l B iot echnology in Tha i land 

Mr . Chamnien Satayapant , Kasetsart  Univers ity , Thai land 

D r .  Charan Chantalakhana , Kaset s art Univers i ty ,  Tha i land 

Dr . Kampho l Ady l avidhaya ,  Direc tor , KURD! , Kasetsart  Univers i ty , 
Tha iland 

D r .  Maneewan Kamo lpat ana , Chulalongkorn Univers ity , Thai land 

Dr . Nat i N i lnophakoon , Facu l ty of Veterinary Medic ine , Kas e t s art 
Univers i ty ,  Tha i l and 

Mr . Udom Wangtan ,  Nongpo Cooperat ive , Thai land 

Dr . Vanda Suj ari t ,  Department of Veter inary Anat omy , Facu lty of 
Veterinary Medicine ,  Kasetsar t  Univers ity , Tha i land 

D r . Wanapa Suchar it , Kaset sart Univers ity , Tha i land 

D r .  Raymond W .  Wright , Jr . ,  Profe s s or of Ce l l  B iology and Anima l 
Sc ient is t Department of  Anima l S c ience s ,  Washington State  
Univers ity , Pul lman 

Working Group for P lant Ce l l  Culture and Alt ernat ive Crops 

Dr . David Evans , Assoc iate Director for Research , DNA P lant Techno logy 
Corporat ion , C innaminson , New Jers ey 

Dr . Montakan Vaj rabhaya , Chulalongkorn Univers ity , Thai land 

D r .  Paiboolya Kavinle rtvatana , Kase t s art Univers i ty ,  Tha i l and 

Dr . P imchai Apawacharut , Chiangma i Univers ity , Thai land 

Dr . S ir iporn N it ayangku l ,  Mahidol Univers i ty ,  Tha i l and 
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APPENDIX B 

Ins t itut ions and Manpower Engaged in Biotechnology 
and Genet ic Engineering in Thai l and 

INSTITUTION 

Mah ido l Univers ity 
Faculty  of Sc ience 

( inc lud ing Cent er for 
B iotechno logy and Center 
for Mo lecular Genet ics 
and Genet ic Engineering ) 

Ins t itute of Nutr it ion 
Nakorn Pathom 

F aculty of Med ic ine , S ir iraj 
Hospi t a l  ( inc lud ing Center 
for Tha las saemia) 

F aculty of Med ic ine , 
Ramathibod i Hospi t a l  

Faculty of Pharmacy 

Chula longkorn Univers ity 

Facu lty of S c ience 
( inc lud ing Ins t itute for 
B iot echno logy and Gene t ic 
Engineering) 

F aculty of  Engineer ing 

Kas e t s art  Univers ity 

Ins t itute o f  Food Research 
and Produc t Deve lopment 

King Mongkut ' s  Ins t itute of  
Technology , Thonburi campus 

Tha i l and Ins t itute of  Sc ient i f ic 
and Technology Research (TISTR) 

LOCATION 

Bangkok 

Bangkok and 

Bangkok 

Bangkok 

Bangkok 

Bangkok 

Bangkok 

Bangkok and 
Nakorn Pathom 

Bangkok 

Thonburi 

Bangkok 
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CORE STRENGTH* 

40 

20 

10 

10 

5 

30  

5 

3 0  

1 0  

20 

20 
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APPENDIX B ( cont inued ) 

As ian Ins t itute o f  Technol ogy Bangkok 10 

Chiang Ma i Univers i ty Chiang Ma i 10 

Khon Kaen Univers ity Khon Kaen 5 

Pr ince o f  Songkla  Univers i ty Songkla  5 

Department o f  Agriculture Bangkok 30 

The Tha i Red Cross Bangkok 10 

*R&D personne l wi th M . Sc . qua l i f icat ion or h igher working on 
b iotechnology and genet ic engineering . 
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APPENDIX C 

B IOTECHNOLOGY PROGRAMS AND PROJECTS AT MAJOR 
INSTITUTIONS IN THAILAND 

Four maj or univers i t ie s  and the Tha i l and In s t itute for Sc ient i f ic and 
Techno l og i c a l  Re se arch ( T I STR ) have var ious  ac t iv i t ies in b iotechno l ogy 
and gene t ic eng ineering and are in var ious s t age s of ins t i tut iona l i z ing 
the ir programs . The ir act ivit ie s are out l ined be low.  

MAHIOOL UNIVERS ITY 

This univers ity has a long-e s t ab l i shed internat iona l  reputat ion in 
med ical  and bas ic b iosc ience . Th is  is  part ly due to a suc ce s s fu l  j o int 
10-ye ar prog ram with the Rocke fe l ler  Foundat ion l aunched in the e ar ly 
1960s  for deve lopment o f  graduat e study and research . Mah ido l Univers i ty 
i s  s t i l l  by far the mo s t  import ant ins t itut ion in var iou s areas o f  
b i os c ience , supply ing Ph . D .  and M . Sc .  graduat es to  s t a f f  other univer
s it ie s  and ins t itut ions both in Tha i land and ne ighboring c ount r ie s . In  
1 9 7 9 , the  univers i ty creat ed the Center for  B iot echno logy and the  Cent er 
for Mo lec u l ar Gene t i c s  and Genet ic Eng ineer ing to  c onc entrate on the 
rap i d ly emerg ing f i e ld s  at  the leve l of  rese arch and deve lopment . It a l s o  
rec ent ly launched an undergraduate program i n  b iotechno l ogy . Cur rent 
maj or rese arch int eres t s  inc lud e : 

o D iagno s i s  and charac terizat ion of ma laria para s i te s  and other 
pathogens . Charac t e r i zat ion of vec tors of  t ropi c a l  d i seas e s . 
D iagno s i s  of maj or gene t ic d is e a s e s  ( tha las s aemi a , abnorma l 
hemog lob ins , etc . ) .  

o Deve lopment o f  vac c ine s for dengue , hemorrhag ic fever , hepat i t i s , 
and other infec t ious d i sease s . 

o Deve lopment and produc t ion of  b ac te r i a  and the ir tox ins wh ich k i l l  
l arvae o f  mos quitoes and other insec t pe s t s . 

o Deve lopment o f  new agent s  and proc e s s e s  for cont r o l  o f  human 
reproduc t ion .  

o Detec t i on and t ox ic o logy of mycotox ins common ly found i n  food and 
other agricu l tural produc t s . 

o I s o lat ion and d eve lopment o f  new ant ib iot ic s and other drugs from 
mic roorgan i sms and p lant s ind igenous to  Thai land . 

o Improvement o f  loc a l  ferment at ion proc e s s e s  for produc t ion of  
foods and food s eason ings , with emphas is on amino ac id produc t ion . 
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o F ie ld tes t ing o f  se lec ted l ignoc e l lulo lyt ic fung i for loc a l  
produc t ion o f  fodder from rice s t raw and water hyac int h .  

o Mod i f icat ion of natura l rubber f o r  improved propert ies and 
s e lect ive purpos es . 

CHULALONGKORN UNIVERS ITY 

The univers ity s t arted a graduate program in b iotechno logy in 1982 , 
and in the fo l lowing year e s t ab l i shed the Ins t itute for B i otechno logy and 
Genet ic Eng ineering . Thes e  programs conduc t re se arch and deve lopment 
int ended to contr ibut e to sma l l- and med ium- s c a le indust ry for produc t ion 
of b iochemicals . Maj or re se arch intere s t s  inc lude : 

o B i oc onvers ion of s tarch to glucose , fruc tose , sorb i t o l , etc . 
o Produc t ion of  se lec t ed enzyme s , e . g . , penic i l l in acy lase , g lucose  

i s omera se , amyl ase , g lucoamylase , and b rome lain .  
o Us e o f  immob i l i zed penic i l l in acy lase for produc t ion of  aminopeni

c i l l ic ac id , a key int ermediate in ant ib iot ic s produc t ion . 
o Improvement o f  n i t rogen f ixat ion in microorgan isms . 

KASETSART UNIVERS ITY 

The Department of B iot echno logy at Kas e t s art Univers ity current ly 
runs an undergraduate  program in b iot echno logy , and i t s  Ins t i tute of Food 
Research and Produc t Deve lopment i s  undert ak ing many R&D proj ec t s , 
espec ia l ly on ethano l  fermentat ion . The univers ity has a new campus at 
Kamphaengs aen , Nakorn Pathom , where f ie ld exper iments are carr ied out in 
vari ous aspec t s  of agr ic u ltura l biotechno logy . Maj or research int ere s t s  
inc lude : 

o Improvement o f  ethano l produc t i on from cassava s tarch . 
o Produc t ion of  amy lase , g lucoamy lase , and other industrial ly usefu l  

enzymes from improved s t ra ins o f  microorgani sms . 
o Immob i l izat ion and ut i l izat ion of  enzymes in the produc t ion of  food 

produc t s . 
o B iolog ical  nit rogen f ixat ion for improved c rop y ie ld s . 
o T i s sue cu lture for improvement of  economic crops , inc lud ing orchids  

and sugarcane . 
o B i ot echno logy of aquaculture and mar icu lture . 
o Opt ima l b iogas produc t ion from agricu l tural and indu s t r i a l  wa s t e  

and by-produc t s .  

KING MONGKUT ' S  INSTITUTE OF TECHNOLOGY , THONBURI CAMPUS 

The Thonbur i  Campus has set  up an R&D Operat ion Center in which 
b i ot echno logy p l ays  a par t . The campu s  is  s trong in proc e s s  eng ineer ing 
and other eng ineering a spec t s  of b iot echnology . P i lot p lants and s ome 
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experimenta l  equipment are homemade and deve loped to suit  loc a l  
cond i t ions . Re search int e re s t s  inc lude : 

o Use  of improved mic rob ial  st rains in n i t rogen f ixat ion . 
o Product ion o f  b iogas f rom agricultural was te s  and by-produc ts  on 

an indust r i a l  sca le . 
o Des ign and deve lopment of  p i lo t  p l ant s for a lcoho l fermentat ion and 

other processes . 
o Deve lopment o f  enzymat ic membrane reac tors . 

THAILAND INSTITUTE FOR SCIENTIFIC AND TECHNOLOGICAL RE SEARCH 

This broad-based R&D ins t itute is the only indus t r i a l  inst i tute in 
Thai land wi thout any univers ity l inks . B iot echno logy ac t ivit ies are 
re lat ed to the ins t itute ' s  work , ranging from food and energy to  pharma
ceut icals . TI STR recent ly comple ted a p i lot p l ant with a produc t ion 
capac ity of  1 , 500 l iters pe r day , and is conduc t ing a cooperat ive p ro j ec t  
wi th the Japanese  Assoc iat ion of  Indu s t r ia l  Ferment at ion on p i lot- scale 
produc t ion of power a lcoho l from cassava s t arch .  Other ac t ivit ies inc l ude 
operat ing the Microb ia l  Re sources  Center for Southeas t  As ian Reg ion ( sup
ported by the Uni ted Nat ions Environment Programme /United Nat iona l Educ a
t iona l ,  Sc ient i f ic and Cu ltura l Organizat ion/ Internat iona l Ce l l  Re se arch 
Organizat ion Pane l on Microb io logy) and the Nat iona l Gene B ank of Tha i l and 
( supported by the Internat ional  Board for P l ant Gene t ic Resource s ) . 
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APPENDIX D 

SUGGESTED PROPOSAL FORMAT FOR INDIVIDUAL GRANTS 

A p roper proj ect p l an shou ld inc lude the fo l l owing e lement s : 

Abs t rac t .  A summary o f  about 200 words describing the proposed research 
work and i t s  relat ionship to the genera l prob lem area . This  summary 
should be informat ive for other sc ient i s t s  in the s ame or re l at ed field s , 
yet understandab le by l aymen . I t  should inc lude the total  amount of funds 
reques t ed or needed and the proposed durat ion of the proj ec t .  

Background . A brief technic al de sc ript ion of the sub j ect that is  under
s t andab le  to other s c ient is t s  and that inc ludes d iscus s ion of the sc ien
t i f ic and t echnological b ackground and i t s  re lat ion to the main prob lem 
are a .  I t  should inc l ude base l ine data to define surround ing cond it ions 
and fac e t s  of  the problem as we l l  as a review of l i terature on the s tate 
of  the art , both domest ic and fore ign . The views and find ings of  peers 
in other univers i t ie s  or mini s t r ies  work ing in s imi lar f ie lds in Thai land 
should be ref l ec ted to assure an adequat e p ic ture of  the current 
s ituat ion .  

Impac t  Statement . Thi s i s  a quant itat ive s tatement o f  the ant ic ipat ed 
bene f i t s  o f  the proj ec t re lat ive to bas e l ine cond it ions and inc ludes both 
the immediate resul t s  and the long-term bene f i t s  fo l lowing imp lement at ion 
of the so lut ion. Th i s  statement shou ld inc lude , whenever pos s ible , 
quant ifiab le or me asurab le e lements a s  they are he lp fu l  in describ ing 
ant ic ipated or potent ial  impac t s . Imp l ic it in the impac t s tatement is a 
definit ion of the long- term goals  toward which the pro j ec t  is  expected to  
cont ribut e .  

Obj ec t ive . A c lear , c onc ise , detai led statement of  the pro j ec t  obj ec t ive , 
inc lud ing :  

o Gene ra l  ( re lat ed to proj ec t goa ls ) 
o Spec i f ic obj ect ives o f  the proposed re search in ver i fiab le terms . 

Research P l an .  The heart 
spec ial i s t s  in the f ie ld . 
should be provided : 

o f  a proposa l , which should be d irec t ed to 
For e ach phase  of the proj ec t , the fo l l owing 

o Hypothe s is to be te s t ed 

- 8 7  -
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0 Me thodo log ies to be tes ted 
0 Act ivit ie s to be carr ied out 
0 Inputs  requ ired 
0 T imetab le and durat ion of this pha se 
0 E thical  cons id erat ions i f  human sub j ec t s  are to be used in the 

re search 
o Re sources . 

In the resources  sec t ion ,  two very impor tant aspec t s  shou ld be 
cons idered : manpower and organizat ion and fac i l i t ie s . The manpower and 
organizat ion subsec t i on describes  how the project  group wi l l  be s t ruc tured 
and organized and i t s  report ing channe ls . It a l so out l ines the subpro
j ec t s  and tasks for a l l  ind ividuals  or groups invo lved so that ind ividual 
re spons ib i l i t ie s  are c le ar as  wel l  as the t ime or the frac t ion of t ime 
required for e ach task . I f  certain ski l l s  are not ava i l ab le in-hous e ,  
arrangement s for obt a in ing them e ls ewhere o r  c o l l aborat ing with another 
group or groups mus t  be c l early def ined . Rea l i s t ic ass ignment s mus t  be 
based on the actual  t ime that a spec i a l i s t  can devote to a proj ec t .  E ach 
task and the manpower and t ime required to ac compl ish it shou ld be e s t i
mated with the part ic ipat ion o f  the ind ividual who wi l l  do the work . 

The s ubsec t i on on fac i l i t ies  c l early s tates  where the proj ect  wi l l  be 
conducted and what equipment or fac i l it ie s  are requ ired . In s ome cases , 
opportunit ie s  for sharing with o ther organizat ions must be explored and 
the nece s s ary arrangements made . I f  spec ial  equ ipment is  to  be procured , 
a s t atement of  cost  i s  inc luded as  we l l  as  a re asonab le t ime schedule for 
i t s  order , del ivery , ins t a l lat ion ,  and cal ibrat ion at the proj ec t .  S ince 
long lead t ime s may be needed to obt a in the appropriate equ ipment , p lan
ning must be carefully coord inated with manpower needs so that operators , 
for example , are not scheduled unt i l  ac tua l ly needed . 

T ime Schedule and Mi le s tones . The schedule for the overal l proj ect shows 
the beg inning and end o f  ind ividual tasks and e s tab l i she s  appropriat e  pro
j ect  mi les tones . Mi le s tones are po ints in t ime when maj or technical 
resu l t s  should appear , when equipment s hould be ready for servic e , or when 
c r itical  dec i s ions shou ld be made . Mi le s t ones also ind icate when an over
a l l  pro j ec t  eva luat ion or a s se s sment i s  to be made so that mid-course 
correct ions can b e  app l ied i f  nece s s ary .  P roperly devel oped , the t ime 
schedu le permi ts  one to judge the e f fect ivene s s  of proj ec t management . 
I t s  qua l ity cont ribute s  to the c red ib i l ity o f  the total  p lan . 

Budge t .  The budget l i s t s  the total  expense to the organizat i on of 
conduct ing the proj ec t , and it inc ludes rout ine expense s  ( s al aries and 
overhe ad , if  appropriat e )  as  we l l  as deve lopment expense s .  The budget is  
c omp i led and d i sp layed on a t ask-by- task bas is , so  that both financ ial and 
t echnic a l  progress  can be reviewed during proj ec t eva luat ions . Proper ly 
c omp i led , the budget permits  one to j udge the e f fect ivenes s  of proj ect 
management . 
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