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NOTICE : The proj ect that is the subj ect of this report was approved by 
the Governing Board of the Nat ional Research Counc il , whose  members are 
drawn from the counc ils of the Nat ional Academy of Sc ience s ,  the 
Nat ional Academy of Engineering , and the Inst itute of Medic ine . The 
members of the committee respons ible for the report were chosen for 
the ir spec ial competences and with regard for appropriate balance . 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee cons isting 
of members of the Nat ional Academy of Sc ience s ,  the Nat ional Academy of 
Engineering , and the Inst itute of Medic ine . 

The Nat ional Research Counc il was establ ished by the Nat ional Academy of 
Sc iences in 1916 to as soc iate the broad community of sc ience and 
technology with the Academy's purposes of furthering knowledge and of 
advis ing the federal government . The Counc il operates in accordance 
with general pol ic ies  determined by the Academy under the authority of 
its congres s ional charter of 186 3 , which establ ishes the Academy as a 
private , nonprofit , self- governing membership corporat ion . The Counc il 
has become the princ ipal operat ing agency of both the Nat ional Academy 
of Sc iences  and the Nat ional Academy of Engineering in the conduct of 
the ir services to the government , the public , and the sc ient if ic and 
engineering communit ie s . It is administered j o int ly by both Academie s 
and the Ins t itute of Medic ine . The Nat ional Academy of Engineering and 
the Inst itute of Medic ine were establ ished in 1964 and 1970 , 
respective ly , under the charter of the Nat ional Academy of Sc ience s .  

The se proceedings have been prepared by the Board on Sc ience and 
Technology for Internat ional Deve lopment , Off ice of Internat ional 
Affa irs , Nat ional Research Counc il , for the Miss ion to Indone s ia ,  U . S .  
Agency for Internat ional Deve lopment , under Contract No . 
ASB - 0 3 3 3 - L - 00 - 5 1 6 1 - 00 . 

Copies are available from : 

Board on Sc ience and Technology 
for Internat ional Deve lopment ( BOSTID) 

Nat ional Research Counc il 
2101 Const itut ion Avenue , N . V .  
Washington , D . C .  20418 USA 

Re s idents of Indones ia should reques t  copies directly from : 

Nat ional Re search Counc il ( DRN) 
Office of the Minister of State 

for Research and Technology 
Jl . Veteran III  
P . O .  Box 376 1 
Jakarta 10110 , INDONESIA 
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P&EfACE 

In 1 985 . the Nat ional Research Counc il of Indone s ia ( DRN) invited 
the Board on Sc ience and Technology for Internat ional Development 
( BOSTID) to j o in it in sponsoring a workshop on the appl icat ion of 
biotechnology to agricultural deve lopment . This workshop was held in 
Jakarta . Indone s ia .  March 13- 14 . 1986 . The primary obj ectives of the 
workshop were to exchange informat ion and experience on applying 
biotechnology to agriculture . to discuss how the present state of and 
future prospects for biotechnology could lead to increased agricultural 
product ion in Indones ia .  and to set priorit ie s  for the appl icat ion of 
biotechnology to agriculture in four areas : embryo transfer and animal 
product ion . plant cell and t issue culture . biological nitrogen 
f ixat ion . and bioconvers ion of agricultural by-products . 

Agricultural development bas high priority in Indones ia .  It is key 
to fulfill ing the bas ic needs of its people and providing prosperity 
for the country . Such deve lopment faces great challenge s .  however .  
s ince the demand for food - - in relat ion to both quant ity and qual ity-
cont inues to rise . The tremendous amount of exist ing agricultural 
by-products . nov underutilized . could be used to produce food . feed . 
and other industrial products . 

Part icular attent ion vas given in the workshop to the industrial 
potent ial of products that may arise from the appl icat ion of 
biotechnology as well as how to increase agricultural output . 
Attent ion vas focused not only on near-term prospects . but also on the 
longer term which will be affected by the use of b iotechnological 
techniques . 

These act ivities were one act ivity in a larger program of 
cooperat ion between BOSTID and the Indones ian government . Begun in 
1968 . this program bas featured a series of workshops on food pol icy . 
industrial and technological research . natural resources .  rural 
productivity . manpower planning . and marine algae b iotechnology . 
BOSTID ' s  part ic ipat ion has been supported in the context of a sc ience 
and technology loan from the U . S .  Agency for Internat ional Deve lopment 
(USAID) to the government of Indone s ia .  The current two -year program 
with BOSTID calls for a number of act ivit ies  (panel  discuss ions . 
workshops . follow-up act ivit ies . or small advisory groups) to be 
organized each year . 

- iii-

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology in Agriculture: Summary Report, Jakarta, Indonesia, March 13-14, 1986
http://www.nap.edu/catalog.php?record_id=18585

http://www.nap.edu/catalog.php?record_id=18585


ORGANIZATION OF THE VORKSHOP 

This workshop was organized by the Nat ional Committee for 
B iotechnology of the Office of the Minister of State for Research and 
Technology under the sponsorship of the Indones ian Nat ional Research 
Counc il . 

Prior to the workshop , a one - day vis it was made to the Mar ihat area 
to meet with off icials of the oil palm estate , research center , and 
palm oil factory located there . The next two days were spent in the 
Bogor area vis iting offic ials  of Bogor Agr icultural Univers ity , s taff 
of the Bogor Research Inst itute for Estate Crops , several da iry farms , 
as well as Tapos , the personal farm of Pres ident Suharto . All of these 
s ite vis its were arranged by the staff of the Biotechnology Organiz ing 
Committee . 

Dr . A .  M .  Satari , on behalf of the steering committee , convened the 
workshop in plenary sess ion on the morning of March 13  ( see Appendix 
A) . Mr . Richard A .  Cobb , chief of the Office of Agriculture and Rural 
Deve lopment of the USAID Mis s ion in Indone s ia ,  commented on the 
t ime l ine s s  of the se discuss ions given that biotechnology will l ike ly 
become the foundat ion of a new revolut ion in agricultural research and 
deve lopment through the remainder of the century ( see Appendix B) . 

Dr . Doddy A .  Tisna Amidj aj a ,  vice - chairman of the DRN , offic ially 
opened the workshop on behalf of Dr . B .  J .  Habibie , minister of state 
for research and technology and cha irman of the DRN . He then described 
the long relat ionship between Indone s ia and the U . S .  Nat ional Re search 
Counc il . He indicated that Indones ia's future deve lopment will depend 
heavily on its abil ity to use sc ience and technology effect ive ly ,  
espec ially in the ut il izat ion of its endowment of natural a s  we ll as 
human resources . He expre ssed his hope that recommendat ions from this 
workshop would focus on program priorit ies , research and deve lopment 
needs , and manpower development ( see Appendix C ) . 

Papers prepared for the workshop compose Part I of this report . 
During the workshop , part ic ipant s broke into four working groups which 
addressed the four spec ific areas of concern : embryo transfer and 
animal product ion , plant cell and t is sue culture , plant nitrogen 
fixat ion , and bioconvers ion of agricultural by-products . 

On March 14 , the conclus ions and recommendat ions of the four 
working groups were presented by the cha irperson of each group . Dr . 
Charle s c. Mus coplat , cha irman of the U . S .  Nat ional Research Counc il 
(NRC) panel , spoke on behalf of his U . S. colleagues about the various 
steps needed for Indone s ia to further develop its capabil ity in 
biotechnology . His comments are included in Part III of this report . 
The workshop agenda and a list of the part ic ipants are included as 
Appendixes D and E ,  respect ive ly . 

This workshop report was prepared by Rose Bannigan of the BOSTID 
s taff us ing papers written by the Indones ian and NRC workshop 
part ic ipant s . The papers have been edited to el iminate dupl ication ,  
but they accurately reflect the discuss ions . The final draft was 
reviewed and approved by the members of the NRC pane l and the 
Indones ian organiz ing committee . Sabra Bis sette Ledent , BOSTID 
consultant , edited the report . 

- iv-
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Part ic ipants would l ike to acknowledge the valuable contribut ion of 
the workshop's organizing committee to the f inal arrangements for the 
workshop as we ll as to the s ite vis its to Marihat and Bogor . The 
organiz ing committee was cha ired by Dr . Haryanto Dhanut irto . Spec ial 
thanks is due to Ir . Oestara Viradinata , director of Utama PT 
Perkebunan , and his col league s for rece iving the vis itors to the oil 
palm e s tate and industry and for the ir generous hospital ity . 
Apprec iat ion is also extended to off ic ials at Tapos for host ing the 
vis it to the ir cattle breeding experiment stat ion . 

Finally , the part ic ipants would l ike to thank the members of the 
workshop secretariat for the excellent organizat ion of the workshop . 
The secretariat was under the supervis ion of Drs . Jana Anggadiredj a .  

-v-
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PART I 

Overview 
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NATIONAL PROGRAM FOR THE DEVELOPMENT OF BIOTECHNOLOGY 

D idin S .  Sas trapradj a 
As s is tant II  Minis ter for Research and Technology/ 

Cha irman , National Committee on B iotechnology 

B iotechnology , which integrates several sc iences , plays a 
s ignificant role in development worldwide . Research in this field has 
moved rapidly , and its appl icat ion has produced new biotechnologies or 
bioindus tries . Many technological problems rema in ,  however , in 
applying biotechnology . 

The government of Indones ia has determined that the development of 
biotechnology is a national priority . It will be ut il ized for 
support ing nat ional development needs on an industrial scale in the 
areas of agriculture , health care , chemical manufacturing , food 
product ion , and environment . 

APPLICATION OF BIOTECHNOLOGY IN INDONESIA 

In Indones ia ,  biotechnology is part of the activit ies tradit ionally 
as soc iated with the fermentat ion of solids or l iquids to produce food 
and beverages .  This tradit ional technology has several 
characteristics : small investment , labor intens ive (us ing skilled and 
unskilled labor) , small scale , low budget ,  and low value added . 
Currently , medium- scale industries us ing biotechnological techniques 
produce alcohol , beer , c itric acid , monosodium glutamate , l iquid sugar , 
and s ingle - cell prote in . 

B iomedical product s  for humans have been produced for decades in 
Indones ia at B iofarma in Bandung , but the product ion process  used 
presently needs improvement by introduc ing recently developed , 
sophist icated technologies . Biomedical products for animals have also 
been produced in Indone s ia ,  with the use , however , of old technological 
processes . 

BIOTECHNOLOGICAL RESEARCH IN INDONESIA 

In general , research is dominated by efforts to develop materials 
s tandards for us e in the tradit ional fermentat ion proce s ses; to develop 
inoculum through isolat ion , ident ificat ion , and screening of domestic 
microbes; and to learn more about the variables of the fermentat ion 
processes . 

- 3 -
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Recently . research has been expanded to cover the sectors of health 
care . agriculture . and industry. This research has centered around the 
search for a microbial strain that produces  a secondary metabolite . 
bioengineering ( fermentat ion condit ions . reactor des ign .  the 
pos t - fermentat ion proces s . the computerized fermentat ion process) . 
t i s sue culture . biogas . and waste proce s s ing. In the future . this 
research will be directed toward large - scale appl icat ions . 

Re search units support ing biotechnology in Indones ia include : 

o The Agency for the As ses sment and Appl icat ion of Technology 

o Univers ities such as the Univers ity of Indone s ia .  Bogor 
Agricultural Univers ity . Bandung Institute of Technology . and 
Gadj ah Mada Univers ity .  These univers ities form the 
Inter -Univers ity Center of Biotechnology. 

o Res earch inst itutes under the Indones ian Inst itute of 
Sciences . including the Nat ional Institute of Chemistry . 
Nat ional Institute of Biology . and Center for Research and 
Development in Biotechnology at C ibinong (planned) 

o Res earch ins t itutes under the Department of Agriculture . 
including the Sugar Re s earch Ins titute in Pasuruan . Estate 
Crops Re search Inst itute . and Food Research Ins t itute . 

Organizat ions involved in the product ion of biotechnologies include 
the Biofarma in Bandung ( s tate owned) . Veterenary Farma in Surabaya 
( s tate owned) . various food and pharmaceut ical indus tries (privately 
owned) . and the research institute in the Department of Health . 

NATIONAL PROGRAM ON BIOTECHNOLOGY 

The obj ective s of the nat ional program on biotechnology are to 
formulate a nat ional plan of act ion and pol icy : to promote the role of 
biotechnology in agricul ture . health . and indus try : and to encourage 
R&D in biotechnology and its appl icat ion . The targets of the national 
program are: 

o To increase the number of industries bas ed on the appl ication 
of biotechnology to produce goods and services 

o To develop R&D capabilit ies in all f ields of s tudy related to 
biotechnology that could support a sus tainable nat ional 
b ioindus try. 

Meet ing thes e  targets requires appl ication of a four- s tage program 
for technological trans format ion in biotechnology: 
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o Stage 1. Transfer of technology where the development of 
b ioindustries require s the direct assis tance of fore ign 
technologies . At this stage , biotechnology is imported for 
immediate production of high-value added goods and services .  
This s imultaneous ly provide s opportunities to understand the 
des ign and techniques of the imported biotechnology . 

o Stage 2 .  Technological integration of biotechnology to 
develop a new des ign or blueprint for the development of a new 
biotechnology . 

o Stage 3. Technological development of the new biotechnology 
to afford a comparative superiority in bioindustry . 

o Stage 4 .  Bas ic research to support the future deve lopment of 
b iotechnology . 

Pos s ible steps needed to develop biotechnology in Indone s ia are : 
mobil izat ion of the existing nat ional capabilities in biotechnology , 
promot ion of the ut il izat ion of existing biotechnological processes  as 
wel l  as R&D on new proces ses , and development of sc ient ific and skilled 
manpower through spec ial training and education . 

In undertaking these  steps , the following should be kept in mind: 

o The l imitat ion of resources , including fac ilities , manpower ,  
and funding , in each institution . 

o The purpos e and funct ion of each institution such as bas ic 
research , appl ication , and educat ion . 

o The weakne s s  of the private sector which will l ikely be the 
consumer and marketer of products created by the ins t itutes .  

CENTER FOR RESEARCH AND DEVELOPMENT IN BIOTECHNOLOGY 
AT CIBINONG 

Because development of the "new" biotechnology requires a large 
capital investment and substantial wel l - qualified manpower ,  it is more 
economical with the pre sent s ituation in Indones ia to establ ish a new , 
wel l - equipped , and wel l - funded research and development center for 
b iotechnology ( the Center for Research and Development in Biotechnology 
at Cib inong) than support the existing R&D inst itutes  under various 
government organizat ions . The obj ect ives of the Center are to develop 
the national capabil ity to conduct research and development in the 
"new" biotechnology and genetic engineering and to provide the 
sophisticated facilit ies needed for this undertaking . In the long run, 

it is expected that the biotechnological approach can be util ized to 
increase and promote the economic value of natural resources for food , 
feed , medic ines , chemical s , and energy . 
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In develop ing the Center . the following guiding princ iples will be 
observed : 

o The activit ies of the Center will be cross sectoral in 
character . 

o The program of the Center will become the focal point of a 
nat ional network in biotechnology. 

o The Center's activit ies will produce informat ion and products 
(prototypes) that are low volumefhigh value in character . with 
extens ive market potential and usable for scaling -up studies .  

The funct ions of the Center will be �o : 

o Develop and disseminate appropriate appl icat ions of modern 
biotechnology . 

o Act as  a clearinghouse in biotechnology . 

o Offer its fac il ity for internships and training in 
biotechnological research . 

o Develop and perform the deta iled planning of biotechnological 
manufacturing plant s . 

To real ize its obj ectives . the Center will formulate selected 
research and development proj ects that support nat ional programs in the 
fields of family planning . health care . food product ion . animal 
product ion . and the manufacture of pharmaceut icals  and other 
biologically active compounds . Research will encompas s microbiology . 
plant cell and tissue culture . genetic engineering . analys is . 
fermentat ion techniques .  downstream proces s ing . and lab - s cale p ilot 
s tudies . 

The Center will be located on 200 hectares of government land at 
C ibinong which is  s ituated between Jakarta and Bogor. Pharmaceut ical 
and food process ing factories .  related research laboratories 
(agriculture . biology . health . animal husbandry) . and univers ities are 
located nearby . The following fac ilities are planned for the future : 

o Laboratory of appl ied microbiology and tis sue culture 
o Laboratory of biochemistry and molecular biology 
o Proce s s ing laboratory 
o Laboratory of l imnology 
o Support ing fac ilities (water treatment . greenhouse s . workshop . 

s taff hous ing) . 

During the first and second five -year development phase s . the 
Center will be funded by the government of Indones ia and fore ign 
a s s i stance . Start ing with the third five -year development phase .  
however . the Center is expected to be gradually able to finance its 
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act ivit ies through contract research and the provis ion of fac ilit ies as 
well as consultants in the f ield of biotechnology . It is expected that 
this abil ity will increase with time . 
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BIOTECHNOLQGY IN AGRICULTURE 

Charles C .  Muscoplat 
Chairman , NRC Panel , and 

Pres ident , Molecular Genetics , Inc . 

Biotechnol0£y will have a maj or impact on the future of world 
agr iculture . Technologies such as embryo transfer and genetic 
engineering to produce new vacc ine s ,  drugs , ant ibiot ics , and hormones 
for animal product ion; cell and tis sue culture of important crop 
spec ies; nitrogen fixat ion; and industrial fermentat ion will be key to 
increas ing world agricultural product ivity . Coupled with better farm 
management systems , better hygiene , conservat ion of natural resources , 
and development of new fertilizers and crop chemical s , these  
technologies can mean tremendous improvements in agricultural 
product ivity . 

The goals of these new technologies must be to increase 
agricultural product ivity; to provide for a stable , high-qual ity , 
nutrit ious food supply; to protect internat ional trade by safeguarding 
our l ivestock and crops from disease and toxic substances; and to 
pres erve natural resources and safeguard the environment . Increased 
agricultural product ivity will help feed the hungry and will improve 
the economics of agricul ture - based countries by substitut ing technology 
for subs idies and pres erving financial resource s  which can then be used 
to benef it the populat ion in other ways . 

The four technologies covered in this workshop are crit ically 
important to the advancement of world agriculture . Embryo transfer and 
techniques to improve animal product ion , plant cell and tis sue culture , 
nitrogen fixat ion , and industrial fermentat ion can work together in a 
complementary fashion to improve agriculture . This paper briefly 
reviews each of these technologies and gives examples of how each 
technology can benefit world agriculture . 

EMBRYO TRANSFER AND ANIMAL PRODUCTION 

Perhaps one of the mos t  excit ing fields in b iotechnology today is 
embryo transfer and animal product ion . Embryo trans fer is becoming 
widely ava ilable , and in many parts of the world it is now a commerc ial 
real ity . The advantage of the advances achieved recently in embryo 
transfer over class ical breeding is the rap idity with which superior 
genetic traits can be established within a livestock populat ion . 
Transfer of improved product ivity genes into l ives tock germ plasm will 

- 8 -
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be achieved by the end of this decade . Once new l ives tock genotypes 
are established , embryo transfer is the only pract ical way to 
disseminate the new germ plasm quickly worldwide . It will then be 
essent ial that countries with intens ive l ive stock product ion become 
skilled in the technique s of embryo transfer . 

Technique s of molecular b iology and genet ic engineering are already 
a commercial reality and promise to be as important as plant cell and 
tissue culture , nitrogen f ixat ion , and embryo trans fer . Genetic 
engineering will allow the production of improved vacc ine s for 
infect ious diseases such as foot - and- mouth disease and swine fever 
r inderpe st . It will al so soon provide an array of pharmaceut ical 
product s  for increas ing l ive stock product ivity . Some exampl es  are 
animal growth hormones for increased growth and milk production ; 
fert ility hormone s for increased fecundity , ovulat ion , and concept ion 
as well as synchronizat ion ; and immune -modulat ing prote ins such as 
interferons , interleukens , and related prote ins necessary for disease 
res is tance . Monoclonal ant ibodies wil l  provide the tools needed for 
rapid diagnosis  and detect ion of specific diseases as wel l  as for 
specific pas s ive ant ibody therapy . Another exc it ing use of the new 
technology will be the appl icat ion of genetic engineering to 
aquaculture . 

PLANT CELL AND TISSUE CULTURE 

The process  of culturing plant cells in vitro i s  becoming better 
unders tood and widely ava ilable .  It involves the in vitro propagat ion 
of either plant embryonic or other p lant organ system tissues . The 
ma in purpose of the technology is to introduce into agronomic p lant s 
altered genet ic traits that provide some product ion advantage . 
Specifically , by exploit ing somaclonal variat ion in plant cell culture , 
sc ient ists can increase the genetic divers ity of plants and widen the 
sources of germ plasm used for maj or crops . Currently , many crops are 
produced from very few or even s ingle cult ivars , thereby expos ing 
producers to high risks that a s ingle disease could destroy an ent ire 
crop species . Broadening the bas i s  of genetic divers ity will reduce 
risk as well as allow selection for improved traits . 

Advanced techniques of plant cell culture can be used to alter 
spec ific s ingle - gene traits such as select ion for res istance to various 
crop chemicals , thereby giving the producer a wider choice of product s  
and procedures for each type o f  agricultural operat ion , o r  increas ing 
spec ific amino acid product ion to improve the nutrit ional qua l ity of 
plants . One of the mos t  exc it ing areas of inves t igat ion currently is 
the selection of plants res is tant to viral , fungal ,  or even insect 
diseases . In the future , agricultural crops developed by tissue 
culture techniques may contain a comb inat ion of improved tra its such as 
improved nutrit ional quality for both l ivestock and humans or tolerance 
of crop chemicals or toxic soil chemicals ( the aluminum toxic ity 
encountered in Braz il  and other parts of the world , for example) . 
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NITROGEN FIXATION 

Mos t  crops require increased nutrit ional support through the 
appl icat ion of chemical fert il izers . For the moat part , these  
cheaicals cons ist of  potass ium ,  phosphorus ,  and nitrogen . Potaaaiua 
and phosphorus are taken froa the ground through mining , whereas 
nitrogen fertil izers are manufactured froa natural gaa ut il iz ing 
atmospheric nitrogen . Fert il izers have been the single aoat important 
factor in increasing crop production . In combination with improved 
germ plasm , herbicides ,  insecticides , and soil conservation ,  
nitrogen-based fertilizers have s ignificantly boosted agricultural 
product ivity worldwide . 

Fert il izers add s ignificant coat to crop product ion . In some parts 
of the world , nitrogen fert il izers are expens ive , d ifficult to obtain , 
or s imply unavailable for a variety of reasons . Theoret ically , 
eliminating or reducing the need for nitrogen will improve both the 
economics and productivity of the important nonleguminous crops . 
Although the development of genet ically engineered , nitrogen - fixing 
crops appears to be many years from be ing practical , such a development 
promises to be one of the aoat important advances  in all of plant 
agriculture . Research ia currently d irected toward developing improved 
nitrogen -fix ing bacteria , genetically altering plants , and developing 
plants better able to uae convent ional fertil izers . 

INDUSTRIAL FERMENTATION 

The fermentat ion proces s  is vitally s ignificant worldwide . 
Examples of industrial fermentation products of importance are 
s ingle - cell proteins for nutritional supplementation , ant ibiot ics , 
drugs , hormones ,  food products such aa microbial rennena for cheese 
production , alcoholic beverages , and spec ialty chemicals . In addition , 
nearly all the genet ically engineered products described above will be 
produced us ing the fermentation process . Thus , there ia no doubt about 
the critical need to develop improved industrial fermentat ion 
processes . 

In addition to the uses  listed above , the creative uae of 
fermentat ion techniques may also part ially solve the important problems 
of agricultural waste . For example , although the large amounts of 
waste by-products associated with animal , crop , and food production may 
not be suitable for commercial use as they are , it may be poss ible with 
fermentat ion techniques to convert these products into e ither useful 
end products or valuable intermediates . The important challenges 
facing fermentation engineers are how to des ign both new microbes that 
fac il itate appropriate bioconveraiona and the fermentat ion apparatus 
and its operation . It will also be important to addreaa the d ifficult 
problems assoc iated with materials handl ing in the b ioconvers ion of 
agricultural wastes into useful end products . 
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CONCLUSION 

Many challenges are fac ing agriculture today in the form of 
ever- increasing demands for agricultural product ion , diminishing 
natural resources , and concerns about the environment , transportat ion , 
internat ional trade , and geopolitics . Farms are changing rapidly from 
single farmer operat ions to large industrial ones . The future wil l  
require complex management o f  sc ient ific a s  wel l  as  financ ial and 
logist ical support . 

Each of the technologies described above can provide agriculture 
with a s ignificant advantage . But achieving excellence in each of 
these areas wil l  not be easy . It wil l  require cooperat ion at all  
leve ls of government , industry , and academia worldwide . Because 
research is becoming increas ingly expensive and difficult , it is 
becoming more difficult to purchase the necessary high- technology 
equipment , to build the proper facil it ies , and to train quality 
sc ient ists . It is thus vise to form collaborat ive arrangement s among 
countries , governments , industries , and universit ies and thereby take 
advantage of different areas of expert ise found in each country and 
organization . Such a step would also reduce the f inanc ial cos t  of 
worldwide agricultural development , fac ilitate scient ific exchange . and 
promote the acquisit ion of new knowledge . It would ,  in addit ion , build 
worldwide agricultural and technological all iances which wil l  extend 
beyond agriculture and may serve as the bas is of broader cooperat ion . 

In the United States , cooperat ion is s lowly developing among 
government , indus try , and academic sc ient ists . Regulatory agenc ies are 
becoming increas ingly skilled at understanding and regulat ing products 
developed through new genetic technologies . Profes s ional societies are 
beginning to fac ilitate greater scient ific exchange among sc ient ists  on 
a global bas is . It is important that this cont inue . 

It is also important that an effic ient patent sys tem be developed 
to protect invent ions aris ing from biotechnology . Such protect ion will 
ensure that industries inves t  research monies in cont inued product 
deve lopment and improvement .  

In summary , the future of agriculture will be exc iting . We must 
take care , however , to focus our efforts and f inanc ial resources  
carefully on a limited number of practical areas to  avoid the dilut ion 
of effort that results in slower overall development . 
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THE BIOTECHNOLQGY INITIATIVE IN NORTH CAROLINA 

Richard J .  Patterson 
Pre s ident , North Carol ina Biotechnology Center 

The North Carol ina Biotechnology Center is  the f irst 
state - e stabl ished center of its kind in the United States and , l ike 
that of several of its succes sors in other states , its miss ion is 
economic development from b iotechnology . In pursuing its mis s ion ,  the 
Center recognizes that biotechnology is expected over time to have a 
greater and greater economic impact in the United States and around the 
world . In North Carol ina , the a im is to develop the Center's resources 
and capabil ities so that the s tate wil l  directly benefit from 
biotechnology . 

HISTORY OF THE CENTER 

The North Carol ina Biotechnology Center was establ ished in 1981  
under the Governor's Board of  Science and Technology . The idea behind 
this init iat ive was that a state inves tment in biotechnology woul d , in 
the long term , provide a maj or economic benefit to the s tate . Earlier 
state inves tments in other technologies es tablished a favorable climate 
in which to start the Center . The first steps in its establ ishment 
were to assess  thoughtfully res earch in biotechnology , look at where 
the biotechnology indus try was and where it saw itself going in the 
future , examine the economy in North Carol ina and its resource base , 
and es tabl ish the abil ity to target and to focus the Center's 
activit ies . 

One of the f irst maj or undertakings was an inventory of researchers 
in biotechnology . This inventory characterized the ir expert ise and 
identified the areas in which they were doing research . The first t ime 
this inventory was undertaken , it ident ified about 150 researchers in 
N . C .  universities who were actively involved in biotechnological 
research . The second inventory , undertaken about a year and a half 
ago , ident ified more than 300 researchers in biotechnology or , it is 
e s t imated , about hal f of the manpower resource . S imultaneously , N . C .  
indus tries and companies that are either act ively involved in 
b iotechnology or l ikely to feel the impact of biotechnology were 
queried . This then ident ified the private sector element involved in 
b iotechnology . 

- 12 -
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FUNDING 

Funding for the Biotechnology Center has increased gradually . 
Initially , funding was about $200 , 000 a year from the Governor ' s  Board 
of Sc ience and Technology . In 198 3 , the Center received its f irst 
direct funding ( $ 500 , 000) from the state legislature . Because the 
legis lature was becoming increas ingly interested in this investment in 
biotechnology , it established a legis lat ive study committee to examine 
where biotechnology was today and to learn where those with expertise 
saw it going in the future . The study committee conducted almost two 
years of hearings , involving experts in research , bus iness , and 
finance .  As the committee listened to testimony , it heard about 
biomedic ine , crop and animal agriculture , and forestry and mar ine 
industries - - all of which are very important to the economy of North 
Carol ina . This combinat ion represents many opportunities , and the 
challenge then was determining what level of investment was necessary 
for the state to benefit . At the end of the two years of testimony , 
the study committee recommended that North Carol ina invest almost $70 
mill ion in biotechnology over a f ive -year period . As a result , the 
budget of the Biotechnology Center for 198 5 - 1986 is $6 . 5  mil l ion . 

In 1984 , the North Carolina Biotechnology Center was reorganized as 
a pr ivate corporat ion , giving it the flexibil ity to work with the 
private sector and with private and public univers ities and to pursue 
opportunities that were not pos s ible when the Center was part of state 
government . 

RESOURCES 

The North Carol ina Biotechnology Center is not building a research 
fac il ity . Because the fac ilit ies of North Carol ina research 
universit ies are extens ive , the Center determined that the most 
effective way to marshal its resources and to have its des ired impact 
was to invest in research act ivit ies in the univers it ies rather than 
develop a separate act ivity that would poss ibly compete with the 
univers ities . The universities are key to the Center ' s  efforts , and a 
maj or thrust of the Center is to increase the ir capabilit ies  in 
biotechnology . This includes attract ing new faculty . For example , 
North Carol ina State Univers ity was recruit ing a senior faculty member 
in plant molecular biology , which attracted a senior academic ian , Dr . 
Will iam Thompson , from the Carnegie Institute in Stanford , Cal ifornia . 
Dr . Thompson left an attractive s ituat ion at Carnegie to come to North 
Carol ina for sc ient ific reasons . That is , North Carol ina State 
Univers ity has an outstanding plant breeding capabil ity , and he wanted 
to collaborate with plant breeders who understood crops as well  as the 
tra its on which a molecular biologist should be working . 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology in Agriculture: Summary Report, Jakarta, Indonesia, March 13-14, 1986
http://www.nap.edu/catalog.php?record_id=18585

http://www.nap.edu/catalog.php?record_id=18585


- 14 -

PROGRAMS 

Monoclonal Lymphocyte Technology Center 

The Monoclonal Lymphocyte Technology Center is actually based in 
three univers ities : North Carol ina State Univers ity ,  Duke Univers ity 
(private) , and the Univers ity of North Carol ina at Chape l Hill . 
Funding for the Center is provided by the Nat ional Sc ience Foundat ion , 
sponsor ing companies , and the North Carol ina Biotechnology Center . Its 
present annual budget is about $675 , 000 . 

The Technology Center ' s  obj ect ive is to undertake bas ic research 
that is relevant and of part icular interest to industry . Thus , the 
sponsoring companies are crit ical in selecting research proj ects for 
the Center and in monitoring the ir progress . Over t ime the number of 
sponsoring companies will likely increase ,  and there will be a turnover 
in proj ects as the frontiers of sc ience change . As the needs of 
industry change , the bas ic research of industrial interests will take 
on a different complexion as we ll . 

Plant Molecular Biology Consort ium 

The Plant Molecular Biology Consort ium is also based at the 
"Tr iangle Univer sities " :  Duke Univers ity , North Carol ina State 
Univers ity , and the Univers ity of North Carol ina at Chapel Hill . A 
major act ivity of the Consort ium is a fellowship program for graduate 
and postgraduate tra ining . Funding is provided by the Biotechnology 
Center and companies that sponsor the fellowship program . The se 
fellowships are used to attract the very best people in the country to 
these universities for graduate and postgraduate training . The 
Consort ium also sponsors seminars which bring this group together 
monthly . 

The Biotechnology Center ' s  competitive grants program is aimed at 
young sc ient ists , or sc ientists moving into new fields , and at 
collaborative research- - that is , collaborat ive re search among 
univers ity inve stigators and among univers ity and industrial 
researchers . S ince 1982 , the Consort ium has ident ified $16 of new 
research investment for part icular research proj ects for each dollar of 
early inve stment . The resources of the ent ire state univers ity sys tem 
are drawn upon to conduct a peer review of research proposals for the ir 
sc ient ific qual ity . This review process is important because it draws 
the Center much closer to the individual researchers in the fields that 
make up biotechnology . 

Biomaterials Engineering Program 

This program includes nine sc ient ists at four different 
universit ies as well as one research institute funded by the Office of 
Naval Research . These individuals came together at a workshop 
sponsored by the Biotechnology Center and realized that they had 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology in Agriculture: Summary Report, Jakarta, Indonesia, March 13-14, 1986
http://www.nap.edu/catalog.php?record_id=18585

http://www.nap.edu/catalog.php?record_id=18585


- 15 -

several shared interests. By putt ing these interests together , these 
sc ient ists were able to attract a $650 , 000 three - year grant . They meet 
monthly to share the results of their research , and they have nov 
written two new grant proposals to take their research to an even 
higher level. 

Other Programs 

B ioproceaa engineering is crit ical to biotechnology . Because u.s. 
research inst itut ions are lacking in bioprocess and biochemical 
engineering , many have increased their efforts to develop a greater 
capability for bioprocesa ing research . North Carolina univers it ies  are 
committed to bringing the ir capability up to a level cons idered a 
center of excellence . S ince most products of biotechnology are the 
result of some type of engineered process , this expert ise is crit ical 
to commerc ial success. 

In the area of educat ion-baaed activities , several state 
univers ities are nov faced with a challenge ; many do not have faculty 
qualified to teach their undergraduates or to conduct laboratories in 
molecular b iology. Thus , the Biotechnology Center is working with 
these institutions to develop their educat ional capabilities in 
biotechnology. 

Another Center educational program conducts training in the 
two-year community college system . One inst itut ion has a program for 
training technic ians in biotechnology , chemistry , and biology . This 
college involved industry extens ively in developing this curriculum , 
which vas accepted by the community college system . In the fall of 
1985 , the f irst students started courses . This curriculum could be 
offered at any community college , part icularly if a bus iness  needed 
trained personnel .  

The Center is also address ing the need for better education in 
molecular biology in state primary and secondary schools , and it is 
support ing achievement of this goal through the sc ience and math 
education initiat ives being undertaken in North Carol ina . 

INVOLVEMENT OF INDUSTRY 

One theme running throughout this discuss ion of the Center ' s  
act ivit ies is the involvement of industry . This involvement is very 
important in target ing the Center ' s  programs , so that the act ivit ies 
undertaken are part icularly relevant to the needs of industry and do 
not dupl icate their efforts . 
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Working Group Reports  
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EMBRYO T&ANSFER AND ANIMAL PRODUCTION 

Use of Biotechnology and Genetic Engineering 
to Improve Animal Health and Agriculture 

Charles C .  Muscoplat 
Pres ident , Molecular Genet ics , Inc . 

and 
Anthony J .  Faras 

Profes sor , Department of Microbiology , 
Univers ity of Minnesota Medical School 

Life is the evolut ion of molecular machines . . . .  The beauty of 
something is not the atoms that go into it , but the way they 
are arranged . 

Carl Sagan 

INTRODUCTION 

S ince prehistoric t imes , man has marve led at the influence of 
heredity . In his own offspr ing as wel l  as those of domestic animals 
and fruit s of the fie ld , family resemblances have appeared and 
disappeared with mysterious predictabil ity . As c ivilizat ion 
progressed , the rudiment s of genet ic manipulat ion were learned and 
passed on from teacher to student . Tablets from anc ient Babylonia show 
a sophist icated awarene ss  of horse pedigrees , and carvings from a later 
date indicate the cross -pol linat ion of date palms . Genetic engineering 
had begun . 

Europe in the nineteenth century proved fert ile ground for advances 
in understanding the genet ic proces s . Jean- Bapt iste Lamarck , a French 
sc ientist , suggested that an organism ' s  characteristics were inherited 
from its parent cells . Half a century later , the Austrian monk Gregor 
Mende l discovered that heredity obeys precise  laws of statistics . 
Mende l theorized that plant characteristics re sult from pa ired carriers 
of heredity . Today , the se elements are known as genes . The 
contribut ions of Lamarck and Mendel were explored and expanded upon 
during the next hundred years . 

DNA ( deoxyribonuc le ic acid) was ult imately isolated as the carr ier 
for heredity , and in 1953  sc ient ists discovered its molecular 
structure . These revelat ions opened the door to an unprecedented 
explos ion of sc ient ific knowledge , the most recent of which include s 
the biotechnological developments of recombinant DNA technology or gene 
spl ic ing (altering heredity by transplant ing genes from one organism 
into another) . Out of these sc ient ific advances  emerged today ' s  
burgeoning industry of genetic engineering - - the directed manipulat ion 
of genet ic materials to develop commerc ial products and processes . 

- 19 -
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Further advances in immunology have been respons ible for the 
development of hybridoma technology in which highly specific antibody 
molecules , termed "monoclonal ant ibodies , "  have been respons ible for an 
additional component of the new biotechnology . 

The impact of these technologies has been far-reaching with the 
most rapid developments occurring in human pharmacology and 
agriculture . In fact , developments in the agricultural field are 
occurring so rapidly that genet ically engineered products should be on 
the market before the end of the year . Animal product ion will gain the 
most benef its from these developments through a variety of approaches ,  
including : ( 1 )  the use of genet ically engineered efficac ious vaccines 
and ant itoxins to prevent infectious disease and thereby reduce animal 
los ses , ( 2 )  the use of growth promotants to increase product ion of beef 
prote in and milk , and ( 3 )  the use of nutrit ionally improved animal 
feed . The following sect ions de scribe the bas ic features of these new 
biotechnological developments and discus s the ways in which they have 
already contributed , or will contribute , to the improvement of animal 
health and product ion . 

RECOMBINANT DNA AND HYBRIDOMA TECHNOLOGIES 

Recombinant DNA �echnology 

Recombinant DNA technology , cons idered a modern- day form of genetic 
engineering , is not a s ingle discipline in itself . Rather , it 
represents a fus ing of ideas and techniques from biochemistry , 
molecular biology , genet ics , and organic chemistry . It involve s the 
restructure and edit ing of genetic information and the construct ion of 
microorganisms with new genet ic informat ion. Extreme ly powerful , this 
technology allows one to isolate genes from any source (viruses , 
bacter ia , fungi , plants , animals ) , amplify isolated genes to unlimited 
quantit ies with economic benefits through fermentat ion , and finally ,  
manipulate genes by mutat ing or rearranging the ir components for the 
development of hybrid or novel gene products . 

If a s ingle breakthrough in gene splic ing were to be ident ified , it 
would be the ident if icat ion and isolat ion of special ized enzymes , known 
as re strict ion endonuclease& . These enzymes act as biological scis sors 
able to cut chromosomes and DNA into unique pieces , and they enable the 
isolat ion of spec ific genes or gene fragments .  S ince restrict ion 
endonucleaaea make staggered breaks in DNA at s ites exhibit ing twofold 
rotat ional symmetry , the result ia a piece of DNA with complementary 
cohes ive ends which can then be , by virtue of these "st icky" ends , 
inserted into or recombined with another piece of DNA that has been cut 
by the same enzyme . S ince there are well over a hundred different 
re striction endonuc lease& and s ince each enzyme recognizes spec ific , 
but for the most part different , s ites on DNA molecules , these enzymes 
can be used to cut DNA into a variety of pieces containing one or more 
of the gene ( s )  of interest . 
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The bas ic recombinant DNA experiment is depicted in Figure 1 .  The 
essent ial .ingredients of this technology include : ( 1 )  a DNA vector 
which generally represents the chromosome of e ither a plasmid which is 
autonomously repl icat ing DNA molecules found in bacteria and yeast , or 
a virus which can infect bacteria or higher organisms (vectors must be 
able to repl icate in l iving cells after fore ign DNA is inserted into 
them) ; ( 2 )  a DNA fragment to be inserted into the vector ; (3) a method 
of j o ining the inserted DNA to the vector ; (4)  a method of introduc ing 
the j oined molecules ( recombinants )  into a host that can repl icate 
them : and ( 5) a method of detecting those cells that carry the de s ired 
recombinant DNA molecule . 

Once the vector carrying the inserted fore ign DNA molecule is 
placed into an organism such as bacteria or yeast , it will repl icate to 

FIGURE 1 

A RECOMBINANT DNA EXPERIMENT 
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Bas ic recombinant DNA experiment . 
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make many copies o f  itself and the fore ign gene insert , thereby 
providing an unlimited supply of the gene of interest . For the foreign 
gene insert to be expressed into protein in the bacterial cell , certain 
features important to the bacteria ' s  biosynthet ic machinery must be 
ava ilable to the gene (Figure 2 ) . For example, appropriate recognition 
s ignals for both bacteria -mediated transcription (RNA product ion) and 
trans lat ion (prote in product ion) must be present . 

In addit ion to recombinant DNA techniques , two developments ,  both 
in organic chemistry , have greatly fac ilitated progres s  in genetic 
engineering . The first involves chemical methods to synthes ize genes 
or gene fragments de � in an effort to modify or alter genes . These 
methods enable the gene to be created chemically from knowledge of the 
sequence of the amino ac ids in the protein encoded for by the gene of 
interest . The second development involves chemical methods to 
synthes ize pept ides and small prote ina � novo , allowing the generat ion 
of pept ides containing act ive s ites or ant igenic determinants from 
knowledge of the nucleotide sequence of the gene . In an effort to make 
synthet ic pept ide vacc ines , these developments have been employed 
recently to determine the spec ific regions of a viral prote in molecule 
important in generat ing ant ibodies that neutral ize an infectious virus . 

FIGURE 2 
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Hybridoma Technology 

The other major biotechnological development that will affect 
animal health and product ion is hybridoma technology . This technique 
results in the generat ion of monoclonal antibodies by cell fus ion 
procedures. It will be useful in diagnos ing spec ific diseases as we ll 
as therapeut ically preventing and curing diseases affect ing the 
morbidity and mortal ity of farm animals . Moreover , given the ir 
tremendous specific ity these monoclonal ant ibodies will be useful in 
the purificat ion of various genet ically engineered products following 
fermentat ion in bacteria or yeast. This procedure involves fus ing 
spleen cella from mice immunized with an antigen to which a monoclonal 
ant ibody ia des ired to mouse mye loma cells in culture . The fused cells 
are then screened for product ion of the spec ific monoclonal ant ibody 
with the labeled (radioact ive or dye ) ant igen . The myeloma cells serve 
to immortal ize the spleen cella ao that they may be maintained 
indefinite ly in cell culture . Special procedures are employed such as 
the use of myeloma cells requiring certain growth factors provided by 
the spleen cella fused over unfused myeloma cella. The monoc lonal 
ant ibodies can then be obtained by harvesting the liquid medium from 
the cell cultures or by inoculat ing the fused cella into the peritoneum 
of mice and collecting the fluid present after asc ites tumors have 
developed .  

Vaccines and Antitoxins 

One of the major and earliest ways in which recombinant DNA and 
hybridoma technologies will improve animal product ion ia by providing 
the animal health care industry with efficac ious vacc ines and 
ant itoxins that will reduce morbidity and mortal ity from infect ious 
disease . Of the 45 million cattle born last year in the United States , 
approximately 10 percent died of infect ious disease . Of the 94 mill ion 
swine , up to 15 percent died of infect ious disease . These los ses 
occurred despite the use of convent ional vacc ines and large doses of 
ant ibiot ics . Because antibiotics are an ineffective means of reduc ing 
the severity of diseases caused by viruses , many virus - induced diseases 
go unchecked. 

Recombinant DNA procedures will enable the development of vacc ines 
for infect ious agents that grow poorly or not at all in cell culture , 
thereby obviat ing the availability problem of these agents . Moreover , 
a genet ically engineered subunit vaccine will exhibit potency and 
efficacy , aa wel l  aa safety , ease of manufacture , and economy of 
product ion. Immunologically , one must be able to administer the 
genetically engineered vacc ine in a s ingle dose and induce immunity of 
long duration . It must protect against all aerotypea in a given 
geographic region and must not induce adverse react ions . In addit ion 
to these biological features , a genetically engineered vacc ine will 
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exhibit several attractive manufacturing cons iderat ions including 
economy , long shelf life , lack of infect ious virus , and stability at 
ambient temperatures . 

The bas ic protocol for developing genetically engineered vacc ine 
includes :  ( 1) ident ificat ion of the maj or surface antigen of the 
pathogenic organism of interest which will induce antibody capable of 
neutraliz ing or inactivating the infectious organisms : 
(2) identification of the surface antigen gene or ita specific 
ant igenic determinants :  and ( 3 )  isolation and transfer of this gene 
into a plasmid vector capable of express ing large amounts of ita 
product in fermentable organisms such as bacteria or yeast (Figure 3) . 
Such methodologies have been employed to generate large amounts of 
vacc ine proteins against bovine papillomavirua , porc ine parvovirua , 
canine parvovirua , foot -and-mouth disease virus , and K- 99  I· £211 . 
Although results on the potency and efficacy of these vaccines are 
presently awaiting completion of preclinical , clinical , and field 
trials , preliminary testa on several of these genetically engineered 
subunit vaccines indicate that they are excellent tmmunogena that 
exhibit all of the favorable features predicted . 

Monoclonal antibodies have also been generated for protect ion of 
newborn calves and swine against enteric collibac illoa ia , which is 
respons ible for neonatal diarrhea or scours . Although both 
conventional and genetically engineered vaccines are available , the 
monoclonal ant ibody approach appears to be far superior to vaccinat ion 
for two reasons . Firat , vaccination of the dam requires ant icipating 
the problem , which may not be feas ible , and , second , it requires 
maintaining breeding recorda s ince the vacc inat ion must be given twice , 
at s ix and two weeks prior to birth . Because scours usually occurs 
within the first 24 hours of life with susceptibility to the disease 
being markedly reduced after 24 hours of life , and the action of the 
pathogenic bacteria is restricted to the intestine , oral administration 
of a protective monoclonal antibody to provide pass ive immunity within 
24 hours of birth serves to protect newborns on farms where the disease 
is prevalent from developing the disease . In both preclinical and 
clinical testing to date , a monoclonal antibody against the K- 99  strain 
of I· £211 protected animals from lethal doses of challenge with the 
pathogenic strain of bacteria (Tables 1 and 2). The K- 99  spec ific 
monoclonal antibody appears to be group spec ific and capable of 
reacting with the adhes ive entity on the pilus of over a hundred 
strains of I· £211 . Additional attributes of this monoclonal antibody 
include reproduc ible specificity and reduced costa . The effectiveness 
demonstrated to date by this reagent and ita ease of administration 
indicate that it should be an extremely useful product for curtailing 
scours in calves . Similar monoclonal antibodies for two addit ional 
strains of pathogenic I· £211 respons ible for scours in newborn piglets 
(K- 88 , K- 987)  have also been developed and are presently in preclinical 
testing . 
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FIGURE 3 Developing a papillomavirus vaccine by recombinant DNA 
techniques .  
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TABLE 1 Protect ion of Newborn Pigs by the Oral Administrat ion of a 
K- 99  Spec ific Monoc lonal Antibody 

Trial Group 

Monoclonal ant ibody 
Placebo 

Pigs 

Alive 

1 1  
2 

Dead 

3 
8 

TABLE 2 Protect ion of Newborn Calves by the Oral Administrat ion of a 
K- 99  Spec ific Monoc lonal Ant ibody 

Trial Group* 

Monoclonal ant ibody 
Placebo 

* Completed tr ials to date . 

Calves 

Alive 

9 
2 

GROWTH PROMOTANTS 

Dead 

1 
12 

The deve lopment of natural growth hormones for livestock and 
poultry represents a maj or means of improving animal product ion , and 
genetic engineering techniques have made this development a real ity for 
both logistical and economic reasons. Several groups have nov c loned 
bovine growth hormone (bGH) to express ion in bacteria and yeast . 

The recombinant DNA procedures employed were s imilar to those 
ut i l ized for c loning virus genes pertinent to subunit vacc ine 
production .  A mRNA spec ies from pituitary gland enriched for bovine 
growth hormone nucleot ide sequences is first reverse transcribed into 
DNA. This DNA copy is then inserted into plasmids for express ion in 
bacteria and yeast . Because this cow bovine growth hormone gene lacks 
the required regulatory features neces sary for these microorganisms to 
express  this gene , some addit ional restructuring of the gene is 
required .  One of these maneuvers results in the addit ion of an amino 
acid (methionine ) at the beginning of the bovine growth hormone gene so 
that it differs s l ightly from naturally occurr ing bovine growth 
hormones . Despite the presence of this addit ional amino acid at the 
beginning of genetically engineered bGH , prel iminary c l inical studies 
have indicated that it is as effective as naturally occurr ing bGH in 
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the stimulation o f  milk production. For example . milk yields were 
increased by 10 . 3  percent for natural bGH over a s ix- day period of 
treatment and by 12 . 9  percent for recombinant bGH. Milk fat . lactose . 
and prote in  percentages .  as well as feed intake . were not affected by 
the treatment . Feed efficiency (kg milk/kg feed) vas improved by 9 . 5  
percent and 15 . 2  percent for natural and recombinant bGH . respect ively . 
and no adverse effects were observed baaed upon body temperature and 
somatic cell counts . Thus . recombinantly derived bGH enhanced milk 
production and improved feed efficiency in a manner s imilar to the 
biological responses observed with natural bGH. 

Generally .  engineered approaches to improving animal product ion 
appear to be directly applicable to hormones and other growth 
promotanta where availability of the natural substance is limited and 
the costa of obtaining the natural hormone exceed reasonable marketing 
cons iderations . Further studies are required to determine the safety 
of recombinant bGH for both treated animals as well as the consumer of 
ita milk . An additional growth promotant presently under development 
is porcine growth hormone . 

FEED IHPB.OVEHENT 

Corn . which is used as a maj or source of feed for animals . is an 
excellent source of energy but a poor source of protein . Poor prote in 
quality is directly related to the defic iency of an essential amino 
acid such as lys ine. In cons idering issues of protein qual ity . it is 
important to diatinquiah corn fed to hogs and poultry and that fed to 
dairy and beef animals. Because hogs and poultry have spec ific amino 
ac id requirements not common to cattle and other ruminants .  hog and 
poultry farmers must purchase additional protein to supplement a 
com-baaed rat ion. An improvement in protein quality (that is . the 
relative amounts of essential amino ac ids) can have a pronounced effect 
on such factors as rate of gain and feed efficiency in hogs and 
poultry . which can in turn reduce the amount of supplement required to 
balance the ration . 

Corn hybrids with high-quality protein are a unique example of a 
product that vas developed us ing tradit ional plant breeding efforts and 
was successful in terms of protein qual ity and improved nutrit ional 
value but that failed because of unacceptable agronomic traits . In the 
early 1960s . a corn seed mutant (opaque -2) that exhibited an elevated 
lys ine content vas discovered. Since the altered amino acid 
compos ition resulted from a s ingle gene with an eas ily identifiable 
outward appearance (opaque -2 ke�ela do not transmit l ight whereas 
normal kernels do) . plant breeders and genet ic ists immediately began to 
introduce this gene into the agronomically important inbred linea . In 
general . convers ion of these l inea and the result ing hybrids led to 
improved lys ine content and nutrit ional value as demonstrated by 
feeding studies. The downfall of opaque -2 in the United States came 
about as a consequence of depressed grain yields . poor seed quality . 
and greater susceptibility to insecta and diseases. Thus . conventional 
plant breeding procedures have re sulted in corn hybrids with improved 
lys ine levels but depres sed yields and low levels of grain qual ity and 
peat res istance. 
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Recombinant �NA technology is an important method for selection of 
spec ific de s irable tra its and exclus ion of unde s irable traits . In the 
case of corn , SO percent of the bulk protein of the corn kernel ia a 
storage protein known as zein .  The amino ac id compos ition of the zein 
storage prote in is low in lys ine and tryptophan , two essential amino 
ac ids for mart and monogastric animals . Consequent ly , these proteins 
influence the nutrit ional quality of the corn kernel . Recombinant DNA 
procedures have been ut ilized to isolate the zein gene and determine 
its precise biochemical structure , and this baa resulted in deduction 
of the pr imary structure of the zein storage protein . With the 
ava ilabil ity of this information , it is nov pos s ible , employing genetic 
engineering approache s ,  to alter the zein gene structure in an effort 
to increase its lys ine content and ther�fore its nutritional qual ity . 
Once this has been accomplished , the high-lys ine z e in gene can be 
trans ferred back into corn cells and then corn plants containing a 
high- lys ine storage prote in regenerated . 

Although the former task is still in the experimental stages , the 
latter task is not s ince tissue culture procedures capable of plant 
regenerat ion initiated from juvenile tissues of corn have already been 
deve loped . Stated s imply , t is sue culture is the process  whereby large 
populat ions of cells are stimulated by nutrit ional and hormonal 
condit ions to grow cont inuous ly in a defined laboratory environment . 
Shoot meris tems deve lop in large numbers in these  cultures .  Under the 
proper conditions , these meristems develop rapidly into complete plant s 
that produce seed at maturity . In fact , tissue culture . corn 
regeneration technology has been useful in isolat ing mutants of corn 
that overproduce amino acid by virtue of the fact that the se tis sues 
randomly undergo spontaneous mutat ions in cell culture . 

Recently , overproducer mutants from the aspartate biosynthet ic 
pathway (respons ible for the synthes is of lys ine , threonine , 
methionine , and isoleuc ine ) in which threonine is increased 
approximate ly a hundredfold have been isolated . This represents a 
30- 60 percent increase in the total threonine content of the kernel , an 
amount that would greatly improve the nutrit ional value of the grain if 
lys ine and tryptophan were s imilarly increased . Analys is of the 
threonine overproducers indicates that they are inherited aa dominant 
mutat ions and have the distinct advantage of creating very spec ific 
changes in the kerne l ( that is , selective ly increas ing the 
concentrat ion of spec ific animo ac ids ) without caus ing unwanted 
ple iotropic effects in other kerne l or plant character istics . 

From this one example of crop deve lopment it is clear that genetic 
engineering approache s will represent a viable means of improving the 
nutrit iona l qual ity of corn for feed . Many of the efforts to 
genetically engineer new strains of corn are directed at developing the 
appropriate vectors that will allow expre ss ion of genes such as zein at 
levels that will have a pos itive effect on the overall nutrit ional 
value of the seed . In a s imilar fashion , new strains of corn will be 
deve loped that offer res istance to disease , tolerance of herbic ides , 
increased yields , and shorter maturat ion times . 
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CONCLUSIONS 

Genetic engineering in agriculture will continue to be directed 
toward manipulat ion of microorganisms to produce animal vacc ines . 
hormones . amino ac ids , and other chemicals or drugs with the ultimate 
aim of improving the quality .  health . and product ion of farm animal s. 
Genetically engineered products such as vaccines . antitoxins . growth 
promotants .  and interferons will be introduced into the veterinary 
marketplace in the near future . Many of these products are nov be ing 
tested in animals. 

· 

New and improved animai vaccines will be produced rapidly because 
they are needed badly and because the regulatory requirements for 
an imal vac c ines are not as lengthy as those for human pharmaceut ical 
products . A number of vaceines produced by convent ional technology are 
e ither expens ive or unsafe . while others cannot even be made us ing this 
technology. Yaccine s for calf scours ,' foot - and -mouth disease . feline 
leukemia . rabies . Rift Valley fever . and numerous other diseases  are 
alre�dy under deve lopment . 

Growth hormones for l ivestock and poultry will be maj or genet ically 
engineered products. Many believe that genetically engineered growth 
hormones hold greater potent ial for agriculture than even vaccines. 
Certa inly . new growth hormones that mimic natural growth hormones will 
replace the steroids and other growth promotants currently being used . 

The feed industry will gain enormous ly from the deve loping genet ie 
technology. Recombinant DNA vill _ allov microorganisms to produce less 
expens ive and more nutritious feed ingredients . Genet ic engineering 
will eventually help increase crop yields .  make pos s ible more 
nutrit ious corn and other crops . and produce less  expens ive vitamins . 
amino ac ids . and s ingle - cell protein . 

Finally .  there is the realm of ant ibiot ics wh�re . through 
recombinant technology . organisms that nov produce in such low 
concentrat ions that it is not pract ical to recover the antibiot ic can 
be altered to produce much larger quantities for the marketplace . 
S imilarly . some ant.ibiot ics are produced ·naturally in environments so 
hos tile that the ant ibiot ic is rapidly des troyed . It is quite pos s ible 
to ut il ize recombinant DNA technology to produce these ant ibiotics  from 
transformed organisms in environments that would not hav� the 
destructive quality of the natural one . The amplificat ion of 
productive capability through recombinant technology could also be 
ut il ized to increase cons iderably the concentrat ion of exist ing 
ant ibiot ics in culture media . thus decreas ing the ir cost and expanding 
the ir availability . 

In conclus ion . it is evident that the industrializat ion of 
recombinant DNA technology can lead to useful products and proces ses . 
Because this is a bas ic methodology . the unforeseen applicat ions may 
very well be more important than any of those that have been proposed 
so far. The underlying sc ienee of molecular biology and molecular 
gene t ics  is dynamic , and it is reasonable to as sume that new 
opportunit ies  will be created as the depth of our sc ient ific 
unders tanding increases. This new technology is surely no panaeea. 
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On the other hand , it carries the realizable potent ial of contributing 
s ignificantly to the solution of the mos t  d ifficult problems fac ing 
animal health and production today . 
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Embryo Transfer and Animal Product ion in Indones ia 

Mozes Tulihere 
Bogor Agricultural Univers ity 

and 
Sunartono Adisoemarto 

National Biological Inst itute 

INTRODUCTION 

The applicat ion of embryo transfer and anima l  product ion 
technologies to increas ing and improving animal products  is already 
known in many countries . In Indone s ia ,  however , this technology has 
not yet been developed in an integrated fashion and thus has not 
produced results that contribute meaningfully to the nat ional 
development program . Although the need to develop biotechnology in 
Indones ia is not doubted , a number of constraints must be overcome 
before it can be developed successfully . Thus , to plan future needs 
and action the present state of the se activities must be evaluated in 
terms of existing R&D programs , manpower ,  and problems . 

PRESENT STATE OF ACTIVITIES IN INDONESIA 

Ongoing R&D Programs 

The very l imited R&D act ivit ies in embryo transfer and animal 
product ion technologies carried out to date in Indone s ia have been 
scattered in various inst itut ions a�d univers ities . Most of the 
activities worth ment ioning have been conducted at Bogor Agricultural 
Univers ity ( IPB) in embryo transfer . They have included work in the 
bas ic steps or procedures such as embryo preservation and embryo 
splitt ing . Embryo transfer is undertaken us ing the surgical method . 
For embryo transfers in diary cattle , the embryos were imported from 
the United States and the work vas done mainly by foreign counterparts . 

Training of domestic experts with the help of British experts has 
involved the use of Bali  cattle . In this ease , embryo transfer vas 
carried out ut il iz ing the nonsurgical method . On the whole , the 
pregnancy rate reached 45 percent , while the mortality rate of pregnant 
females vas reported to be less than 2 percent . Us ing s imilar 
techniques , embryo transfer is being tried on buffaloes ,  but thus far 
no reports have been obtained on this experiment . 

IPB is also conduct ing research in endocrinology , as well as assays 
of progesterone in relat ion to milk product ion .  And in a very limited 
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way . research on monoc lonal antibodies is also under way . As is the 
case for s imilar activit ies . however . the constraints commonly 
encountered in deve loping research and development in this field are a 
lack of equipment , mater ial . and expertise . 

Experiments on embryo pre servat ion have been started by Airlangga 
Univers ity in Surabaya . but they are still in the initial stages and no 
results have been obtained . 

Other univers it ies do not have effect ive programs in embryo 
transfer and animal product ion biotechnologies . Without proper 
fac i l it ie s  and wel l - trained manpower .  meaningful and focused research 
cannot be developed . 

Constraints 

Sc ientists  engaged in the research activities de scribed above are 
l imited in number . qual ifications . and availability . Many of the 
senior sc ient ists with backgrounds in this kind of research are not 
be ing ful ly ut ilized for these re search purposes ; they spend most of 
the ir t ime on other act ivit ies . Thus . young sc ientists  receive 
insuffic ient guidance . Without a ful l - t ime research effort . 
high - qual ity results cannot be achieved . 

In the same way . a lack of defined research programs . resul t ing 
from the lack of qual ified manpower .  means that the development of 
fac i l ities cannot be proj ected . The diff iculties encountered in 
obta ining equipment and expens ive materials in Indones ia are matched by 
the poor condition of exis t ing fac i l ities for re search on embryo 
transfer and animal product ion biotechnologies . These c ircumstances 
are not conduc ive to research and development . 

Finally . the lack of financ ial support is a maj or obstacle in 
procuring reference materials in this area . Reading material is 
becoming more expens ive . espec ia l ly s ince the users in this field are 
l imited in number . No means of exchanging informat ion within Indones ia 
exists . s ince no publ icat ion on the present research act ivit ies 
exists . All of these  handicaps lead to l imited communicat ions among 
sc ientists engaged in this research . either within the country or 
abroad . Thus . Indones ian sc ientists working on embryo transfer and 
animal production biotechnologies are becoming increas ingly isolated . 

FUTURE PLANS 

Future plans for the development of R&D on embryo transfer and 
animal product ion b iotechnologies should focus on appl icat ion of the 
latter . Moreover . attent ion must be given to developing manpower . 
building laboratories . supplying laboratory and support ing materials 
and sc ient ific information .  as well as e stabl ishing linkages within the 
country and overseas . 
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Manpower Deve lopment 

Trained manpower is needed to work in the sc ient ific disciplines 
required to develop and apply embryo transfer and animal product ion 
biotechnologies .  These discipline s inc lude reproduct ive phys iology . 
endocrinology . breeding . genet ics . animal nutrit ion . veterinary care . 
and embryology . The fol lowing approaches could be taken : 

o Recruitment of young scient ists from univers ities . A program 
has been started to send young graduates overseas to work in 
the kind of research of concern here . but this program needs 
better planning and coordination . 

o Advanced tra ining for senior sc ient ists . The lack of 
communicat ion among senior scient ists and l imited ongoing R&D 
act ivit ies in embryo trans fer and animal product ion 
biotechnologies make it difficult to keep up with the progres s  
be ing made i n  this field . 

R&D Programs 

A c lear . wel l - defined R&D program in embryo trans fer and animal 
product ion b iotechnologies must be deve loped to support manpower 
planning and a llocat ion . R&D activities in Indones ia would greatly 
benefit from j o int programs with counterparts in deve loped countries 
such as  the United States . 

Based on the needs of Indones ia a s  wel l  as the potent ial of 
achieving its goals . the fol lowing R&D programs in embryo transfer and 
animal product ion b iotechnologies have been ident ified : 

o Increas ing through embryo transfer the number of animals . and 
thereby the amount of available animal prote in 

o Improving breeding s tocks 

o Produc ing support ing material s  for animal product ion - - for 
example . hormones .  vaccines . and monoc lonal ant ibodies . 

Cooperative R&D activities between Indones ian and U . S .  expert s 
could be init iated by submitting . for example . requests by both part ies 
to the ir respect ive appropriate government agenc ies . In this 
connection .  the U . S .  Nat ional Re search Counc il could he lp solicit U . S .  
experts intere s ted in cooperat ing with Indones ian sc ient ists . On the 
other s ide . the Indone s ian Ministry of State for Research and 
Technology could coordinate the implementat ion of a j o int program in 
Indones ia .  
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Laboratories and Equipment 

A plan for setting up laboratories and supplying needed equipment 
should be integrated with the R&D programs and efforts to apply them . 

Communicat ions 

Media for sc ient ific exchange are expected to be publ ished by the 
Ministry of State for Research and Technology . Moreover . meet ings 
between sc ient ists working in embryo transfer and animal product ion 
biotechnologies should be encouraged while the centers of act ivit ies 
are be ing e s tablished . 
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PLANT CELL AND TISSUE CULTURE 

One Perspect ive on Plant Cell and Tis sue Culture 

Richard J .  Patterson 
Pres ident , North Carol ina Biotechnology Center 

Advance s  in plant cell  and t is sue culture are e s s ent ial to 
rea l iz ing the potent ial of biotechnology in agriculture and fore s try . 
Pioneer researchers us ing recombinant DNA technology look forward to 
be ing able to introduce complex mult iple - gene characteris t ics  into 
important crop and forestry species . Many research breakthroughs in 
recombinant DNA technology and plant cell and t is sue culture mus t be 
accompl ished before thes e  dreams become real ity , however . In the 
interim , appl icat ions of plant cell and t is sue culture are benef it ing 
agriculture and forestry in numerous ways , and they reveal a better 
understanding of this technique . 

Early in this century , observat ions of plants d ifferent iat ing from 
cultured t is sue were firs t reported . S ince then , res earch on plant 
cell and t is sue culture has become increas ingly sophist icated . One 
obj ective of these inquiries is to ga in ins ight into deve lopmental 
processes  and to ident ify environmental factors and genet ic components 
that influence the se processes . 

The abil ity to reproduce des irable spec ies us ing plant cell  and 
t is sue culture techniques has resulted in the ir pract ical 
appl icat ions . Recent breakthroughs with recombinant DNA technology 
us ing bacteria has spawned tremendous intere st in d irectly 
incorporat ing spec if ic gene s into plants us ing r - DNA technique s .  The 
des ire to manipulate plant cells  l ike bacteria and produce genet ically 
altered plants has made cell  and t issue culture essent ial to applying 
r- DNA techniques to plants . The potent ial usefulne s s  of plant s 
manipulated in this way has s t imulated maj or companies to establ ish 
subs tant ial bas ic research teams and has s t imulated sma l l  companies to 
cap ita l ize  on the ir aggress ive pioneering research capabil ities . 

There has also been a steady increase in the appl icat ions of plant 
cell and t i s sue culture technique s for industr ial uses . These 
appl icat ions are expected to result in economic benefits before those 
of recombinant DNA technology . This paper briefly reviews the 
techniques that make up plant cell and t is sue culture technology and 
de scribes the advantages of and expectat ions about these  techniques . 

- 3 5  -
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CLONAL PROPAGATION 

Clonal propagat ion is a range of techniques that allow the 
manipulat ion of cells  in culture so that plants develop and are 
propagated from the cells . Clonal propagat ion us ing meristems for 
micropropagat ion has been ut ilized extens ive ly in hort icultural , 
vegetable ,  and ornamental crops . Examples of commerc ial ly propagated 
plant s - - of which there is an ever- increas ing l ist - - are orchids , 
potatoe s .  and oil palm . 

Clonal propagat ion techniques produce plants that are genet ically 
and phenotyp ically uniform , a maj or advantage of the se techniques .  
This form of asexual reproduct ion is e spec ially useful when the 
genet ically super ior plants are heterozygous , because large numbers of 
genet ical ly uniform plants can be produced . Another maj or advantage of 
c lonal propagat ion techniques is that they produce disease - free 
plants . The useful tools of m�dern biotechnology include tests for 
disease , espec ially viruses  and viro ids , us ing monoclonal ant ibodie s or 
DNA probes for spec if ic disease agents . Depending on the part icular 
agent , thes e  ant ibodies and probes may be ava ilable commerc ially or 
from univers ities . Of course . convent ional methodologies for disease 
t e s t ing can be used if appropriate immunoassays or probe assays are not 
ava ilable . 

Clonal propagat ion of agronomic crops is important , but some 
problems mus t  be solved before pract ical appl icat ions can be made . 
These problems arise from the fact that ( 1 )  many crops are difficult to 
regenerate in culture : ( 2 )  the economic value of a s ingle plant is 
usually low : and ( 3 )  effec t ive . wel l - deve loped breeding sys tems are 
already us ed for many agronomic crops . It is pos s ible to use clonal 
propagat ion techniques to increase parental stra ins with superior 
genet ic characteristic s . The abil ity to increase parental s tra ins 
rap idly can dramat ically accelerate breeding programs . so that large 
amounts of seed can be produced more quickly . These appl icat ions are 
potent ial ly important for agronomic crops . 

PRODUCTION OF HAPLOIDS 

Product ion of haploid plant s by culturing pol len gra ins or other 
genet ically appropriate material to develop homozygous inbred l ines . 
espec ially as parental l ines . has been widely invest igated . Haploid 
plants are potent ial ly useful in plant breeding programs . Pos s ible 
special use s  include recovery of male s terile plants , rap id product ion 
of inbred plant s , and select ion of inbred mutants . It is unclear to 
what extent haploid culture will increase in importance .  

SOMOCLONAL VARIATION 

In addit ion to the ir usefulne s s  in produc ing plant uniformity . 
plant cell  and tissue culture techniques can enhance genet ic 
var iat ion . The mos t  widely de scribed is somoclonal variat ion . which is 
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the spontaneous variabil ity in plants produced in plant cell and tissue 
culture . This variat ion probably results in chromosomal and 
cytogenet ic changes that occur during culture . Presently , this 
variabil ity is large ly evident in altered plant morphology such as leaf 
shape or flower color . Many regenerated plants are normal , however . 
Variabil ity of plants may be s ignificantly enhanced by us ing mutagens 
in tissue culture . 

The extent to which somaclonal variat ion wil l  be useful in crop 
breed ing is unknown . The effort required to determine the gene t ic 
stabil ity of this variat ion is extens ive yet necessary for its use in 
crop breeding . Some plant breeders bel ieve there is suffic ient genet ic 
variation in natural plant populat ions for crop breeding . 
Nevertheles s , studies to understand var iat ion generated in 
provide new ins ights into plant gene t ics and cytogene t ics . 
expanding base , unant ic ipated technique s in plant breeding 
might come about . 

PROTOPLAST CULTURE 

culture may 
From this 

and r - DNA 

No discuss ion of plant cell and t is sue culture techniques is 
complete without ment ioning protoplast culture . Because this technique 
enables one to make s ingle cells from plants and then manipulate these 
cells  to different iate into embryos ,  this stage represents an 
opportunity to work with plant cells as if they were bacteria , and it 
is the probable target for subs tant ial research to incorporate r - DNA 
into the plant genome . There are l imits to the culture of protoplasts 
and the propagat ion of plants from them . Although the number of 
species that can be reduced to protoplasts and then regenerated into 
plants is cont inually increas ing , numerous crop spec ies are not 
rout ine ly reduced and regenerated . Often des irable genotypes from the 
spec ies that can be succes sfully manipulated cannot be regenerated . 
For practical appl icat ions , it is extreme ly important to regenerate 
spec ific targe t genotypes regardless of the plant cell and tissue 
culture technique used . 

INCORPORATION OF FOREIGN GENES 

Many challenge s l ie between our present knowledge of how to 
incorporate fore ign genes into plants and pract ical ut il ity . The 
ava ilabil ity of appropr iate vectors or methods for successfully 
trans ferr ing r - DNA constructs into plants is limited to a few systems 
and plant species . And only a l imited number of genes have been 
adequately characterized for incorporat ion into r - DNA constructs . 
Essent ially , these are s ingle gene s which can be readily screened in 
t i s sue culture . The se genes are not for tra its of maj or economic 
importance ,  however ,  although this is the obj ect ive of much industrial 
research . 

Much uncertainty exists about the expre s s ion of genes after fore ign 
DNA is incorporated into the plant genome . Assuming a gene is 
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expressed , the level  of expres s ion , the developmental t ime of 
expres s ion , and tis sue s ite of expres s ion cannot be adequately 
predicted . In spite of these maj or challenges ,  companies in the United 
States are now field test ing transformed plants and util iz ing R&D to 
make " synthet ic seeds , "  us ing the large number of embryos that can be 
generated from protoplasts and other appropriate cultured tissues . 

AN APPROACH FOR INDONES IA 

If a country wishes to apply plant cell and t issue culture 
technique s to industrial uses , the necessary research must be based on 
the system in which it will be used . For Indones ia ,  the required plans 
and obj ectives would be s imilar to those a company makes when 
determining its bus ines s  plan . S ince the primary target of most 
appl icat ions of plant cell and t is sue culture techniques is crop 
improvement , it is essent ial to decide which plants have the highest 
priority . This decis ion rel ies on both a financial evaluat ion and a 
research cons iderat ion . If a specific crop - - for example , oil palm- - is 
important for international trade , are the prospects favorable for 
cont inued market strength? If it appears strong over an extended 
period , would a research investment pay off by providing continued 
favorable economic yields ? The cons iderat ions for domestic plants can 
have s imilar and d ifferent components . For example , if a plant is 
needed for reforestat ion , its uses as firewood for cooking or as 
environmental protect ion become important factors that have little 
relevance in the internat ional marketplace . 

From the research perspect ive , the status of breeding programs and 
capabilit ie s  must be real ist ically assessed . Can plant cell and tissue 
culture of spec ific crops s ignificantly improve breeding programs 
within a us eful t ime frame ? If all else is equal , techniques that are 
available today or tomorrow are substant ially more useful than 
technique s that must be developed for several years before the results 
can be ut ilized in a pract ica l breeding program . The ease with which 
des irable parental mater ial and cult ivars can be manipulated us ing 
plant cell and t issue culture techniques must be determined . If these 
manipulations cannot be done presently , can a research program be 
des igned for succes sful propagat ion of these genotypes ?  Beyond plant 
cell and t is sue culture techniques ,  what spec ific traits would 
s ignif icantly improve a crop? Can these tra its be readily tested at an 
early deve lopmental stage or it is necessary to screen large 
populat ions of plants in the field? Field testing at an early stage 
requires cons iderably more t ime and effort than early tes t ing of cells 
in culture . For tra its of highest value , however , the greater effort 
may be necessary and unequivocally jus t ified . 

When cons idering spec if ic research obj ectives and crop needs within 
a broad perspect ive , it is important to assess real istically the 
competitive environment for research . What other laboratories 
worldwide are do ing s imilar or related research? Although the init ial 
response to learning that s imilar research is under way is often 
concern about competitiveness , from an adjusted perspective this 
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s ituat ion may actually confirm independently that one ' s  research 
obj ectives are realistic although not original . Furthermore , 
additional research s ites may present opportunities for collaborat ion . 
The biotechnology industry is permeated with almost every kind of joint 
venture imaginable in which the important needs of the part ic ipants are 
sat isfied . In the use of plant cell and tissue culture for spec ific 
crops , there are opportunities for contract research and training . 
Univers ities worldwide are possible resources , and companies offer 
exploitable opportunities as we ll because of the ir expert ise and the ir 
orientat ion toward practical goals . 

CONCLUSION 

Over the past five years , the bus ines s  sector has invested heavily 
in plant biotechnology , including plant cell and tissue culture , and 
has employed outstanding researchers to formulate and implement the ir 
plans . This s ituat ion has many impl icat ions . One important 
implicat ion is whether or not state - of - the - art research will continue 
to appear in the sc ient ific l iterature . Many companies are publishing 
the results of the ir efforts . For the intellectual challenge these 
results provide , it is hoped that these companies and governments 
cont inue this enl ightened publicat ions pol icy . 

The intellectual challenge of understanding the bas ic processes of 
biology has provided the foundat ion for industries known broadly as the 
biotechnology industry . Experts have predicted when key sc ient ific 
hurdles will be cros sed , and , characterist ically , these predict ions 
have overestimated the t ime required to make important breakthroughs . 
Who would have predicted in 1980 that companies would be field tes t ing 
transformed plants in 198 6 ?  This observat ion is made to draw attention 
to the words " l imits"  and "challenges "  which appear throughout the 
preceding pages . These l imits could change dramat ically , and it is 
important to detect the increased knowledge and to respond to new 
opportunit ies . 
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Present State of Plant Cell and Tis sue Culture in Indones ia 

Gus taaf A .  Watt imena 
and 

Livy Winata Gunawan 
Bogor Agricultural Univers ity 

INTRODUCTION 

The capabil ity of plant cells  to grow , propagate , and regenerate in 
vitro into whole plants presents a unique opportunity for agricultural 
development . The technique of plant cell and t is sue culture was used 
at one t ime to study the tot ipotency of plant cells . Fol lowing the 
discovery of auxin and cytokinin in the late 1950s , however , widespread 
success was achieved in this field . Hundreds of plant species have 
been regenerated rout ine ly in the laboratories of 6 9  countries . And 
today this technique has reached a state where it can be exploited for 
commerc ial benef its . For example , it is be ing employed successfully 
for such var ied purposes as rap id clonal propagat ion and virus 
e l iminat ion ; varietal deve lopment , gene t ic modif icat ion , and crop 
improvement ;  and product ion of secondary substances , independent of 
environmental factors . 

Clonal Propagat ion 

The most advanced appl icat ions of plant cell and t is sue culture 
have been in rapid clonal propagation . A multipl icat ion rate of a 
mill ion t ime s is not unusual with this technique . The first plant to 

be propagated through t issue culture was the orchid . In 1964 , Morel 
estimated that as many as 4 mill ion cymbidium could be produced in a 
year from a s ingle shoot . 

Succe s s  with orchids s t imulated use of the technique in other crop 
species . Today , diverse ornamental crops , agronomic crops , e state 
crops , fruit crops , fore st trees , and medic inal plants are also be ing 
produced clona lly us ing t is sue cul ture . Such plants are of uniform 
qua l ity , grow faster , and mature earl ier than the seed-propagated 
plants , and annuals have a longer l ife span . Clonal propagat ion is 
e spec ially useful where a newly developed cult ivar must be multipl ied 
for commerc ial product ion . Indones ia wil l  benef it from this technique 
in the product ion of uniform plant mater ials for export , industr ial 
plantat ions , environmental rehab il itat ion/reforestat ion , agrotour ism , 
and nucleus farm estates . 

- 40 -
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Crop Improvement 

Food product ion can be increased e ither by expanding the amount of 
land cult ivated or by increas ing yield per hectare . Either way , 
however ,  presents problems . For example , cul t ivated land , which is 
becoming scarce , suffers from occas ional increases in salinity and 
increases in the costs  of energy needed for cult ivat ion . Moreover , 
expans ion of cult ivated land can take place only in areas outs ide Java 
where the soils are suscept ible to stress . The se soils could , of 
course ,  be reclaimed by various cultural pract ices ,  but reclamat ion 
require s recurrent inputs .  Use of tolerant cult ivars may he lp minimize 
the use of soil amendments and fert il izers . 

Efforts are now under way in Indones ia to use the technique of cell 
and t is sue culture to deve lop plants that are less sus cept ible to 
stres s .  The soils out s ide Java are affected by excess or scarce 
supplies of water , high temperatures , and high sal inity . 

Secondary Metabolites 

In the early 1950s , it was discovered that plant cells , l ike 
microorganisms , could be grown in l iquid medium . Thus , plant t is sue 
culture has provided an alternat ive to the cult ivat ion of whole plant s 
as important sources of many useful compounds , inc lud ing drugs , 
flavor ings , enzymes , essent ial oils , and food colorings . Just as it 
was found that some microorganisms could produce ant ibiot ics , it was 
also found that some plant cells produce s imilar des irable compounds . 
It appears that the capac ity for synthes is of spec ific compounds by the 
cell culture is reta ined . 

Recogniz ing the pos s ibilities , sc ient ists have cont inued to develop 
this proce s s . The f irst industrial appl icat ion was achieved in the 
product ion of the pigment shikonin from Lithospermum erythiorhizon . In 
addit ion to produc ing natural compounds , plant cells can be used in a 
process called biotrans format ion . The most interes t ing and advanced 
biotrans format ion is the hydroxylat ion of digitoxin , a low-value 
by-product , into cardiac glucos ide digoxin . Us ing this proces s , it 
should be pos s ible to produce new compounds with pharmacological 
properties . Some cultures ,  however ,  produce metabol ites that are much 
lower than those found in the whole plant , or they may produce 
chemicals that are structural ly different from those in the whole 
plant . 

Indones ia is rich in plant species used for tradit iona l medic ines . 
The tradit ional method of us ing a whole plant to produce these 
medic ines (Jamu) has two l imitat ions : ( 1 )  natural plant materials will 
eventually be exhaus ted , and ( 2 )  the concentrat ion of active compounds 
may vary . The t issue culture technique should be able to overcome such 
l imitat ions , however . In addit ion to tradit ional medic ines , the t issue 
culture technique could be applied to produc ing other important 
chemicals for the pharmacolog ical and food industrie s in Indones ia .  
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PRESENT STATE OF PLANT CELL AND TISSUE CULTURE R&D 
ACTIVITIES IN INDONESIA 

Ongoing R&D Programs 

The ongoing R&D program in plant cell and tissue culture covers in 
vitro clonal propagation ,  crop improvement ,  and production of secondary 
metabolites . Most of the research activit ies are in the field of 
c lonal propagat ion and include a wide range of crops as well as 

TABLE 1 Ongoing Research Activit ies in Plant Ce ll and Tissue Culture 
in Indones ia 

Field of Study and Institut ion Crop 

Clonal propagation 
IPB 

ITB 

UGH 
BORIEC 
MAR IF 
LBN 
LEHRI 
BP3G 
MARIHAT 
SOCFINDO 

Crop improvement 
IPB 
ITB 
UGH 

Secondary metab9lites 
IPB 
ITB 
UGH 
UI 

Melon , strawberry , asparagus , 
rattan , dipterocarp , Santa1um , teak , 
Costus , cacao , banana , potato , 
carnation , citrus , petunia 
Melon , strawberry , eucalypts ,  
coffee 
Orchids , teak , Santalum 
Oil palm , cacao , coffee , coconut 
Asparagus , citrus 
Orchids , tropical fruita 
Potato 
Sugarcane 
Oil palm 
Oil palm 

Corn , tomato 
Rice 
Rice , corn 

Garl ic 
Solanum , Puboiaia , M9rinda , 
Catharantbua , Pimpinella , 
Sonchus 

Note : IPB , Bogor Agricultural Univers ity ; ITB , Bandung Inst itute of 
Technology ; UGH , Gadj ah Mada Univers ity ; LBN , National Biological 
Inst itute ; BORIEC , Bogor Research Institute of Estate Crops ; MARIF , 
Malang Research Inst itute of Food Crops ; LEHRI , Lembang Hort iculture 
Research Institute ; BP3G , Central Research Institute for Sugarcane ; UI , 
Univers ity of Indones ia .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

W o r k s h o p  o n  B i o t e c h n o l o g y  i n  A g r i c u l t u r e :  S u m m a r y  R e p o r t ,  J a k a r t a ,  I n d o n e s i a ,  M a r c h  1 3 - 1 4 ,  1 9 8 6
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 8 5

http://www.nap.edu/catalog.php?record_id=18585


- 43 -

inst itut ions . Research on crop improvement and production of secondary 
metabolites , on the other hand , covers only a few crops (Table 1) . 

Host of the research on clonal propagation has just reached the 
mult iplicat ion state : very little has reached the greenhouse or field 
planting state ( for example , oil palm, banana , potato) . 

The crop improvement and secondary metabol ites research activit ies 
are mostly in the initial stages - - that is , production of calluses and 
plantlet regeneration . The aims of the crop improvement program are to 
produce crops with a high nutritive value and a tolerance of salinity , 
drought , toxicity , high temperatures ,  and disease . Research programs 
in secondary metabolites are aimed at producing pharmaceuticals and 
dyes . 

Manpower 

At present , about 29  degree holders are working in plant cell and 
tissue culture at various inst itutes (Table 2 ) . 

Facilities 

Both the univers ities and research institutes have at least bas ic 
plant cell and t is sue culture research facilit ies . The government and 
private inst itutes have better facilities than the univers ities , 
including facilities for large - scale production of plantlets . 

TABLE 2 Distribution of Manpower ,  by Degree , at Univers ities and 
Government and Private Research Institutes 

Inst itut ion and Special ization 

Universities 

Plant phys iologist 
Plant breeder 
Biochemistry 
Agronomist/t issue culturist 

Government research inst itutes 

Plant phys iologist 
Agronomist/tissue culturist 

Private research institutes 

Agronomist/plant culturist 

TOTAL 

Ph . D .  

5 
2 

1 

8 

H . Sc .  

3 
1 
2 

4 

10 

B . Sc .  

3 

6 

2 

11 
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Constraints 

Researchers in the univers ities and research institutes are 
constrained in their work by a communications gap , lack of cooperation , 
and lack of information . 

Universities and some of the research institutes are also faced 
with scarcities of important substances ( for example , enzymes and plant 
growth regulators ) ,  sophisticated equipment , glassware , and other items 
needed for plant tissue culture work . On the other hand , some of the 
wel l - equipped private research inst itutes lack staff with higher 
degrees (H . Sc .  or Ph . D . ) ,  thus leaving them unable to mazimize the 
ut il izat ion of their sophist icated fac ilities . 

FUTURE PLANS 

R&D Programs 

R&D programs must be established , with the following topics getting 
high priority : 

o Rapid clonal propagat ion 

Estate crops : oil palm , coconut , rubber , coffee , cacao , 
clove 
Industrial crops : dipterocarp , rattan , sandalwood , teak , 
eucalypts 
Horticultural crops : banana/plantain , melon , potato , 
strawberry , asparagus , garlic , pineapple ,  tropical fruits . 

o Crop improvement 

Food crops : rice and corn cult ivars with a high nutrit ive 
value as well as a tolerance of salinity and heat 
Forage legumes : high nutritive value 
Hort icultural crops : potato cultivars tolerant of high 
temperatures and salt concentrat ions as well as res istant 
to bacterial wilt ; tomato cult ivars tolerant of high salt 
concentrat ions and res istant to disease 
Industrial crops : highly product ive , disease - res istant 
sugarcane cultivars . 

o Secondary metabolites 

The product ion of pharmaceut icals from the following plant 
species : Costus , Solanum , M9rinda , Rauwolfia , Catharanthus , 

Pimpinella 0ruat1an , Stevia , Soncbus arvensis ,  garl ic , 
K&mpferia galanga . 
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Manpower 

The various research inst itutes and univers ities present ly require 
the following minimum number of univers ity graduates : 30 doctorates , 
14 masters of sc ience , and 5 bache lors of sc ience . Holders of Ph . D . s 
mus t be evenly distributed among the following fields : plant 
phys iology , plant breeding , and plant biochemistry/molecular b iology . 

Study toward Ph . D .  and H . Sc .  degrees  can be pursued e ither 
in- country ( for example , at IPB , ITB , or UGH) or overseas (Japan , 
United States , Europe ) .  Study toward advanced degrees in plant 
biochemis try and molecular biology should be taken overs eas . 

Periodic assessment of manpower needs at research ins t itutes and 
univers ities is needed . 

Fac ilit ies  

Tis sue culture laboratorie s in research inst itutes and univers ities 
should have at least the following fac ilities : preparat ion room , 
washing room , chemical storage room , s terile room , cold s torage for 
media , and temperature - controlled culture room with il luminated 
she lve s . In addit ion , accl imat izat ion fac il it ies , inc luding a 
greenhouse with a mist ing and fogging installat ion to ma inta in high 
atmospheric humidity , should be provided .  

Large - s cale production units should be established as an extens ion 
of the exist ing re search laborator ies . 

Mechanisms should also be es tablished for obta ining chemical s ,  
equipment , glas sware , and other items needed for t is sue culture work . 
Means of collecting indigenous plant specie s  and effect ing an 
internat iona l exchange should be provided as well . Finally , the 
relevant sc ient ific j ournal s  and fac il ities for publ icat ion of research 
results  should also be provided .  
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PLANT NitROGEN FIXAtiON 

Technical Overview : The Biotechnology of Nitrogen Fixat ion 

Wolfgang D .  Bauer 
Associate Professor , Agronomy Department , 

Ohio State Univers ity 

Research in the area of nitrogen f ixat ion has progressed rapidly 
the past few years . Some of the more s ignificant advances are outlined 
in this paper , with emphasis on those findings that are of fundamental 
importance to the field or are relevant to pract ical problems . 

FIXATION OF NITROGEN 

One pract ical quest ion has received cons iderable attent ion : Is it 
pos s ible to transfer the genes for nitrogen fixat ion from rhizobia or 
other competent bacteria to agronomic plants such as corn? 
Alternatively , can corn or s imilar crop plants be genet ically 
engineered to form symbiot ic root nodules with rhizobia? 

The development of biotechnology has been unexpectedly rapid with 
respect to solving the technical problems of transferring genes into 
crop plants and having these genes expressed appropriately . The 
transformat ion of monocots such as corn vas achieved recently . In 
addit ion , genes transferred from one plant to another can be expressed 
in the proper t issue at the proper time . Findings such as these 
encourage one about the prospects of genet ically engineering plants 
such as corn or wheat to f ix the ir own nitrogen . 

Other informat ion , however , indicates that this goal will not be 
achieved in the next decade . It is becoming increas ingly apparent that 
the molecular machinery required for nitrogen fixat ion is very 
compl icated . At least 17 genes involved in this process have been 
ident ified to date , but it is not clear that these genes can be 
transferred en masse to other organisms and funct ion effect ively . 
Nothing nearly so difficult has ever been achieved . It has also become 
apparent that the establishment and maintenance of a symbiot ic 
relat ionship with nitrogen-fixing bacteria are formidable and complex 
as well . At least 10 genes required for nodulation have been 
ident ified in rhizobia and at least 35 genes specific to nodules have 
been ident ified in host plants such as soybean and pea . While many of 
these "nodule - specific" genes may be present in nonhos t  plants such as 
corn , there is no present knowledge or assurance of this , nor is there 
any assurance that needed genes could be transferred to funct ion in 
concert with those already present . 
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One very important conceptual advance in the area of nitrogen 
f ixat ion is the glutamate exchange model . According to this model . the 
host suppl ies bacteroids within the nodule with the amino ac id 
glutamate . The bacteria then remove the amino group and use the 
remaining carbon skeleton for both energy and synthes is of many 
compounds . Part of the energy obta ined from host plant glutamate is 
used to reduce atmospheric nitrogen to ammonia . This ammonia . together 
with the ammonia stripped from the original glutamate . is pass ively 
excreted by the bacteroids and used by the plant . partly for synthes is 
of more glutamate and partly for synthes is of all the other 
nitrogen- conta ining compounds required by the plant . This model is 
cons istent with a vide variety of metabolic studies . It is also 
attract ive because it does not require e ither partner in the symbios is 
to behave in an altruistic manner .  This model will be of cons iderable 
importance in future attempts to improve the bas ic effic iency of 
nitrogen f ixation . 

PROCESS OF INFECTION AND NODULE FORMATION BY RHIZOBIA 

There has been cons iderable clarificat ion of the complex events 
that occur during nodule format ion and the time course of these events 
dur ing infect ion . Infections can develop through e ither root ha irs or 
epidermal "cracks . "  depending on the host species . Infect ions through 
root hairs appear to require deformation of the root ha ir in a way that 
entraps the bacterium . Root ha ir deformat ion is induced by substances 
from the rhizobia . but the nature of these substances and the ir mode of 
act ion is not known . Root hair deformat ion in mature ha irs involves 
the format ion of branches . and appears to be distinct from deformat ion 
of emergent hairs . Emerging root hairs remain suscept ible to 
deformat ion by rhizobia only during the period of elongat ion . which is 
a matter of a few hours . It has been shown in soybean and several 
other legumes that only a narrow band of root cells behind the growing 
root t ip is susceptible to infection by rhizobia . This finding is 
important to the problem of competition between indigenous rhizobia and 
inoculated rhizobia . To compete effectively . inoculated rhizobia must 
be able to achieve and sustain good root colonization in the 
suscept ible zones of the root system as it develops . 

Great progress has been made in isolating and analyz ing the var ious 
genes in rhizobia required for nodulat ion . One important class of 
nodulat ion genes is composed of the "common" nod genes . so - called 
because they appear to be present and funct ional in all rhizobia . It 
appears that these genes are respons ible directly or indirectly for 
induct ion of root hair deformat ion and root cell divis ion in the host . 
Other nod genes seea to be involved in host spec ific ity and infection 
thread format ion . The genes required for infect ion thread format ion 
appear to code for enzymes involved in surface polysaccharide 
synthe s is . 

Although it is not clear what the gene products of the common 
nod genes do . it is known that substances present in the root exudate 
of the host  plant stimulate the express ion of the common nod genes . 
S imilarly . the lect in froa soybean root exudate stimulates 
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nodulat ion effic iency . Thus , ve are beginning to learn something of 
the molecular communications between the symbionts .  Such knowledge is 
cruc ial to the future manipulat ion of competitiveness , host range , and 
symbiot ic compat ibil ity . 

Some progres s has also been made in the molecular genetics of 
Azolla anabaena and in the host spec ificity of Prankia isolates . The 
use of Azolla for agriculture appears to be mainly l imited by the 
intens ive labor required for vegetative propagat ion . Vork on 
controlled sporulat ion is in progress . 

REGULATION OP NODULE FORMATION AND NITROGEN FIXATION 

It is becoming increas ingly evident that the legume/rhizobia 
symbios is is a highly evolved and regulated assoc iat ion . Several 
recent invest igations have shown that nodule format ion and nitrogen 
f ixat ion are subj ect to various forms of feedback regulat ion . 

The addit ion of external f ixed nitrogen such as nitrate , for 
example , leads to the rapid blockage of the earl iest steps of infection 
and to the rapid inhibit ion of nitrogen f ixat ion in previously 
establ ished nodules . Initiation of the first few infect ions in a root 
has been found to inhibit the maturat ion- -but not the initiat ion- -of 
subsequent infect ions . It is clear that the host plant can block 
infect ion initiat ion or development at virtually any stage of 
development . It is also clear that the abort ion of infect ions is a 
common event , indicat ing that the host optimizes nodule number . 
Nodulation on one s ide of a spl it root system strongly inhibits 
nodulat ion on the other s ide . The total number of nodules per plant 
rema ins remarkably constant despite many variat ions in exposure to 
rhizobia , again indicat ing homeostasis and optimizat ion of nodule 
format ion . 

When irradiat ion or chemicals have been used to mutagenize legume 
seeds , mutant progeny that have altered symbiotic propert ies have been 
ident ified . In addit ion to mutants that formed few or no nodules , 
mutants capable of forming a great many nodules were also obta ined . 
Such "hypernodulators " and " supernodulators " were encountered at 
frequenc ies of up to 0 . 2  percent . Characterizat ion of a 
supernodulating mutant of soybean indicated that the total number of 
infect ions vas increased severalfold , while at the same time the 
frequency of aborted infect ions decreased severalfold . It appears that 
supernodulat ion results from a defect in the feedback control mechanism 
that governs nodule number .  Grafting experiments showed that the 
defect vas in the shoot , not the root . It is poss ible that such 
mutants could be of cons iderable importance to agriculture in cases  
where increased nitrogen fixat ion is des ired but increased growth is  
not , as with cover crops , for example . It is also important to be 
aware that art ific ially induced crop plant mutants can be isolated 
that have altered regulatory funct ioning . It may prove far s impler in 
many cases to manipulate regulatory functions ( for example , t ime to 
flower ing or number of fruits ) through random mutat ion and select ion 
than through genet ic engineering . 
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COMPETITION FOR NODULE OCCUPANCY 

A maj or pract ical problem for growers wishing to obtain maximum 
benefit from Rbizobium nitrogen f ixation is that of gett ing inoculated 
rhizobia to generate enough nodules , part icularly in the face of 
competit ion from native rhizobia already in the soil . Past research 
efforts have ma inly concentrated on finding strains of rhizobia that 
nodulate and survive well in the soil . Recently , however , most  
attention baa been given to finding hosts that are nodulated only by 
certain rhizobia , or rhizobia that are highly compet itive on the roots 
but not in the soil . 

Progress in this area has been relatively s low because the 
phenomena are complex . Some efforts have been made to ident ify traits 
that are cruc ial to good colonization and infect ion of host roots . 
There ia some evidence that bacteria mot il ity and chemotaxis are two 
crucial characters . Several laboratories are currently studying the 
role of bacterial attachment to roots , but no f irm conclus ions are yet 
poss ible . Rapidity of growth of rhizobia on host root exudates also 
appears to be an important capabil ity , but the substances involved are 
not known . 

The relat ive competitiveness  of particular strains of rhizobia 
appears to depend on the genotype of the host , on the nature of the 
soil , and on the culture history of the bacteria . It has also been 
shown that nodule occupancy depends on the logarithm of the inoculum 
dosage , suggest ing that some regulatory function may be involved .  

Cons iderable work continues to be done in developing new 
formulations for coat ing seeds with inocula of rhizobia , although no 
maj or improvements appear to have been made over the standard 
peat -based slurries . It ia of interest that many Bradyrhizobium 
stra ins and a few Rbizobtwp strains are able to survive for long 
periods of time and even multiply in distilled water suspens ions . 
Thus , water may prove to an inexpens ive and relat ively selective medium 
for producing and storing inocula . 
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Biological Nitrogen Fixat ion in Indones ia 

Goesvono Soepardi 
and 

Batna Siri  Hadioetomo 
Bogor Agricultural Univers ity 

INTRODUCTION 

Despite a family planning program , it is predicted that Indones ia ' s  
populat ion will reach 2 10 . 2  mill ion by the year 2001 . Adequate food 
suppl ies must , therefore , be given constant , serious attent ion . 

Nov that self- sufficiency has been reached in rice product ion , 
priority is be ing g iven to increas ing the product ion of palavi1a 
( s econdary) crops - - com , soybean , peanut , and mungbean . Soybean is one 
of the major crops (about 800 , 000 hectares are cult ivated) , but a large 
amount is s t ill be ing imported . For example , an estimated 600 , 000 tons 
vas imported in 1983 , at a cost of more than US$170 mill ion . 

Efforts to increase soybean product ion include in�ens ifying as well 
as expanding its cultivat ion . A mass ive 18 . 3  percent per annum 
expans ion of product ion is planned through the current five -year 
nat ional development plan (REPELITA IV) . This can be achieved by 
enhanc ing product ion in existing areas us ing different or improved 
technologies , increas ing the area of cultivat ion by rotat ion with 
lowland r ice , and cropping new lands such as the transmigrat ion areas . 
The latter has been made poss ible in part by implementat ion of a l iming 
program for acid soils , which const itute a large part of the newly 
opened areas . The ability of soybean crops to obta in nitrogen through 
biolog ical nitrogen fixat ion ( BNF) without inoculat ion is not known . 
The ava ilable experimental data from some product ion systems , however , 
indicate the need for rhizobium inoculat ion . 

Studies on the need for inoculat ion of cover crops - - such as 
Ca lopogonium , pyeraria , Centrosema , and Kucuna- -must also be 
conducted . This is espec ially important in relat ion to the 
government ' s  efforts in estate expans ion where it hopes to increase 
state income from the nonpetroleum sectors . 

As long as rice , which is cult ivated mostly in paddy fields , is 
still the ma in staple for the Indones ian people , studies of the 
Azolla-Anabaena symbios is should also be given serious attent ion . 
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PRESENT STATE OF BNF ACTIVITIES IN INDONESIA 

Ongoing R&D Programs 

It is d ifficult to assess the ongoing R&D programs as the 
institut ions involved in biological nitrogen fixat ion are scattered 
throughout the country with no regular communicat ion among them . Host 
of the activit ies appear to be carried out at univers it ies that , 
unfortunately , are constantly faced with inadequate financ ial support 
and research fac ilities . Thus , it has been difficult to mainta in 
continuous research activit ies , let alone produce qual ified research 
findings . This is one of the maj or reasons why Indones ian sc ient ists 
are unable to part ic ipate in international sc ient ific meet ings : almost 
all of the agenc ies that provide funds for attending sc ientif ic 
meet ings require the attendees to present sc ient ific papers . Thus , 
this problem ,  as well as the lack of adequate l ibrary services , makes 
it almost impos s ible for most Indones ian sc ient ists to keep abreast of 
current progress  in this area , which contributes in turn to their 
inabil ity to direct good research programs . 

As for any field of biotechnology , the development of BNF requires 
the integrated use of different sc ient ific discipl ines , most of which 
have not been adequately established in Indones ia .  These include 
biochemistry , microbiology , and molecular genet ics . Thus , the 
curricula of those univers ity departments allowing graduate students to 
carry out BNF research do not necessarily offer the sc ient ific 
discipl ines needed to equip students to carry out sol id research in 
BNF . 

Establ ishing communicat ion among sc ient ists has also been a 
constant problem . This problem includes the inadequate quant ity and 
qual ity of sc ientific publ icat ions rece ived and the inabil ity of 
sc ient ists to meet periodically as a result of lack of travel funds . 

A nat ional program on biological nitrogen fixation vas establ ished 
in 1981 under the coordinat ion of the Indones ian Institute of 
Sc iences . Financ ial constraints , however , meant that scient ists 
invited to part ic ipate in the program were able to meet only three 
times during a f ive -year period (the last meet ing held in 1984) . The 
results of the program were limited to ident ificat ion of inst itutions 
and sc ientists involved in BNF research and their research act ivit ies . 

Applicat ions 

S ince 1978 , Gadj ah Kada Univers ity (UGH) has furnished the 
government with rhizobium peat -baaed inoculants ,  mainly for soybeans 
and peanuts ,  with a production rate of two tons per week . Product ion 
is still on a pilot plant scale , and the methods of product ion are 
be ing cont inually invest igated and improved . These inoculants are 
distributed by the government to farmers , but the ir use cont inues to 
require the close guidance of state extens ion workers . In addit ion to 
inoculanta for soybeans and peanuts ,  inoculants for other legumes have 
been produced in smaller amounts ,  based on demand , by UGH , Bogor 
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Agricultural Univers ity ( IPB) , and the Nat ional Biological Inst itute 
(LBN) , mainly for research purposes . 

Manpower 

About 20 qual ified sc ientists , most of whom rece ived the ir graduate 
degrees abroad , are involved in BNF research . Only a few , however , are 
ful l - t ime researchers . Wel l - trained technic ians are not available at 
most institut ions , and the curricula needed at various univers ities  to 
support BNF research have not been adequately developed . 

Fac il ities 

Some institut ions have adequate research fac ilities , while others 
do not . Lack of funds to maintain equipment is a general problem . 
Library facilit ies  are also inadequate , espec ially the rece ipt of 
periodicals . These and the other problems described above const itute 
the constraints that prevent BNF research activities in Indones ia from 
flourishing . This in turn affects how widely BNF is appl ied to 
agricultural pract ices in Indones ia .  

FUTUllE PLANS 

R&D Programs 

A core group of sc ientists undertaking BNF research that represents 
the relevant discipl ines must be organized . This group should meet 
periodically to exchange informat ion on research progres s , prospects ,  
and constraints , and to ident ify relevant research topics and establish 
priorit ies . Annual sc ient ific meet ings for BNF should also be 
organized and travel funds provided for part ic ipants . Init iat ion of an 
Indones ian biotechnology newsletter would greatly help establish 
communicat ions among the sc ientists . 

Research on the rhizobium- legume symbios is should focus on 
fas t - growing tropical rhizobia for gra in legumes such as soybean , 
peanut , mungbean , pigeon pea , and cover crops , and on the ecology of 
rhizobia . Compat ible plant cultivars should be developed accordingly . 

Studies on appl ication of the Azolla-Anabaena symbios is to rice 
cult ivat ion in paddy fields should be conducted continually . Exist ing 
fac ilities at the best- equipped inst itut ions should be developed to 
enable them to funct ion as culture collect ion centers . 

First priority should be given to a nationwide inoculat ion program 
that would enable farmers to benefit from BNF activit ies as quickly as 
pos s ible . This would be followed by research to solve the more bas ic 
problems . If a nat ionwide inoculat ion program is encouraged , however , 
the inoculant product ion capac ity in Indones ia should be greatly 
increased . The product ion capac ity at UGH is only suffic ient to 
inoculate 120 , 000 hectares annually ; it would be difficult to increase 
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this capac ity with the technology used currently . Accordingly , 
inoculant product ion should be opened to private enterprise interested 
in such a venture . In the interim , a quality standard for inoculant 
indus tries should be established as well as a government agency to 
monitor the qual ity of inoculants provided to farmers and to conduct 
rigorous testing of inoculant effectiveness . Regional production of 
inoculants should be cons idered to minimize transportat ion constra ints 
that may shorten the shelf l ife of the inoculant . 

Manpower Development 

More well - trained technic ians and sc ient ists are required to 
develop a BNF research capability .  Because it is important that the 
appropriate curricula are offered to prepare univers ity graduates for 
carrying out solid research in BNF , rapid development of the following 
sc ient ific discipl ines is recommended :  microbial phys iology and 
molecular genet ics , general and plant biochemistry , plant phys iology 
and breeding , plant molecular genet ics , and soil sc iences .  Each 
research center should have at least 15 qualified , full - t ime 
researchers among the e ight discipl ines (at least one Ph . D .  per 
dis cipl ine ) and 15 - 30 technic ians (pos s ibly S - 0  graduates ) . 

The existing curr icula , espec ially in those univers ity departments 
where students are usually enrolled to study BNF ( for example , the 
department of soil sc iences or agronomy) , should be improved to include 
the sc ient ific disciplines l isted above . In the interim ,  to support 
the development of BNF in Indones ia it is strongly recommended that 
leading Indones ian univers ities soon create departments of 
microbiology . Several univers it ies have suffic ient qual ified staff to 
offer at least an S - 2  program in microbiology , but S - 2  and S - 3  
candidates in discipl ines such a s  biochemistry and molecular genetics 
may still have to study abroad . In addit ion , S-0 programs must be 
developed at some univers ities to produce qualified technic ians and 
extens ion workers . 

Fac ilities 

A detailed list of equipment and fac ilit ies required for BNF 
research should be outl ined as soon as a program is set up . Funds to 
maintain equipment should be made available as well as the relevant 
literature , espec ially periodicals . 

To make appropriate spec ific recommendations , it is essent ial that 
an addit ional two meetings of the BNF workshop group be held , as well 
as at least one addit ional intergroup meet ing with other individuals 
involved in the agriculture biotechnology centers . 
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BIOCQNVERSION OF AGRICULTURAL BY-paODUCTS 

The Bus iness  of Indones ian Biomass 

Robert H.  Busche 
Pres ident . 

Bio En-gene- er Assoc iates . Inc . 

NATURE OF BIOMASS 

Biomass compr ises collectible . plant - derived materials that are 
abundant . inexpens ive . and potent ially convert ible to feedstock 
chemicals by fermentat ion or chemical proces ses . It is found as starch 
in Indones ian corn . rice . potatoes . cas sava . sago palm . and other 
agricultural products . It is also found as monomeric sugars or soluble 
ol igomers in cassava syrup . molas ses . and raw sugar juice . Biomass also 
occurs as l ignocellulose in the form of wood chips . crop res idues . 
forest and mill res idues . urban refuse . and animal manures . Of these  
mater ials . wood chips . r ice straw . and cassava and its  derived materials 
( starch and syrup) are probably the most important sources currently . 

Chemically . almost all biomass . regardless of its source . contains 
about 45 percent oxygen on a moisture - and ash- free bas is ( Browning . 
1963 : Wenzl .  1970) and 50 percent moisture as collected (Table 1 ) . 
Thus . biomass makes a poor fuel . At 50 percent moisture . materials such 
as sugarcane bagasse have a net heat ing value as rece ived of only about 
6 . 800 Btu/lb ( dry bas is )  or about half that of bituminous coal ( Paturau . 
1969) . Cellulos ic biomass is therefore a poor choice as an energy 
source . unless it is a waste material that must be disposed of at least 
cost . Biomass as starch or l ignocellulose . however . has potent ial as a 
feedstock for oxychemicals that reta in the oxygenated nature of the 
bas is cu2o structure . 

It would be much more difficult economically to attempt to squeeze 
u2o out of cu2o .  For example . in dehydrat ing ethanol to ethylene . 
tlie molecular weight is reduced from 46 to 28 . This means that water 
worth approximately $ 1 . 80 per gallon as ethanol is discarded . Such a 
s ituat ion is obvious ly poor economics . In the early 1980s . one might 
have . in fact . cons idered doing this because of the fantastic rate of 
increase in the cost of ethylene . Now . however . with the softness  of 
that market the economics of produc ing olefins from ethanol looks dim 
for the foreseeable future (O ' Sullivan . 1984) . 

Three general conclus ions can be drawn from these cons iderat ions . 
First . if one wishes to provide energy . or aromatics . or methane/syngas . 
it is best to buy a coal p ile . Second . if one is . however . looking for 
oxychemicals that maintain the oxygenated nature of the glucose 
molecule . biomass should be seriously cons idered . Finally . if olefins 
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TABLE 1 Biomass Elemental Analys is (Weight Percent ) 

Pine Corn Urban Feedlot Giant 
Wood Bagasse Cobs Refuse Manure Kelp 

Ash ( d . b . ) 0 . 5  2 . 0  1 . 0  14 . 0  24 . 0  39 . 0  
Moisture 50 . 0  50 . 0  7 . 0  18 . 0  70 . 0  90 . 0  
Ash- free dry sol ids 

Carbon 52 . 0  47 . 0  44 . 0  48 . 0  46 . 0  45 . 0  
Oxygen 41 . 0  46 . 0  48 . 0  45 . 0  43 . 0  46 . 0  
Hydrogen 6 . 0  6 . 0  8 . 0  6 . 0  7 . 0  6 . 0  
Sulfur 0 <0 . 1  <0 . 1  0 . 2  0 . 5  0 . 6  
Nitrogen 0 . 1  0 . 5  0 . 6  0 . 6  3 . 3  2 . 0  

are needed , biomass might be a poss ible source . A very hard and 
crit ical , albeit long - term , look at such apparent opportunities is 
required , however . 

IWUCET POTENTIAL 

In broad terms , the market potent ial for biomass -based chemicals 
appl ies to e ither specialty chemicals or oxychemical feedstocks . In 
cons idering spec ialt ies , a company might dec ide to produce nev products 
such as glucos ides from cassava syrup for the merchant market . 
Conversely , a company might cons ider further market opportunities for 
the products it currently manufactures . 

On the other hand , companies in oxychemical feedstocks - - that is , 
bulk commodity chemicals - -would probably prefer to approach further 
marketing opportunities from the point of view of capt ive use rather 
than that of entering the merchant market . Capt ive use would involve 
changing from an expens ive , foss il -based process to a more inexpens ive , 
renewable -based process . 

Price is obviously a strong determinant . As shown in F igure 1 ,  
price is inversely related to market volume . Spec ialty chemicals and 
pharmaceut icals command high prices but a lov volume . This paper 
concentrates on the relat ively low- cost , high-volume products labeled 
"primary petrochemicals " in Figure 1 .  

The markets for "bioproducts " - -products that might be produced from 
renewable materials - -are l isted in Table 2 ( Busche , 1983b) . Overall 
values are shown for world sales , except the value of commodity organic 
solvents and ac ids which is shown only for the United States . 
Commodity oxychemicals have a U . S .  market volume of about $14 bill ion . 
For the rest of the products l isted , sales are an order of magnitude 
lover . At the bottom of the l ist are some of the never products of 
biotechnology , genes and whole cells , for which markets have yet to 
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FIGURE 1 Specialty chemicals and pharmaceuticals . 

develop . The materials in the middle of the table have explos ive 
markets that are nov opening for products such as polypept ides and new 
hormones produced by recombinant methods . 

TABLE 2 Bioproduct Markets 

Current 
World Sales 

Product (US$ mill ions ) 

Organic solvents and ac ida8 

Amino ac ids 1 , 700 
Ant ibiot ics 1 , 625  
Vitamins 667 

440 Industrial enzymes 
Steroids and alkaloids 
Polypept ides and hormones 
Nucleotidea , nucleos ides 
Medicinal enzymes 155  
Biopolymera 
Polysaccharide �· 
Genes > IHH HW 
Cells 

100 

380 
260 
160 

:current and potent ial appl icat ions . 
One mil l ion molecular we ight 

14 , 180 (U . S . )  
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POTENTIAL FOR OXYCHEMICALS 

It seems unreasonable to expect that biomass could compete 
effect ively , even in the long run, with foss il feedstocks in the 
product ion of aromatics , particularly s ince coal is essent ially 
aromatic in nature . Poss ible exceptions might be the aromatics that 
could be produced from l ignin res idues by hydrogenat ion and 
hydrodealkylation . 

Depending on relative economics ,  ethanol from biomass might 
someday , but probably not before the year 2020 , compete with heavy 
hydrocarbon feedstocks as a raw material for ethylene and butadiene . 
World War I I  processes for accompl ishing this are already being 
introduced into Braz il ' s  ethanol -based energy economy . For the free 
market economy of the United States , however , these dehydrat ion 
processes suffer from inherently poor raw material stoichiometry , 
expressed earl ier in the maxim : "Don ' t  remove H2o from CH20 . "  

Hence , it seems more reasonable to expect that as fos s il fuels 
become more expens ive , both cellulose and starch could become 
increas ingly important as cheap raw materials for oxychemicala that 
retain the oxygenated nature of the glucose monomer units of biomass . 
Against the background of the present synthetic organic chemicals 
industry , the 16  top oxychemicals listed in Table 3 have been , are 
be ing , or could be produced from renewable materials rather than foss il 
materials .  All except adipic acid , 1 , 4 -butanediol and 
methylethylketone are primary feedstocks in the sense that they can be 
produced directly from biosugar . 

Ethanol is shown in Table 3 in terms of both its current us e a s  a 
solvent and its potent ial us e as a feedstock for ethylene and butadiene 
and as an octane enhancer in gasoline . Ethanol commands a $9 bill ion 
potent ial out of a total of $14 bill ion in current sales for 
oxychemicals . Other materials of interest have lesser potent ial . 

Certainly ,  the United States and the world already have an ample 
product ion capac ity to supply current needs for such feedstocks , as 
shown in Tabl e 4 (Stanford Research Institute , 1981) . Over the next 
five years alone , however , the need for a cons iderable increas e in U . S .  
or world product ion capac ity is indicated for many feedstocks : 

Ethylene 
Butadiene 
Ethylene glycol 

Percent Increase ,  
United States 
+14 
+30 
+26 

Percent Increase , 
World 
+31 
+26 
+3 3 

For such expans ions , oxychemical plants based on renewable 
mater ials  would need to compete on a grass -roots bas is with new 
fos s i l -based plant s . Overal l ,  nevertheless , the long - term , inexorable 
pres sure of ris ing OPEC oil prices wil l  generate the need for 
alt ernat ive sources of fuels  and chemicals . 
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TABLE 3 Oxychemical Markets for Innovat ions in Biotechnology 

Oxychemical 

Ethanol 
Ethylene 
Butadiene 
Octane enhancer 
Industrial 

Subtotal 

Ethylene glycol 
Adipic acid 
Acet ic acid 
Isopropanol 
Acetone 
Acryl ic ac id 
Glycerol 
1 , 4 - Butanediol 
Propylene glycol 
Methylethylketone 
n- Butanol 
C itric acid 
Sorbitol 
Propionic acid 
Fumaric ac id 

TOTAL OXYCHEMICALS 

Current U . S .  Value 
( $  millions ) 

6 , 790 
1 , 320 

560 
380 

9 , 050 

1 , 260 
1 , 030 

620 
500 
460 
360 
250 
240 
220 
210 
200 
190 

90 
35 
25 

14 , 180 

Source : U . S .  Internat ional Trade Commiss ion , Washington , D . C .  

MARKETING POTENTIAL 

Marketing potent ial relates to where a company stands in the 
marketplace , keeping in mind whether its products are produced for 
capt ive use or are intended for the merchant market . Each company must 
judge for itself where its pos it ion lies or could be developed in that 
scheme of things . 

PRODUCT POSITION 

In terms of commodity feedstocks , there is no product pos it ion . 
Because these are all well-known materials , proprietary product patents 
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TABLE 4 Product ion Capacity , 1980 (Mill ion Annual Pounds ) 

United Western 
States Europe Japan World 

Ethylene 36 , 300 36 , 000 12 , 700 104 , 500 
Ethylene glycol 5 , 380 2 , 970 1 , 370 12 , 220 
Butadiene 4 , 020 4 , 600 1 , 620 12 , 530 
Acet ic acid 3 , 540 2 , 540 1 , 450 8 , 520 
Acetone 3 , 290 2 , 390 620 6 , 8 90 
Isopropanol 2 , 800 
Ethanol 2 , 510 1 , 240 260 17 , 860& 

Adipic acid 1 , 910 2 , 350 150 4 , 930  
Propylene glycol 870 820 15  1 , 920 
Methylethylketone 870 570 140 1 , 800 
n- Butanol 800 
1 , 4 - Butanediol 

(and THP) 380 220 20 620 
Glycerol 340 470 120 1 , 010 

•Includes 5 , 930 million lb , USS&; 5 , 580 mill ion lb , Braz il . 

have long s ince expired . Companies entering these markets will need to 
develop both a manufacturing pos ition and a raw materials pos it ion to 
be successfully involved .  

aAW MATDIALS SUPPLY 

As a product of solar energy , biomass depends on land dedicated to 
useful photosynthesis . For example , of the total 2 . 3  bill ion acres of 
the United States , 380 million acres ( 1 7  percent ) are devoted to crops , 
720 million acres ( 3 2  percent ) to forest and woodland , and 680 million 
acres ( 30 percent) to pasture or graz ing land (USDA , 1981) . 

Of all Indones ian crops , cassava is the primary source of starch 
because of its ample supply potent ial and low cost relat ive to other 
sources of starch or sugar . Lignocellulos ic crop res idues are also 
abundant , but commerc ial collect ion systems are l imited and need to be 
developed to exploit this potent ial resource .  Lignocellulose is the 
structural material of plants . 

More complex than starch , it is a compos ite of three polymers ( s ee 
Table 5 ) . In wheat straw and hardwoods these comprise : 42 percent 
cellulose ,  a l inear polymer of glucose that occurs as microfibrils ; 35  
percent hemicellulose ,  an amorphous -branched copolymer composed mainly 
of xylose :  and 22 percent lignin , a cros s - l inked polymer of substituted 
phenylpropane units (Browning , 1963 ; Wenzl ,  1970) . 
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TABLE S Compos it ion of Cellulosic Materials (Percent Dry , 
Extract ive -Free ) 

Soft - Hard- Wheat Corn 
wood wood Straw Bagas se Stover 

Alpha - cellulose 43 . 8  42 . 4  42 . 4  38 . 7  42 . 8  
Hemicellulose 26 . S  3S . 6  33 . S  39 . 0  42 . 0  
Lignin 29 . S  2 1 . 7  22 . S  20 . 6  14 . 0  
Ash 0 . 2  0 . 3  1 . 6  1 . 7  1 . 2  
Polysacchar ides 

c6 S6 . 6  Sl . l  4S . 8  46 . 2  49 . 0  

cs 6 . 9  18 . 2  24 . 6  2 7 . 0  2S . 6  

TOTAL 63 . S  6 9 . 3  70 . 4  73 . 2  74 . 6  

In the United States , for example , only 8 mill ion annual dry tons 
of crop res idues - - such as sugarcane bagasse , cotton gin trash , and r ice 
hulls - - are collected annually at certain proces s ing s ites ( see Table 
6 ) . About lOS mill ion annual dry tons of corn stalks and 180 mill ion 
annual dry tons of cereal straw are available and could be collected if 
the demand warranted it . The addit ional potential supply of S2S 
mill ion dry tons of other agricultural res idues is too diffuse to be 
collected economically or must be retained on the land to ma inta in the 
soil . 

TABLE 6 U . S .  Cellulos ics Potential - - Cropland Resources (Mill ion Annual 
Dry Tons ) 

Cellulos ic Material 

Corn stover 
Cereal straw 
Soybean res idues 
Bagasse , gin trash , rice hulls 
Other crops 

TOTAL CROPLAND 

Note : 197 7 - 1979  crop data . 

Collected Collectible 
Supply Reserve 

8 

8 

lOS 
180 

2S 

310 

Potent ial 
Resource 

212 
180 

so 
8 

360  

810 
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S imilarly , the annual growth of the American forests could provide 
an economically col lectible supply of 270 mill ion dry tons of 
l ignocellulos ic biomass ( see Table 7 ) . 

This amount is the net of mortal ity and commerc ial removals  from a 
commerc ial inventory of 2 5  bill ion tons of standing tree stems . 
Eastern hardwoods , which are less important to the pulp and paper 
indus try than the stronger fibered conifers ,  are primary target 
sources ( Browning , 1963 ; USDA Forest Service , 1974) . 

Urban solid waste is the ult imate end for paper and board 
products . This source might supply another 30 mill ion tons from the 32  
largest urban centers . The supply from each of the se would exceed the 
400 , 000 annual dry tons needed for a cellulose - based chemicals plant 
(Wahlgren and Ellis , 1978 ; U . S .  Environmental Protect ion Agency , 1974 ; 
Drobney et al . ,  1971) . The heterogene ity of these materials , however , 
raises safety and process problems in downstream operat ions . 

Geographical distr ibut ion of biomass must also be considered . In 
contrast to coal , which occurs in a three - dimens ional sense as thick 
seams in many strip-mined areas , biomass occurs as a two - dimens ional , 
diffuse supply , spread over the land from which it is derived . Most  
corn and wheat , and the ir res idues , are found in the heartland of  the 
United States . 

TABLE 7 U . S .  Cellulos ics Potent ial - - Forest Resources (Mill ion Annual 
Dry Tons) 

Collected Collectible Potent ial 
Supply Reserve Re source 

Net annual growtha 270 450 
Logging res idues 105 145 
Process  res idues 

and wastes 
Pulp mills 3 38 46 
Saw mills ( excl . chips)  13 13  26  
Paper and board mills 12 13 

Fue l wood 3 3 
Urban sol id wastes 41 12 7 7  

TOTAL FOREST 60 450 760  

aNet of mortal ity and removals from a commerc ial inventory of 25  
billion tons . 
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TABLE 8 U . S .  Cellulos ics Potential - -Grass land Resources (Mill ion 
Annual Dry Tons ) 

Cattle 
Hogs 
Broilers 
Chickens 
Sheep 

TOTAL GRASSLAND 

Note : 1977  data . 

Collected 
Supply 

s 

s 

Collectible 
Reserve 

4 

2 

6 

Potential 
Resource 

237  
1 1  

6 
4 
2 

260 

Mainly animal manure , the "grass land" cellulose resource is too 
diffuse (Table 8 ) , except for a few large feedlots , to be a source of 
l ignocellulose for chemicals (Niessen and Alsobrook , 1972 ; Veirs , 
1971) . A s imilar biomass inventory should be made in Indones ia .  

The t imber resource in Indone s ia is vast (USDA , 197 5 ) . Hardwoods 
are generally less des ired than conifers by the pulp and paper industry 
because they have short , weak fibers . Hardwoods are , however , 
preferred for chemical use s ince they contain less l ignin and tacky 
dirt - collect ing extract ibles . Presumably , they could be used without 
serious ly compet ing with the pulp and paper industry for raw materials . 

How do these raw material suppl ies compare with the total potent ial 
need for chemicals? Table 9 shows the biomass needed to produce 
various oxychemicals . With the exception of the olefins , ethylene , and 
butadiene , the ent ire U . S .  supply of oxychemical feedstocks could be 
produced from only 11 percent of the current corn supply . This is 
about the amount of material that corn refiners presently use 
annually . Likewise , only about 3 percent of the available exces s  
cellulose supply would b e  required t o  do the same j ob .  There is 
obvious ly ample raw material available ,  provided a bus iness  system can 
be developed to get biomass to the right place at the right price . It 
is as sumed that the same s ituat ion applies to Indone s ia ,  but this 
should be confirmed . 

COMPETITIVE PRICE ADVANTAGE 

Compet it ive pr ice advantage is the bottom line for commodity 
chemical bus inesses . A system for produc ing feedstocks from renewable 
resources is shown in Figure 2 .  Many opt ions are available . 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Biotechnology in Agriculture: Summary Report, Jakarta, Indonesia, March 13-14, 1986
http://www.nap.edu/catalog.php?record_id=18585

http://www.nap.edu/catalog.php?record_id=18585


- 63  -

TABLE 9 Oxychemicals from Renewable Resources 

1979 u . s .  
Product ion 

Oxychemical (mill ion lb) 

Ethanol 
Ethylene 29 , 200 
Butadiene 3 , 600 
Industrial 1 , 3 10 

Ethylene glycol 4 , 600 
Acetic ac id 3 , 300 
Acetone 2 , 500 
Isopropanol 1 , 970 
Adipic acid 1 , 800 
n- Butanol 560 
Propylene glycol 550 
Glycerol 370 
Butanediol & THF 300 
Sorbitol 130 

TOTAL EXCLUDING OLEFINS 

•7 . 4  bill ion bushels , 1979 . 
b770  mill ion dry tons , collectible 

I STaiiCH �---------

Percent of 
Corn Crop• 

36 . 50 
5 . 30 
0 . 90 
1 . 60 
1 . 30 
2 . 70 
2 . 10 
1 . 40 
0 . 60 
0 . 20 
0 . 10 
0 . 30 
0 . 04 

11 . 00 

supply . 
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FIGURE 2 Feedstocks from renewable resources . 

Percent of CelS -
ulos ic Biomass 

9 . 50 
1 . 40 
0 . 20 
0 . 40 
0 . 30 
0 . 60 
0 . 50 
0 . 30 
0 . 20 
0 . 05 
0 . 03 
0 . 10 
0 . 01 

3 . 00 
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B iorefinery Model 

Start ing with cassava , the starch could be hydrolyzed to a sugar 
syrup , which would then be refined and further processed to provide 
food -grade sweeteners such as high- fructose syrup . Otherwise , the 
syrup could be fermented to ethanol which is also be ing done today . 
Other fermentation products could be produced s imilarly if the price 
were r ight . 

Alternatively ,  cheaper cellulos ic materials could be hydrolyzed and 
the b iosugar processed in a s imilar manner . The l ignin res idue 
produced could be used as a fuel in the plant ( this is currently done 
with bagasse in raw sugar factorie s ) , or it could be hydrogenated in 
the same way that coal can be hydrogenated to produce phenols  and 
aromatics (Parkhurst et al . ,  1980) . In fact , l ignin , the geological 
precursor of coal , might be cons idered the ultimate source of aromatic 
chemicals . 

In the hydrolys is  of cellulos ic materials , the biosugar product is 
a mixture of sugars , princ ipally glucose and xylose in the case of 
hardwoods . These might be separated and further processed . For 
example , xylose might be used to produce xyl itol by fermentation , or it 
could be chemical ly converted to ethylene glycol (Clark , 1 9 58 ; Larcher , 
1934 ; Tanikella , 198 3 ) , or furfural and furans as the Quaker Oats 
Company presently does (Harris , 1977 ; Duffey and Wells , 1 9 5 5 ) . 

To evaluate the competitive advantages of any scheme developed from 
the "biorefinery" overview , one needs to examine the relative cost of 
raw materials and the convers ion costs of the process  alternat ives . 

Cost of Raw Materials 

The cost of raw materials is certa inly a big share of the total 
cos t . For example , Table 10 shows the costs of produc ing ethanol from 
corn in a 2 5 -mill ion gallon batch-process plant operating in 1980 . At 
that t ime , plant inves tment vas roughly a dollar a gallon . It is 
higher nov , and more recent data are probably available . Thes e  data 
make the point , however ,  that corn , net of grains credit , costs $ . 60 
per gal lon out of a $ . 97 per gallon mill cost and a $ 1 . 42 per gallon 
cost -plus - 30 percent pretax return . Consequently , the cost of raw 
materials is of paramount importance . 

Corn versus Fos s il Materials 

U . S .  costs for various feedstocks over the pas t  decade are shown in 
Figure 3 .  Each is shown on a common bas is of cents per pound , although 
the more usual units for each are also given . The prices of all fos s il 
materials - - gas , oil , and ethylene derived from these - -rose sharply over 
the 1970s . On the other hand , the price of corn rose much more s lowly , 
representing the bas is for any hope of switching from foss il materials 
to renewable materials . 

What wil l  happen to prices in the future? The recess ion of the 
early 1980s made everyone ' s  timetable obsolete . Clearly , the industry 
misread the effects of conservation and reces s ion ; each year the 
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TABLE 10 Economics of Ethanol from Corn ( 1980 Dollars ) 

Bas is 
2 5  mill ion gal/yr 190° alcohol 
Batch process 
2 . 86 galfbu 

Inves tment : $29  mill ion 

Cost ( $/gal) 
Corn @ $3 . 00fbu 
Grains credit @ $ 140/t 
Steam- -alcohol recovery 

- - grains recovery 
Other convers ion costs 

Mill costs 

Cost plus 30 percent pretax 

• 
-

• 

•• 

• 
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• 
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FIGURE 3 Feedstock prices . 
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proj ected demand dropped . Now , demand and price are fairly flat and 
are expected to stay flat over the next few years . 

Now that the recess ion is over , what will happen to the price of 
oil over the next decade ? Conoco , Inc . has proj ected that the price of 
crude oil will fluctuate between $ 1 5 - $20 a barrel through 1990 . During 
the 1990s as the supply-demand balance tightens , prices will begin to 
move up rapidly reaching $40 - $ 50 a barrel by the year 2000 . 

Hydrolys is of Polysaccharides 

Two options are ava ilable for convert ing starch or l ignocellulose 
to chemical products : ( 1 )  convert directly , or ( 2 )  hydrolyze to the 
corresponding monomeric sugar for use as an intermediate feedstock . If 
technically feas ible , the use of the polysaccharide directly would be 
preferred in mos t  cases (Vang et al . ,  1981) . Programs at the 
Massachusetts Inst itute of Technology and Univers ity of California at 
Berkeley have centered on this poss ibil ity ; however , most  fermentat ions 
take place more readily us ing a monomeric sugar feedstock . Moreover , 
it may be preferred in certain cases to have a large common supply of 
sugar feeding a number of smaller fermentat ion operat ions as part of a 
"biorefinery" complex . 

Cellulos ic biomass at $25 - $ 3 5  per dry ton is far cheaper than corn 
at $ 1 10 per dry ton (Goldste in et al . ,  1978 ; Arola and Hiyata , 1981) . 
It is very difficult , however , for most  naturally occurring organisms 
to hydrolyze cellulose because of the intractable nature of the 
cellulose crystallite . Thus , a trade -off occurs between the low cost 
of raw materials and the high investment needed for hydrolys is 
equipment . 

TABLE 11 Costs of Pretreated Vood Chips (Dollars per Dry Ton) : 1980 , 
198 5 , 1990 

1980 1985 1990 

Hardwood chips (40 -mile haul) 25 . 75 3 6 . 80 51 . 54 

Cost plus 30\ PTROI ( $/dry ton) 
Chips 28 . 36 40 . 48 56 . 59 
Rece iving and grinding 6 . 70 9 . 92 14 . 42 
Ac id pretreatment 26 . 6 6 48 . 64 74 . 00 

TOTAL 6 1 . 72 99 . 04 145 . 11 
$/lb equiv . sugar• . 044 . 071 . 104 

•At 90 percent molar yield of polysaccharides (70  percent dry bas is ) . 

Note : PTROI • pretax return on investment . 
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Various pretreatment processes have been under study to improve 
hydrolyzabil ity in a direct one - step bioprocess  for converting 
l ignocellulose .  In the mild acid pretreatment process , wood chips or 
other sources of l ignocellulose are acidified to hydrolyze and recover 
the hemicellulose sugars while opening up the structure of the 
alpha - cellulose to enzyme attack (Krappert et al . ,  1981) . The cost of 
the pretreatment , however , increases the cost of the wood chips from 
$ 3 5  to over $90 per dry ton , as shown in Table 11 . This results in 
los s  of much of the cost margin between wood and corn . 

In a two - s tage process , cornstarch or lignocellulose is f irst 
hydrolyzed to the corresponding sugars before converting to the f inal 
product in a subsequent operation . The large vet corn milling industry 
now provides a commercial supply of hydrolyzed cornstarch (Janke and 
Koppel , 1980) . For 198 5 , it was est imated that corn syrups could be 
produced commercial ly from corn at $ 3 . 40 per bushel at a cost of about 
$ . 12 per pound of sugar (estimated from the data of C .  a .  Keim . 1980 . 
Industrial and Engineering Chemistry Product Research and Development 
19 : 4 ,  and of other vet mil l ing industry source s ) . This price placed a 
compet it ive cost ceiling on the market value of lignocellulose -based 
"biosugars . "  In addition , the "res idues "  from corn wet milling are 
high-value oil and prote in feeds , while markets for l ignin , the res idue 
from cellulose hydrolys is , have yet to be developed .  

Cellulose hydrolys is does not presently appear to be economically 
competit ive with starch hydrolys is as a source of sugar . Processes 
us ing concentrated ac ids to catalyze the hydrolys is of cellulose have 
not been successful commercially because of the need to recover and 
recycle the ac id . The dilute ac id process reduces acid-as sociated 
costs to about $ . 003 per pound of sugar , produced at a l ignocellulose 
cost of $ . 03 per pound sugar ( 1985 dollars ) ;  however , power costs are 
high . Plant investment amounts to $ . 18 per annual pound , which is also 
too high for the process to compete in its present form with corn 
hydrolys is . 

The acid hydrolys is of cellulose is hardly new . Bergius ' s  Re inau 
Process vas based on the use of supersaturated hydrochloric ac id as 
described earlier in German Patent No . 11836 , is sued in 1880 . This 
process vas used unt il the end of Vorld Var II . Concentrated sulfuric 
ac id was the bas is for the process piloted by the U . S .  Department of 
Agriculture ' s  (USDA) Northern Regional Research Laboratory in 1945 
(Dunning and Lathrop , 1945 ) and by the Japanese at Hokkaido in the 
1950s (Takubo et al . ,  1960) . Neither process was commerc ial ized 
because of the problem of recovering and recycling the ac id . 

Concurrently , the use of dilute sulfuric acid at higher 
temperatures was introduced by Scholler in a plant at Tornesch ,  
Germany , in the 1930s (Luers , 1930 , 1932) . This batch process used 
less acid , but yields were poorer than with the concentrated acid 
processes . During Vorld Var II , the American Var Product ion Board 
ass igned further development of the process  as a source of ethyl 
alcohol to USDA ' s Forest Products Laboratory . The cont inuous "Madison" 
process that resulted vas incorporated in a pilot plant built by the 
Tennessee Valley Authority (TVA) at Vilson Dam (Gilbert et al . , 1952) , 
and in a larger plant built in Springfield , Oregon , that processed 
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300 tons of wood waste daily (Harris et al . ,  1945 , 1946) . None of the 
ac id hydrolys is plants survived peacet ime economies ,  except those that 
cont inued to operate in the USSR . 

Interest in ac id hydrolys is as a route to alternat ive energy 
sources revived in the 1970s as a result of the world oil s ituat ion . 
Dilute acid systems appear farthest along in development . Dilute 0 . 4  
vt\ sulfuric ac id is be ing used at moderate temperatures - - for example , 
170°C/5 min in a mild prehydrolys is pretreatment for recovering 
heat - sens it ive hemicellulose sugars prior to applying 
highertemperatures , and 270°/5 sec for hydrolyz ing alpha - cellulose . 
The two - step process  has been explored on a small scale in a number of 
laboratories , notably USDA ' s Fore st Products Laboratory (Zerbe , 1982) , 
and that of Dartmouth College (Grethle in , 1978) . New York Univers ity 
has operated an advanced p ilot system that used a Varner- Pfle iderer 
twin -screw extruder/reactor to control temperature and res idence ttme 
to the l imits crit ical to the yields of this process (Rugg , 1982 ) . 
F inally ,  the Georgia Inst itute of Technology and TVA des igned 
integrated p ilot plants that were also based on dilute acid technology 
(O ' Ne il , 1980) . 

Research on new vers ions of concentrated ac id hydrolys is has lagged 
behind that on dilute ac id processes . Michigan State Univers ity made 
progre ss in us ing gaseous or liquid hydrogen fluoride to break down 
alpha - cellulose at low temperatures without subsequently degrading the 
sugars . However , considerable revers ion of monomer sugars to ol igomers 
occurs while increas ing the temperature to recover the hydrogen 
fluoride . This requires a mild posthydrolys is of ol igomers by dilute 
sulfuric ac id . As a result , the investment in this process 
approximates that needed for the two- stage dilute ac id process (Hardt 
et al . , 1982) . Other concentrated ac id proj ects do not seem to be as 
f irmly developed .  This includes Purdue University ' s use of methanol to 
extract and recycle concentrated sulfuric ac id from the 
acid- impregnated biomass and North Carol ina State Univers ity ' s  
evaluat ion of superconcentrated 15N hydrochloric ac id in a variat ion of 
the Berg ius process (Goldstein et al . , 198 3 ) . 

A biological approach to cellulose hydrolys is involves the use of 
cellulolytic enzymes such as those produced by the fungus Trichoderma 
reesei (Mandels , 1981) . This process had been under development by the 
U . S .  Army Nat ick Laboratory s ince World War II . More recently , at 
least 15 other laboratories around the world have inst ituted s imilar 
proj ects . The enzyme used is produced extracellularly in a separate 
fermentat ion process  and then transferred to the hydrolys is sect ion as 
a supernatant l iquid after f iltering off the cells . Development of 
hypercellulolytic mutants at Nat ick Laboratories , Rutgers ,  and Cetus 
Corporat ion increased the product ivity of this step tenfold (Allen and 
Andreotti , 1982 ; Montenecourt et al . ,  1981) . Two problems remain , 
however : ( 1 )  the need to pretreat the cellulose feed to improve 
acce s s ibil ity of the substrate to enzyme attack , and ( 2 )  inhib ition of 
the enzyme by the product glucose and its dimerous cellobiose .  
Dartmouth College has shown that dilute ac id prehydrolys is is an 
effect ive pretreatment (Krappert et al . ,  1980 , 198 1) , but this step 
adds $ . 03 per pound to the cost of the sugar produced ( 1980 dollars ) .  
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The Iotech (Foody , 1980) and Stake ( Bender , 1979)  steam explos ion 
pretreatments ,  as well as the Colorado State Univers ity (Dale and 
More ira , 1982)  l iquid ammonia freeze - explos ion technique , may prove to 
be more cost-effect ive . 

The economics of some of these hydrolys is processes are compared in 
Table 12 . Even at best , these approaches appear to provide only a 
trade -off between the new , untried sources of glucose and corn syrup , a 
wel l - established source . Few in industry would be seriously interested 
in introducing such new processes unless a cons iderable apparent cost 
savings could be developed to just ify the risk involved .  

Convers ion Costs 

Convers ion costs usually include labor-related costa , util ity 
costs , and cap ital - related costs . Capital-related costa also must 
inc lude some idea of how much return on investment is expected by the 
company elect ing to enter a new bus iness . Thus , capital investment for 
direct plant equipment , as well as for al located ut il ity investment and 
working capital , is usually the dominant factor affect ing total cost . 
The process yield also has a strong effect on the result ing cost of raw 
materials . 

It is rather difficult to general ize about convers ion cost 
differences between fermentat ion and petrochemical processes . 
Synthet ic processes are usuallly operated in a cont inuous mode on a 
large scale to attain the economics assoc iated with such large - scale 
operat ions . Fermentat ions are more often operated in a batch mode . 
Although fermenters are relat ively cheap per unit volume compared with 
high-pressure synthes is reactors , large volumes are usually needed and 
fermentat ion plants are operated with mult iple units . Thus , as des ign 
capac ity increases the attendant decrease in investment perunit of 
product ion flattens out at a relat ively low scale . 

Yields can be high or low in e ither synthet ic processes or 
fermentat ion processes , making it again difficult to generalize . 

TABLE 12 Biomass Costs (Dol lars per Dry Pound) : 1980 , 1985 , 1990 

1980 1985 1990 

Corn stover $ . 015 $ . 021  $ . 031  
Vhole tree wood chips . 013 . 018 . 026  
Pretreated wood chips . 031  . 050 . 07 2  

B iosugar e x  l ignocellulos ics 
Enzyme/ac id pretreat . 080 . 12 9  . 19 3  
Concentrated ac id/recyc le . 081 . 123  . 181  
Dilute ac id/extrus ion . 088 . 140 . 209 
Concentrated ac id/once - through . 126 . 187  . 268 

Corn syrup (as glucose) . 084 . 104 . 137 
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S imilarly , although fermenters operate at low temperatures and at 
low unit energy demands , the product is generally conta ined in a very 
dilute aqueous beer . As a result , product recovery operat ions can 
involve some energy- intens ive processes such as distillat ion . 

Fermentat ion Costs 

Of all the fermentat ion parameters , product concentration has the 
greatest effect on convers ion cost . Batch t ime , or dilut ion rate for 

cont inuous operat ion , is second in importance .  The effect of each on 
cost is shown in F igure 4 .  Concentrat ion is of primary importance 
because its rec iprocal (gallons per pound) is a measure of the s ize of 
the fermentat ion and recovery/purificat ion plants needed to produce a 
unit of product . Dilut ion rate affects only fermenter volume , but 
s ince fermenter investment is usually a large proportion of total plant 
investment , the effect on cost can also be large . Figure 5 shows the 
importance of increas ing concentration to above 100 g/1 . This level is 
seldom realized in pract ice because of product inhibit ion of the 
organism . 

The advantage of continuous operat ion is evident . A batch mode 
usually requires about 12 hours to turn a fermenter around at the end 
of a run .  This means that even with a hypothet ical zero fermentat ion 
t ime for a batch oprrat ion , the effective "dilut ion rate" would reach a 
maximum of 0 . 08 hr - ( that is , the rec iprocal of 12 hours total cycle 
t ime ) . The convergence of the curves at an " infinite " dilut ion rate 
s imply means that at high rates the effect of fermenter investment 
becomes less important than that of other investment items . 

FIGURE 4 Fermentat ion convers ion costs . 
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FIGURE 5 S impl istic dist illat ion heat balance s .  

Figure 5 also compare s the convers ion costs of three alternative 
routes  to ethanol . The $ . 12 per pound ( $ . 7 5 per gallon) cost for the 
Saccharomyces cerevis iae yeaJt system represents the convent ional batch 
fermentat ion of corn sugar in a dist illery at a batch t ime of about 54 
hours for a product concentrat ion of 60 g/1 as l imited by product 
inhibit ion (Novack et al . ,  1981 ; Maiorella et al . ,  198 3 ) . A more 
effic ient system for corn sugar based on the bacterium Zymomonas 
mobilis operates  at a higher 100 g/1 concentrat ion because of lower 
profuct inhibit ion , and at a higher effective dilut ion rate of 0 . 7  
hr- (Rogers et al . , 1982) . These two improvements reduce the 
convers ion costs to $ . 05 per pound ( $ . 28 per gallon) . In contrast to 
these two com-based processes , MIT has been developing a process us ing 
the thermophyll ic bacterium Clostridium thermocellum to convert 
lignoce llulos ics directly to a mixture of 32 g/1 ethanol plus 7 g/1 
acet ic acid at a total batch t ime of 100 hours (Cooney et al . ,  1983) . 
The longer t ime and lower concentrat ion result in a higher $ . 29 per 
pound ( $ 1 . 80 per gallon) convers ion cost . It is hoped that this 
process can be improved further to reduce cost . Because in this case 
the raw material cost is lower than that of the com-based processes , 
the convers ion cost can be higher and still effect a break- even 
pos it ion . 

Product Recovery Costs 

In addit ion to the need for an improved fermentation process , a 
corollary need exists for new energy- effic ient processes to recover the 
products from dilute aqueous solut ion . 

Recovering products from fermentat ion broths invariably involves 
separat ing the product from a dilute (usually under 10 wt\ but more 
generally 1 - 5  wt\) aqueous solut ion . The magnitude of this problem and 
the approach taken to solve it depend on whether the product has a 
boiling point below or above that of water , occurs as a salt , or is a 
prec ipitate . Low-boil ing organic solvents are relat ively easy to 
separate from water by dist illat ion because of an usually high boil ing 
point and volatil ity differences . Dist illat ion is the present 
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separat ion method of choice in these cases , part icularly where the 
heatcan be suppl ied by low-pressure steam and refrigerat ion is not 
required to condense the overhead vapors (Null , 1980) . 

S ince the solvent is boiled away from water , the energy expended is 
a s imple funct ion of its latent heat of vaporizat ion- - for example , 
about 2 , 300 Btu/gal for ethanol ( Perry et al . ,  1963) . As shown in 
Figure 5 ,  the heat lost to water is ma inly that required in sens ible 
heat to heat water to its boiling point . About 70 percent of this can 
be recovered by heat exchange with the feed . For a 5 percent ethanol 
broth leaving a fermenter at 35°C ,  this heat amounts to about 14 , 000 
Btu/gal or 2 , 220 Btu/lb of ethanol produced . In contrast , to recover a 
high-boiling solvent l ike acet ic ac id from water by distillat ion , the 
water must be boiled away from the product . In the case of a 5 wt\ 
solution of acet ic ac id in water , this heat energy amounts to at least 
19  t imes the latent heat of water , or about 21 , 000 Btu/lb of acid . 

Low- Boiling Solvents 

Ethanol serves as a good example of a low-boil ing solvent of 
current nat ional interest . 

It also exhibits a minimum-boil ing azeotrope with water . In the 
actual recovery of ethanol from fermentat ion broths , cons iderably more 
energy is required than indicated in the above s impl ist ic example , the 
result of the need for a high reflux rat io to reach concentrat ions 
approaching the 95 percent azeotrope in the "pinch region" of the 
vapor- l iquid equil ibrium diagram . Indeed , outmoded beverage alcohol 
plants have reported overall process energy needs as high as 150 , 000 
Btu/gal (Remirez , 1980) . Over recent years , much attention has been 
given to improving the recovery of anhydrous ethanol for use in 
gasohol . In newer energy- effic ient fermentat ion plants , total plant 
energy demand bas been reduced to as low as 30 , 000 - 50 , 000 Btu/gal . 
Most of this is for the recovery operat ion . 

Various other recovery methods are also be ing introduced , including 
vapor recompress ion distillat ion , mult iple - effect dist illat ion ,  
supercrit ical extract ion , azeotropic dist illat ion ,  vacuum dist illat ion ,  
extract ive dist illat ion , and sorption ( Busche , 198 3a) . A summary of 
the energy demands for some such processes  for recovering low-boilers 
is shown in Table 13 . Some form of distillat ion combined with vapor 
recompres s ion or cascaded pressure staging appears to be the current 
method of choice for producing a product at a concentrat ion up to the 
azeotrope . Such systems have been amply demonstrated in commerc ial 
pract ice . Each new case , however , should be evaluated on its own 
merits . The energy savings adaptations require addit ional heat 
exchanges , compres sors , and so on , compared with convent ional 
distillat ion . In some cases , part icularly for small plants , adding 
such equipment investment may not be just ified by the value of the 
energy saved . 

If anhydrous alcohol is needed , the new sorpt ion processes  for 
removing water from the azeotrope might be cons idered over the 
incumbent azeotropic dist illat ion process . Appra isal of these 
processes , as well as of other new approaches such as supercrit ical 
extract ion at the pilot and demonstrat ion levels , should be cont inued . 
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TABLE 13 Energy Demands for Recovering Ethanol from Aqueous Solution 

Concentrat ion 
(wt\) Energy Demand (Btu/gal) 

Energy 
Process Init ial Final Form Actual Equiv . Steam 

S imple 
dist illat ion 10 95  Steam 18 , 000 18 , 000 

Mult iple effect 
dist il lat ion 10 95 Steam 7 - 10 , 000 7 - 10 , 000 

Supercrit ical 
extract ion 10 9 1  Elec . 2 , 8 50 8 , 600 

Vapor recom-
pre ss ion 
dis tillat ion 10 95  Elec . 1 , 930  5 , 800 

Azeotropic 
dist illat ion 9 5  100 Steam 9 , 400 9 , 400 

Adsorpt ion-water 9 5  100 Steam 2 , 000 2 , 000 

Vacuum 
dehydrat ion 10 100 Steam 37 , 000 37 , 000 

Adsorpt ion-
ethanol 10 100 Elec . 13 , 000 3 1 , 300 

& steam 
S imple dist . and 

azeo . dist . 10 100 Steam 27 , 400 27 , 400 
Vapor recomp . 

dist . 
Absorpt ion 10 100 Elec . 3 , 930  7 , 800 

& steam 

aAt 33  percent steam- to - e lectric ity convers ion effic iency . 

High - Boil ing Compounds 

As indicated earl ier , the cost of distilling water from a higher 
boil ing product is prohibit ively expens ive . For example , acetic ac id and 
water are relat ively close in volat il ity . To recover glac ial ac id from a 

1 . 5  wt\ aqueous solut ion by s imple dist illat ion ,  as shown in Figure 6 ,  
would require a column operated at a very high 2 . 8  reflux rat io , at a 
steam load of 275 , 000 Btu/lb of ac id recovered (E . L .  Mongan , Jr . •  
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FIGURE 6 Recovery o f  acet ic ac id by s imple dist illat ion . 

Engineering Department , E .  I .  du Pont de Nemours & Co . , Inc . , personal 
communicat ion , 1981) . Thus , some other approach such as solvent 
extract ion needs to be cons idered in this case . 

Solvent extract ion combined with azeotropic dist illat ion for dilute 
feeds has been used for many years to recover acet ic acid in 
manufacturing cellulose acetate , vinyl acetate , and other products 
(Jones , 1967 ; Hanson , 197 9 ) . Acetic ac id could be produced from 
glucose e ither directly us ing Clostridium thermoaceticum or indirectly 
by way of ethanol us ing the older two- step vinegar process with 
Acetobacter acedti or Acet9bacter suboxidan ( Busche , 1984) . 

In e ither case , if extract ion were used to recover the product ,  the 
process would have to be operated at low pH to result in a product that 
acts as an extractable free - ac id rather than a salt . The ac id could 
then be recovered by the extract ion process shown in Figure 7 .  In the 
case of a plant that was scaled to produce 250 mill ion annual pounds of 

...,.. _ _ _ _  _ I 
EXTRACT I 

FLASH TANK 1 I 
I 
I STfiPPEA 

HEAT 
EXCHANGER 

AciiiiOUI 
...... 

FIGURE 7 Acet ic acid recovery via solvent extract ion . 
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glac ial acetic ac id and that was at the mid-point of construct ion in 
mid - 1982 , the direct investment in the recovery sect ion would have 
amounted to $57  mill ion . Product recovery costs are shown in Figure 
8 .  Reduct ions in cost could be realized with increases in product 
concentrat ion .  The concentrat ions shown range from the low 10 - 2 0  g/1 
concentrat ions expected for the Clostridium thermoacet icum system 
( Schwart and Keller , 198 2 )  to the 5 5 - 120 g/1 concentrat ions 
demonstrated by Wang for the Acetobacter suboxidans system on ethanol 
(Wang et al . ,  1978) . 

The energy demands for recovering acetic ac id by various processes 
are summarized in Table 14 . At the moment , solvent extract ion appears 
to be the process of proven choice . Recovering free acid from salt 
solut ions is much more difficult . To this end , cont inued development 
of the electrodialys is process is recommended .  Membranes that have 
improved structural integrity and ant i- foul ing characteristics need to 
be deve loped along with the process itself . 

In summary , of the commerc ially demons trated recovery processes , 
dist illat ion appears most suitable for low boilers , while solvent 
extract ion appears well suited for high boilers . A number of new 
approaches such as supercritcal extract ion , molecular s ieve adsorption , 
and membrane separat ion hold promise for further development . 

FUTURE NEEDS 

In 1977 , it became cheaper for the first t ime in 27 years to 
produce ethanol from starch instead of from ethylene . Notwithstanding 
the present softness in the crude oil market as the cost of petroleum 
rises again , it can be expected that at some future t ime the 

s.naollvity of Coat 
eo 1------1---+---l to Product Concentration 1-----+---i 

1 
l. so 
! 
s 40 I 

; 
1 30 
! 
It 

� 

250 MM PPY 
1 985 Operetoon 

Includes 30% PTROI 

20 40 eo eo 1 00  200 
Product Concentr11tlon - QIL 

FIGURE 8 Product recovery costs . 
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TABLE 14 Energy Demands for Recovering Acetic Ac id from Aqueous 
Solut ion 

Concentrat ion Energy Demand 
Cwt\l CBtu/lb) 

Feed Ini Energy Equiv . 
Process Form tial Final Form Actual Steam• 

S imple 
dist illat ion Ac id 1 . 5  100 Steam 274 , 000 274 , 000 

Melt crys tal -
l izat ion Ac id 1 . 0  100 Elec . 7 , 500 22 , 000 

Solvent 
extract ion Ac id 2 . 0  100 Steam 11 , 000 11 , 000 

Ac idif icat ion/ Elec . 
extract ion Salt 1 . 5  100 & Steam 57 , 800 79 , 400 

Vapor recom-
pres s ion 
evaporat ion Salt 1 . 0  55  Elec . 10 , 400 31 , 200 

Electrodialys is Salt 1 . 0  100 Elec . 2 , 400 7 , 200 

8At 33  percent steam- to- electric ity convers ion effic iency . 

fermentat ion of renewable material to produce other feedstocks or 
spec ialty chemicals will become viable once again .  To foster this , the 
concomitant development of new fermentat ion systems and new recovery 
processes appears crit ical to establishing a cost - competitive 
fermentation industry . 
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Bioconvers ion of Agricultural By-products in Indones ia 

Indrawat i Gandj ar 
Univers ity of Indones ia 

and 
Saraswat i 

Agency for the Asses sment and Appl ication of Technology 

INTRODUCTION 

Biotechnology , an integrated activity of a number of sc ientific 
disciplines , has long been well known in Third World countries , 
including Indones ia .  The government of Indones ia has dec ided that the 
development of biotechnology should be given high priority , with 
emphas is on health care , agriculture , and industry . In the health care 
sector , the appl ication of biotechnology is expected to fac il itate the 
product ion of ant ibiotics , human vacc ines , monoclonal ant ibodies , 
interferons , hormones ,  vitamins , prote ins , and diagnost ics . In the 
agricultural sector , the appl ication of biotechnology may benefit the 
product ion of animal feed , breeding of new plant cult ivars and animal 
breeds , production of the traditional fermented food and beverages ,  and 
ut il ization of agricultural by-products . In the industrial sector , 
biotechnology will greatly help in the product ion of biomass from 
agricultural by-products , product ion of high-value chemical compounds 
as well as solvents ,  and treatment of industrial and munic ipal wastes . 

PRESENT UTILIZATION OF AGRICULTURAL BY- PRODUCTS 

Current R&D Programs 

R&D programs are now under way at various Indones ian univers it ies 
and government and private research institutes .  Because each 
inst itut ion usually has its own program , there is l ittle coordinat ion 
among inst itutions and thus cons iderable dupl ication of effort . 

Host research is aimed at improving existing technologies for the 
ut il izat ion of agricultural products or by-products . Examples include 
improving fermentat ion technology for manufacturing the tradit ional 
fermented foods and beverages from pulses and starch-rich food crops , 
improving the ens il ing process of l ignocellulos ic wastes and trash fish 
for produc ing animal fee d ,  and improving the fermentation process for 
produc ing alcoholic drinks from rej ected fruits . 

A number of state -run and private factories use the fermentat ion 
process to manufacture such products as ethanol , c itric acid , 
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monosodium glutamate , s ingle - cell prote in ,  and the tradit ional 
fermented foods and beverages . Since before World War II , cane sugar 
refineries have produced ethanol as a s ide product , ut il iz ing molasses 
as the raw material . The plant recently opened by the Agency for the 
As sessment and Appl ication of Technology (BPPT) in Lampung , however , is 
des igned solely for ethanol product ion , ut iliz ing cas sava as the 
feedstock . All of the monosodium glutamate sold in Indones ia is 
produced by privately owned large fore ign companies or the ir 
subs idiaries . The same is true of the plants in l.ampung that produce 
c itric acid from tapioca wastes . In contrast , most of the plants that 
manufacture the tradit ional fermented foods are small and lack 
sophist icated technology , but they are owned by Indones ians . 

Manpower 

Because Indones ian univdrs ities do not offer degrees in the 
disc ipl ines that support biotechnology- -for example , microbiology , 
biochemistry , genet ics , and biochemical engineering- - the number of 
sc ient ists who have rece ived training in one of the various disciplines 
of industrial biotechnology is very small . The s ituat ion is even worse 
when count ing only those individuals who devote full t ime to the ir 
sc ientific specializat ion ; most are engaged in administrative 
activit ies . Trained technic ians are also scarce . Here , too , the 
s ituat ion is not improving because the number of schools for training 
these technic ians is still l imited . Furthermore , graduates usually 
prefer to work in the private sector rather than in government research 
institut ions . 

Facilit ies 

In most cases , the R&D fac ilities of governmeD� institutions are 
better than those of univers ities . They are usually not in good 
condition , however , because of a lack of funds for ma intenance . As 
privately owned fac ilities do not have budget constraints ,  they are in 
much better shape . 

A lack of l ibrary and documentation fac ilities also l imits the 
proper development of biotechnology in Indones ia .  The few that exist 
are usually not well supplied with the current biotechnology literature 
or research results . 

FUTURE PLANS 

R&D Programs 

The amount of by-products and waste generated annually by the 
agricultural sector is approximately three to five t imes the product 
itself . What can therefore be done with this biomass to give it 
economic value ? 
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Cons idering the many components that make up these by-products , it 
seems vise to class ify the latter according to those components that 
could be developed further :  

o Starch and cellulose :  tapioca , cornstarch , sago palm starch , 
r ice straw and hulls , sugarcane bagasse , wood chips , palm 
kernels 

o Sugars : molasses 

o Oil or lipids : palm oil press  cake , coconut press cake , 
soybean oil press  cake 

o Protein : trash fish and shrimp , s laughterhouse wastes . 

Based on these components , the kinds of products that could result , 
and the market potential of these products , it is then poss ible to 
devise the appropriate R&D programs . Programs that seek to produce the 
following appear to be feas ible and profitable : 

o Single - cell prote in and biomass for animal feed 

o Industrial enzymes , especially hydrolases 

o Ant ibiot ics - - tetracycl ine , penic illin ,  erythromyc in , kanamyc in 

o Steroid drugs 

o Vitamin s12 through fermentat ion 

o Fish prote in from fish scraps 

o Supercrit ical extraction-based products such as vitamin A/B 
carotene (crude palm oil) , coconut oil , soy oil , and 
decaffe inated coffee and caffe in from coffee . 

In implement ing the above programs , maximal ut il ization should be 
made of exis ting fac il it ies in univers it ies and government institutes . 
Where the required facilities are not available ,  it is advisable to 
locate them in the new R&D center for biotechnology nov under 
construct ion at Cibinong . 

It is imperat ive that the private sector and state enterprises be 
encouraged to embark on ventures in bioindustries in cooperat ion with 
government R&D inst itutes and univers ities . If necessary , joint 
ventures with an overseas partner can be undertaken . An example of 
cooperat ion among various government R&D inst itutes , univers ities , and 
indus try in Indones ia is shown in Figure 1 , while a scheme of 
cooperat ion between Indones ian R&D inst itutes and fore ign counterparts 
is presented in Figure 2 . 
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FIGURE 1 Scheme of cooperat ion among various government R&D 
ins titutes , univers ities, and indus try . 
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FIGURE 2 Scheme of cooperat ion between Indones ian R&D inst itutes and 
fore ign counterparts . 
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GENERAL RECOMMENDATIONS OF THE NRC PANEL 

Charles C .  Huscoplat 
Cha irman , NRC Panel 

The intens ive sess ions and field trips held with the Indones ian team 
members and the ir leaders during this five - day workshop gave the U . S .  
Nat ional Research Counc il (NRC)  pane l an excellent opportunity to observe 
firsthand the capabil it ies and ongoing proj ects in the agricultural 
biotechnology area . This inc luded a stop in central Sumatra where the 
panel vis ited a palm oil estate to observe the ir res earch activit ies , as 
well as a palm oil factory . Vis its were also made to Bogor Agricultural 
Univers ity , the Food Research Inst itute in Bogor , and several da iry 
farms . The latter included a dairy in a small village as well as 
exper imental research farms such as Tapos . 

These vis its allowed the U . S .  pane lists to meet with the ir Indone s ian 
colleagues undertaking research in the four areas of biotechnology that 
were cons idered by this workshop : embryo transfer and animal product ion , 
plant cell and t issue culture , plant nitrogen fixat ion , and bioconvers ion 
of agricultural by-products . In general , the NRC panel found these 
individuals to be highly mot ivated , indus trious , tenac ious , and , within 
the l imits of the ir tra ining , very capable . Indeed , the work that the se 
sc ient ists are currently undertaking has provided an excellent tra ining 
ground for sharpening individual skills . 

Present capabilities - - though l imited by the inadequate number of 
personnel , levels of training , research materials , and laboratory 
fac ilities - - are nonetheless sufficient to undertake important proj ects and 
make s ignificant contributions to the progress of the Indones ian economy . 
To maximize this potent ial , however , a number of aspects need cons iderable 
strengthening . The general recommendations of the NRC panel are listed 
below . These  recommendat ions are supported by the observat ions and 
findings of the working groups , whose spec ific recommendat ions follow . 

1 .  In the area of applied agricultural research , a priority- setting 
mechanism involving both sc ient ists and pol icymakers should be 
es tablished to al locate resources correctly . The criteria for 
setting prior ities might inc lude : nature of the problem , 
economic impact ,  human impact , technical fea s ibil ity within 
des ired t ime frame , available sc ientific phys ical and human 
resources , environmental factors , and internat ional or nat iona l 
factors . The obj ectives selected for each priority should be 
limited , and s ignificant effort should be focused on each 
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priority to ensure success . The panel noted that some of the 
working groups tended to attempt too many diverse proj ects , 
thereby diluting efforts to nonproductive levels . 

2 .  G iven the relat ive lack of equipment , laboratory space , and 
operating capital in the areas the team vis ited , the panel 
strongly suggests establishing incentives for collaboration 
among laboratories to solve common problems . Such incentives 
should provide for intellectual collaborat ion , as well  as 
sharing of equipment , supplies , and even fac ilities . Research 
grants or equipment can be provided to those groups 
demonstrating the strongest collaborat ive program . Research at 
univers ities and educat ional inst itut ions should compete 
equally with research in other agenc ies of the government such 
as the Ministry of Agriculture . The panel believes that over 
the long term Indones ia must be self- suffic ient in providing 
for tra ining of human intellectual resources . Thua , it is 
important that agricultural educational inst itut ions rece ive a 
s ignificant opportunity for e ither greater direct financ ial 
support or access to fac ilities , equipment , and human resources 
via collaboration with other government agenc ies or the private 
sector . 

3 .  Because it understands the difficulty of traveling to fore ign 
sc ientific meetings and the scarc ity of l iterature , the panel 
recommends that a program of organized sc ient ific exchange be 
established within Indones ia to provide a forum for 
collaborat ion and communication . Such a program may resemble 
the beginnings of a sc ientific soc iety . The panel noted that 
many of the individuals attending the workshop had never had 
the occas ion to meet together except under informal 
circumstances . The cost of establishing such a sc ientific 
interaction would not be great , but the benefits would be 
substantial . 

4 .  The panel vas concerned that the various scholarship programs 
are burdened with lengthy administrat ive procedures which can 
discourage young sc ient ists . Every attempt should be made to 
streamline the grant ing of scholarships to deserving students 
for training abroad . In addit ion , funds should be sought to 
support these young sc ientists and the ir research while the ir 
papers are being processed . We understand that often these 
individuals cannot afford to wait until the scholarships are 
awarded .  Thus , the ir services are lost to the research 
community . 
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5 .  A task force should be established to initiate a grants program 
through the Indones ian Nat ional Research Counc il and to solicit 
monies such as PL 480 funds for research and collaborat ion in 
Indones ia .  
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SVMMARY OF CONCLUSIONS AND RECOMMENDATIONS 
OF TBE WO&KING GROUPS 

EMBRYO TRANSFER AND ANIMAL PRODUCTION 

1 .  Establ ish priority- setting mechanisms and reasonable , quant itat ive 
goals for an embryo transfer and animal production program . 

2 . Inventory current skills and needs to fac il itate making 
recommendat ions for future training . 

3 .  Establ ish by the end of calendar year 1986 an embryo transfer and 
animal production working group cons isting of relevant disc iplines . 
This working group will promote embryo transfer technologies and 
related biotechnologies as a step toward establ ishing an inventory , 
promoting conservat ion , and improving germ plasm . The germ plasm 
should then be made available to the end users . This group must 
meet at least two to three t imes each year to discus s priorities , 
results ,  and manpower allocat ions . It should propose future 
manpower needs and training areas and establ ish collaborat ion or 
j oint research programs with other countries . The working group 
should also be respons ible for establishing a center to disseminate 
informat ion on the progress  and priorities of research in this 
area . Such an informat ion center could also promote the sharing of 
resources and fac ilities and help establ ish appropriate 
collaboration . 

5 .  Establ ish a nat ional center for embryo transfer and animal 
production .  

PLANT CELL AND TISSUE CULTURE 

1 .  Establ ish a mechanism for determining which research and crops 
should have highest priority and for monitoring research progress . 

2 . Before research is begun , determine who will use the research 
results and establ ish relat ionships that fac ilitate the transfer and 
use of results . 
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3 .  Provide support and infrastructure to promote research 
collaborat ion among univers ities , government laboratories , and the 
private sector . Benefits would include rapid progress  and minimal 
dupl ication . Support is needed in the form of annual profess ional 
meetings held in- country , travel funds to permit part ic ipat ion in 
meet ings , and rece ipt of sc ient ific j ournals . 

4 .  Hold meet ings of the Indones ian plant cell and t issue culture 
working group at least once each year to review research results , 
establ ish new obj ectives in this area , and review manpower needs . 

5 .  Cont inually assess manpower needs so that appropriate training both 
in Indones ia and abroad is provided in a timely manner . 

6 .  Promote increased cooperat ion between Indones ian and U . S .  experts 
to advise on graduate research , conduct short - term training 
programs , and exchange ideas and observat ions . 

7 .  Invite experts from U . S .  companies to ass ist in preparat ions for 
large - scale plant product ion . 

8 .  Explore the poss ibil ity of obtaining research grants for work in 
plant cell and tissue culture and crop improvement . U . S .  experts 
could be involved in the review of proposals and the progres s  of 
funded research . 

9 .  Es tabl ish criteria for evaluat ing proj ects such as the following : 

o Name of crop 
o Total value of crop : Monetary value per hectare ? Calorie 

content ? Prote in content ? For animal or human consumpt ion? 
Export commodity or for domestic use ?  

o Obj ect ives (e . g . , plans to breed for drought res istance ) ?  
o Amount of t ime needed for research to accompl ish obj ect ive ? 
o Resources needed to init iate and accomplish obj ect ives ( e . g . , 

personnel ,  equipment , suppl ies ) ? 
o Which researchers , government organizat ions , or private 

enterprises will use the results of successful research? 
o Is R&D be ing undertaken elsewhere , either in- country or 

abroad? 

PLANT NITROGEN FIXATION 

1 .  Obtain the two most cruc ial kinds of government support needed to 
deve lop and sustain qual ified researchers : 

o Two - to three -year grants to cover the cost of "housekeeping" 
operat ions ( i . e . , ordinary chemicals , glassware , and minor 
equipment ) .  The lack of such grants currently prevents 
researchers , part icularly at univers it ies , from making 
reasonably product ive use of the ir training and abilit ies . 
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o Funding for a national sc ient ific and technical library . The 
present informational problema are extremely serious , but they 
could be solved rather inexpens ively through establishment of 
a s ingle nat ional technical library that provides rapid mail 
distr ibution of photocopies of title pages of incoming 
materials and free copies of ent ire chapters or articles when 
requested . 

2 . Establish a government agency to monitor the qual ity of microbial 
inoculanta provided to farmers and to conduct rigorous testa of 
inoculant effectiveness . In addit ion , initiate a system for 
distributing qual ity- controlled inoculum to the estates and farms 
that need it . 

3 .  Cons ider regional production of inoculant to minimize 
transportation constraints that might shorten ita shelf life . 

4 .  Open inoculant production to private enterprise interested in the 
venture . 

5 .  Develop existing facilities at the bea t - equipped inst itut ions so 
that they can function as culture collect ion centers . 

6 .  Organize a core group represent ing the different disc iplines 
supporting biological nitrogen fixat ion . The group should meet 
periodically to exchange scientific information (research progress 
and prospects ,  constraints) . ident ify relevant research , and 
establ ish priorit ies . In addit ion . a sc ient ific meeting on 
nitrogen fixation should be held annually and funds made available 
for all researchers in this area to attend . 

7 .  Emphas ize those areas of plant nitrogen fixation that would have an 
immediate impact .  For example : 

o Development of microbial inoculanta for agriculture includes 
the question of biocontrol of plant peats and disease and the 
area of mycorrhizal symbios is . Given the heavy independence 
of Indones ia on trees , it would be quite s imple and extremely 
coat-effect ive to inoculate every seedl ing with an appropriate 
mycorrhizal fungus . This step could provide direct economic 
benefits in addition to those of tissue culture cloning 
quickly and inexpens ively . 

o Plant peats and diseases routinely cause 15 - 30 percent losses 
in crop yields in moat countries . Because chemical methods 
for peat and disease control require expens ive imports . the 
development of inexpens ive . locally grown microorganisms for 
uae aa biocontrol agents would be a clearly des irable research 
proj ect . 
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8 .  For adequate support of future research and development in 
biological nitrogen fixation and agricultural microbiology , rapid 
development of the follovin& scientific disciplines is needed : 
microbial phys iology and molecular genetics , general and plant 
biochemistry , plant physiology , breeding , and plant molecular 
genetics and soil sciences . 

9 .  To s trengthen current scientific cadres ,  include departments of 
microbiology and biochemistry in the leading Indones ian 
univers ities . In addition , improve the existing curricula for the 
undergraduate training for scientists and to produce qualified 
technicians . 

10 . Arrange further Indonesia-U. S .  cooperation in biological nitrogen 
fixation through j oint cooperative research which could be of 
mutual benefit and executed in either the United States or 
Indonesia .  This cooperation would involve scientists from both 
countries , as well as the assistance of U . S .  experts . These 
experts would function as research counterparts ;  review , evaluate ,  
or direct research ; and conduct abort courses on specific 
laboratory techniques . 

BIOCORVEBSIOB OF ACRICOLTDIAL BY-PRODUCTS 

1 .  Establish a cleartngbouse to exchange and provide information on 
the bioconvers ion of agricultural by-products . 

2 .  Undertake training of a substantial number of scientists in the 
various disciplines underlying biotechnology to meet the manpower 
requirements of the R&D programs as well as the production 
activities . Qualified technicians .nat be trained as well . 
Training in some of these disciplines could be provided by some of 
the leading univers ities in Indonesia ,  but training in molecular 
biology , biochemistry , and biochemical engineering , for example . 
must be sought overseas . Priority should be given to training 
bachelor degree- level problem solvers , particularly chemical 
engineers who can design and operate pilot facilities and 
commerc ial plants . An estimate of the minimal manpower 
requirements for developing programs in single - cell protein , 
enzymes , antibiotics , steroid compounds , and vitamins is shown in 
Table 1 .  

3 .  In the meantime , mobilize the available experts to start work on 
programs that will eventually expand When more manpower and 
facilit ies are made available .  An on-the -job training prograa 
should be initiated in the overall fraaework of teclmology 
transfer . 

4 .  Equip existing research laboratories ,  aovazmaent institutes , and 
universities with the basic inatraaents Deeded to conduct R&D 
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Scientist/ 
Single-cell 

protein a 

Specialist Expl, .  Dey. Can. 

Microbiologist 3 (4 ) 1 

Eoornni.st 1 ( 1) 

organic 
dlemist 1 (1)  

Olemist 
ergineer 2 (2)  3 (8) 2 ( 16)  

Molecular 
geneticist 1 

Alannacist -

Veterinarian I 
animal husbardry 1 ( 2 ) 

Medical 
doctor 

Note: ( ) • technician. 
a • fennentation process. 
b • extraction process . 

Enzymes a 

ExJ?l. Dev. can. 

2 (4)  1 

3 (3 )  3 

3 (2 )  1 

1 (2 )  3 (8 )  3 ( 16) 

2 -

- -

- -

- -

Ant ibio t ic s  
Steroids a 

Expl. Dey. Cgn, 

3 (4)  

3 (3 )  

2 (1) 

1 ( 2 ) 

2 

2 (2 )  

1 

1 

TABU: 1 

1 

1 

1 

3 (8)  3 ( 16) 

-

2 (6) 3 ( 16) 

1 

1 

Vitamin 
Bu a 

Expl. DeV. can. 

2 (4)  1 

3 (1) 1 

3 (2 )  1 

1 ( 1) 3 (8)  3 ( 16) 

2 

1 (2 )  2 (6) 3 ( 16) 

1 1 

1 1 

Minimal Manpower Requirements for Developi.rg R&D Programs in Si.rgle-oell 
Protein, Enzymes , Antibiotics , Steroid OcJtp:x.ln:ls, am Vitamins 

Vitamin Ab 
co12 

Exol. J)eV, Cgn, 

1 (2)  1 1 

1(1) 1 '1 

1 (1) 1 1 

3 (2) 4 (8) 3 (16) 
\D 
� 

2 1 1 
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prosrama 1D biotechnology . Vhen ezpens ive 
it should be placed at a central locat ion . 
equipment needed for pretreatment� product 
fermentation pilot plant . 

equipment is required , 
This could include the 

recovery , and a complete 

S .  Improve the existing bioindustries - - sueh as those for the 
product ion of alcohol , citric acid , and monosodium glutamate - - in  
terms of process technology and strain improvement . 

6 .  Formulate a plan for developing the strategic bioindustries that 
would enhance national resilience in the fields of food and animal 
feed , health , and essential basic chemicals .  An example of 
integrated utilization of straw or other cellulos ic by- products 
to produce useful materials through biotechnology is shown in 
Figure 1 .  

7 .  Establish rules and regulations for genetic manipulation . 

8 .  At least once each year hold a meeting of the working group on the 
biocouversion of agricultural by-products to discuss priorities and 
results .  Individuals vorkin& together on a specific proj ect should 
meet at least four times a year • 

._. cldpe 
Ilea. �. aDd bulb 

Pala kemela 
s.- ��ac-

(Pu . ..IIA) 
Alliaa1 ,... ---

J, 
Cellulosics 
pretru-t 

(S'9ftC%'1 tical 
_Dia, •t� . )  

� II) 
! 

EaZ1Utic 
�•lll&loaica 

eo-u 
Crude I CoffH 

pala oil �ybe/ Supercritical 
atra�tioa 
tKIIDol011 

leta-caroci 1 J, � 
aDd vitaaiD A Soy oil De�affeiuted 

�ODUt oil �offee aDd 
�•ff•1D• 

FICUU 1 Seh... shori.Da the production of eheaieals froa aaric:ultural 
by-proc!acts . 
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APPENDIX A 

Report of the Biotechnology Steering Committee 

A. H. Satari , Vice Chairman 

Deputy Chairman for Bas ic and Appl ied Sc iences ,  
Agency for the Assessment and Applicat ion of Technology 

It is both a pleasure and an honor for me , as chairman of the 
workshop steering committee , to extend a s incere welcome to all of you 
honoring us with your presence at the opening of this Workshop on 
Biotechnology in Agriculture . OUr warm greetings and apprec iation go 
espec ially to the part ic ipants from the United States as well as from 
Indones ia who will share their invaluable knowledge , experiences , and 
ideas during our two- day discus s ions . 

This workshop is one of many cooperative activities held by the 
U . S .  National Research Counc il and the In�es ian National Research 
Counc il s ince the Sympos ium on Potent ial Indone s ia-U . S .  Collaborat ion 
in Sc ience and Technology vas held in Washinaton ,  D . C . , in October 
1983 . One of the priorities recommended at that sympos ium vas a 
cooperat ive program in biotechnology and related fields . 

This is the second workshop held on this subj ect : the Workshop on 
Marine Algae Biotechnology vas held Deceaber 11 - 13 , 198 5 . At that 
meet ing , matters related to the cultivation , process ing , and aarket ing 
of mar ine algae were discussed , and joint recommendations were made to 
the Indones ian governaent . 

The present workshop will focus on four topics : 

1 .  Animal breeding with emphas is on embryo transfer 
2 .  Plant cell and t issue culture 
3 .  Plant nitrogen fixat ion 
4 .  Bioconvers ion of agricultural by-products . 

The discuss ions will begin in plenary sess ion ,  and meetings of the 
working aroups will follow . It is expected that the discuss ion of each 
topic will include R&D programs , the appl ication of biotechnology and 
its priorit ies , feas ible U . S . - Indones ia cooperat ion in its 
implementat ion , and education and trainina . 

Members of the Workshop Steerina Committee were Didin S .  Sastrapradj a ,  
Chairman : Haryanto Dhanutirto ; A .  A .  Loedin ; K .  H .  lho ; Setiat i D .  
Sastrapradj a ;  Susono Saono ; A .  H .  Satari ; Sediono H .  P .  Tj ondronegoro : 
Charles C .  Huscoplat ; and Rose Bannigan . 
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Ve invited about SO persons to part ic ipate in this workshop - - s ix 
part ic ipants from the United States and 44 from Indones ia .  Prevorkshop 
vis its have also been organized , permitting the participants to observe 
the existing fac ilit ies  and obtain firsthand informat ion from 
sc ient ists in the respective fields . Vis its vera made to Madan on 
March 10 to observe the act ivities at Maribat aesearch Station , to 
Bogor on March 11 to aeet sc ientists at Bogor Agricultural Univers ity 
and to look at their experimental research act ivities , and to Tapos on 
March 12 to vis it the cattle breeding experiment stat ion . Even though 
these act ivit ies represent only a few of those being developed in 
Indones ia ,  ve hope that participants obtained an overview of the 
efforts be ing made to apply b iotechnological methods in this country . 

The steering committee is fully aware of the long road ahead before 
Indones ia can aake opt imal use of the newly discovered methods of 
biotechnology engineering . It is therefore our s incere hope that this 
workshop makes a s ignificant contribut ion to speeding up 
biotechnological development in Indones ia by suggesting concrete and 
feas ible recommendations for actions . 

Finally , allow me to take this opportunity to offic ially extend our 
gratitude and appreciation to the U . S .  Rational aesearch Counc il for 
the ir support , to the U . S .  and Indones ian part ic ipants for the ir act ive 
part ic ipation , to the Office of the Minister of State for aesearch and 
Technology , to the Agency for the Asses sment and Application of 
Technology , to the secretary and his staff of the Indones ian National 
aesearch Counc il , to the organiz ing committee , and to all those who in 
one way and another have made this workshop pos s ible . 
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APPENDIX B 

Opening llemarks 

llichard A .  Cobb 
Chief , Office of Agriculture and llural Development , 

USAID Miss ion in Indones ia 

The U . S .  Agency for Internat ional Development [USAID ] is 
part icularly pleased to support this cooperat ive program of the 
Indones ian Nat ional llesearch Counc il and the U . S .  National llesearch 
Counc il . Ve bel ieve that the first workshop held last December on the 
biotechnology of marine algae vas a success , and ve look forward to the 
outcome of this workshop . USAID has been support ing agricultural 
research in Indones ia for the past 10 years , and it will cont inue 
proj ects on food crops and agricultural research through the next 
decade . 

This discus s ion of biotechnology in agricultural research is very 
timely ,  because biotechnology will likely become the foundat ion of a 
nev revolut ion in agricultural research and development through the 
rema inder of the century . Looking back to the 1960s , the "green 
revolut ion" paved the vay for substant ial increases in crop 
production .  It vas , however , limited to a fev crops and shoved the 
greatest yield increases in irrigated areas . The effects of the green 
revolut ion , which rel ied on the traditional plant breeding techniques ,  
vera largely achieved by the mid- 1970s . Over the past 10 years , there 
have been addit ional attempts to apply the agricultural practices built 
around high-yielding variet ies in the small holder sector . Spec ial 
attent ion has been given to research and extens ion through research on 
farming systems . Some necessary and important work is taking place , 
but the strides forward in farming research have been very modest to 
date . 

Biotechnology , part icularly the work in molecular biology that led 
to the techniques of plant cell and t issue culture , offers some 
remarkable pos s ibilities . For example , t issue culture is becoming 
increas ingly important as a vay of increas ing the speed and effic iency 
of germ plasm evaluat ion . It can expand vastly the geographic sphere 
of adaptable cereal grain variet ies , part icularly in areas where soil 
or ra infall is marginal . In addit ion , biotechnology is applicable to 
any l iving organism and opens up an ent ire range of crops that 
tradit ional breeding cannot accommodate . Clearly , biotechnological 
advances in agriculture offer poss ibilit ies  that surpass what has been 
pos s ible from the green revolut ion and farming systems research . 

There are , however , some implications of biotechnological research 
and appl icat ion that differ s ignificantly from those of the green 
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revolut ion . The most important of these has to do with the respective 
roles of private capital and public agencies .  

The maj or advances in the l ife sc iences are nov on the verge of 
being commerc ial ized . Four important areas of technological change 
that will affect global agriculture - -plant genet ic manipulat ion , 
industrial t is sue culture , genet ically engineered animal products , and 
use of genet ically manipulated microorganisms to produce or displace 
agricultural products - -have occurred as a result of heavy investment by 
agricultural genetic engineering firms in several countries . In 
part icular , maj or investments have been made by petrochemical and 
pharmaceut ical companies in seed- related technologies ,  cloning of 
diseas e - res istant potatoes , soybean and cotton breeding , animal 
production ,  tomatoes , tobacco , and forest products . In comparison with 
green revolut ion technologies , the instrumentat ion , fac ilit ies , and , 
most important , the personnel required for biotechnological R&D and 
production are re lat ively expens ive . This , combined with the fact that 
there is a broad range of areas over which biotechnology appears to be 
commercially exploitable , means that the private sector - - transnat ional 
corporations - -will have a large role in both the development and 
product ion of biotechnologies in the future . At the same time , it is 
l ikely that the internat ional agricultural research centers , which were 
the centerpiece of the green revolution , will have a diminished role . 
Fiscal austerity has limited the abil ity of internat ional centers to 
expand beyond the ir convent ional plant breeding programs . Thus , 
biotechnology , part icularly cell and tissue culture , is essent ially 
transferr ing agricultural act ivit ies to the factory . 

What are the impl ications for Indones ia? The effect of 
biotechnology on agr icultural production could be profound . 
Transnat ional pharmaceut ical and chemical companies , genet ic research 
f irms , and univers ity laboratories are pursuing the deve lopment of 
bioengineered plant crop varieties across the spectrum of world crops . 
Research presently under way in the following areas has direct 
relevance to Indones ia :  varietal improvement ; achievement of nitrogen 
fixat ion in nonleguminous crops ; enhancement of photosynthet ic 
activity ; manipulat ion of growth regulators ; improved stress tolerance 
to drought , salinity , ac idity , and other soil condit ions ; and pest and 
pathogen resistance . The development of variet ies  that use water more 
effic iently will enable marginal areas to become more productive 
without recourse to expens ive irrigat ion . Achievement of nitrogen 
fixat ion in rice or maize could greatly reduce subs idies for 
fert il izer . Pest -re s istance characteristics would lover the cost of 
chemical inputs .  These pos s ibilities present far- reaching consequences 
for the development of agriculture in the eastern is lands of 
Indones ia .  In addition , forest  spec ies presently be ing genetically 
engineered for rapid growth would have important impl ications for soil 
stabil ization and eros ion control problems in many upland areas of the 
country . 

The use of biotechnology presents some challenges ,  however .  I will 
mention three . First , the trans it ion from sc ience to commerc ializat ion 
will have to be made in Indones ia as elsewhere . Investments in 
biotechnology are be ing stimulated by demand in the marketplace . 
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The relationship between the consumer and biotechnological development 
will therefore have to be clearly drawn and understood . This means 
l inkages with commerc ial expertise for market analys is , training , and 
attent ion to qual ity control and reliable levels of output . 
Recommendat ions were made in these areas following the marine algae 
workshop in December . Specific recommendat ions and follow-up actions 
from this workshop will also be important . 

Second , over the long term there are questions of equity . The 
development of biotechnology is market driven . Thus , corporat ions are 
inves t ing heavily because they can sell the products of technologies . 
Indones ia will have to deal with the quest ion of how the benefits of 
biotechnology , both employment opportunities and the appl ication of the 
sc ience , can be spread as widely as poss ible to help the unskilled 
workers and small- scale farmers in les s - advantaged areas of the 
country . 

Third , there is a quest ion of the proper role of the Indones ian 
public sector - -namely ,  the agricultural research community- - in 
biotechnological research . Many institut ions are involved :  BPPT 
[Agency for the Asses sment and Appl ication of Technology] , LIPI 
[ Indones ian Inst itute of Sc iences ] ,  AARD [Agency for Agricultural 
Research and Development ] ,  and the univers ities . How should the role 
of these organizations change ?  What investments are neces sary? What 
act ions need to be taken by the government to assure that public 
technology transfer programs meet the agricultural product ion goals of 
the country? 

We look forward not only to the report of this workshop but also to 
the appl icat ion of its del iberations . Please accept my best wishes for 
a very successful workshop . 
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APPENQIX C 

Keynote Address  

Doddy A .  Tisna Amidj aj a 
Vice - Chairman , 

Indones ian National Research Counc il 

Allow me to first convey a message of deep regret from the chairman 
of the Indones ian Nat ional Research Counc il ,  Dr . B .  J .  Habibie , who 
also serves as our minister of state for research and technology , for 
not be ing able to be with us today . He had to attend to urgent matters 
in Europe . He expressed , however , his very keen interest in the topics 
and is sues to be discussed , and he would apprec iate be ing informed in 
detail about the outcome of the discuss ions . 

On his behalf and as part of my funct ion as vice - chairman of the 
Indones ian National Research Council , I have the privilege and pleasure 
of joining the previous speakers in extending our heartfelt welcome to 
all of you honoring us with your presence at the opening of this 
Workshop on Biotechnology in Agriculture . My warm greetings and 
apprec iation espec ially go to our U . S .  guests and eminent scholars , who 
will share the ir invaluable experience , knowledge , wisdom , and ideas 
with their Indones ian counterparts during this two - day meet ing . 

As reported by the chairman of the steering committee , the 
organizat ion of this workshop is within the framework of a 
long- standing cooperat ive arrangement between the U . S .  Nat ional 
Research Counc il and Indones ian sc ientific inst itut ions and const itutes 
one of a series of its endeavors . Thus , it is probably beneficial that 
we recall at this juncture the earl ier cooperative scientific endeavors 
between the U . S .  National Research Counc il and Indones ia ,  with the hope 
that this refreshed awareness of our past fruitful aeet ings will evoke 
in the coming two- day sc ient ific dialogues a he ightened vivac ity . 

In the spirit of the planned and well-programmed nat ional 
development of Indonesia ' s  new order , we cons ider the 1968 Workshop on 
Food , sponsored by the U . S .  National Research Counc il and the 
Indones ian Inst itute of Sc iences ,  an important milestone in this 
long - standing sc ient ific relat ionship . The findings of that workshop 
played an important role as a source of reference in the formulat ion of 
a food pol icy for Indonesia ' s  first five -year development plan 
(REPELITA I ,  19 6 9 - 1974) . In later years , workshops on industrial 
research , natural resources ,  rural productivity , etc . , were followed up 
by many activities . 

I would like to ment ion especially the November 1982 Panel 
Discus s ions on Sc ience and Technology Planning and Forecasting for 
Indones ia :  Special Emphas is on Manpower Development . These 
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discus s ions were jointly sponsored by the Indones ian Ministry of State 
for Research and Technology , the Indones ian Inst itute of Sc iences 
[ LIPI ] , and the Board on Science and Technology for International 
Development of the U . S .  Nat ional Research Council . These panel 
discus s ions produced .important recommendat ions on biotechnology and 
agro- industry which should be cons idered by this workshop as a baseline 
in formulat ing realistic development strategies in view of the current 
preva il ing economic climate of the country . This climate exerts a 
strong influence on the financial and budgetary pol icies for 
development programs in the current REPELITA , with an extended recovery 
t ime l ikely to reach a " takeoff" condition that will accelerate 
implementation of development programs in the following REPELITAs . 

In August 198 3 ,  the Vorkahop on Planning , Monitoring , and 
Evaluat ion of Research and Technology in Indones ia vas held , followed 
in October 1983 by a sympos ium on potent ial Indone s ia-U . S .  
collaborat ion in sc ience and technology . The moat recent workshop , as 
reported by the steering committee , addressed marine algae 
biotechnology and vas held in December 1985 . I also had the honor of 
opening that meet ing . 

The cont inuing growth of Indones ia during these last two decades 
has undeniably meant more welfare and progress  for the country as a 
whole . Some dominant factors , however , that sustain the l ivelihood of 
soc iety- - such as populat ion increases and the rat ional management and 
ut il ization of natural resources - - are not yet fully under control , 
because the prerequis ites and infrastructure have not yet been fully 
met . 

Indonesia ' s future development will depend heavily on its abil ity 
to use sc ience and technology effectively ,  espec ially in the 
util ization of Indone s ia ' s  endowments of natural as well as human 
resources . To quote Dr . Habibie : "Our natural and human resources 
have to undergo value -added processes , to be turned into high-value 
economic commodities and highly competent productive profess ionals and 
skilled c it izens . "  

It is true that Indones ia ,  through constant intens ive and extens ive 
efforts and many years of planning and hard work on the agronomic as 
well as organizational aspects , has finally in this fourth five -year 
development plan achieved self- suffic iency in rice product ion . Its 
stabil ity has not been proven , however ,  and there are still many 
factors prevail ing in all phases of the agricultural process  that must 
be improved and establ ished . Indeed , the current five -year development 
plan ( 1984- 1989 ) continues to stress  the agricultural sector , 
emphas iz ing industries to process raw materials . It also promotes 
industries that produce machinery for agricultural and agro - industries 
and for l ight and heavy industries . In the meant ime , the price of oil 
is dropping . Thus , more emphas is has been placed on increas ing the 
product ion of non-oil commodit ies , espec ially for export purposes , 
which requires that they be compet itive and of high qual ity . The use 
of national products is also be ing urged .  

The rapid development of biotechnology in the developed countries 
has demonstrated a cons iderable impact on different industries . At the 
same time , while certain nuclei exist in several Indones ian sc ient ific 
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inst itut ions , the Indones ian government has issued directives that 
biotechnology should be developed to sustain agro- industriea , health 
care and pharmaceut icals , chemicals , and biomass convers ion . 

In fact , biotechnology vas used early in Indonesia ' s  civil ization 
in , for example , the product ion of � ( soya sauce ) ,  � .  and brem 
( Balinese vine) . The products urgent ly needed nov from biotechnology , 
however , range from enzymes , pharmaceut icals , and certain chemicals to 
biomaterial& such as frozen embryos , which are for the moat part 
imported . Ve are aware that Indones ia has enough raw materials to 
fulfill her own needs only if we can master biotechnology . It is 
understood , however ,  that certain prerequis ites and the infrastructure 
for ita development must be established to realize this wish . 

At present , research and development act ivit ies a imed at some 
aspects of biotechnology are growing in research inst itutions , 
univers ities , and certa in laboratories of private industries . A 
limited research staff with special izat ion in related fields of sc ience 
that sustain biotechnology- -biochemistry , microbiology , genetics , and 
embryology , for example - - is available . Furthermore , certain techniques 
have been mastered in several laboratories , such as tissue culture and 
certain sophist icated biochemical procedures and biological 
manipulation . These inst itut ions are also attempting to send potent ial 
staff abroad for tra ining in selected techniques or for academic 
studies in the field of biotechnology . 

The Indones ian government is making efforts to stimulate the growth 
of research and development and the appl ication of biotechnology in 
Indones ia .  An interdepartmental committee has been establ ished by the 
minister of state for research and technology to formulate a strategy 
for the development of biotechnology in Indones ia .  The construct ion of 
integrated facilities has been init iated in Cibinong . To support this 
planned Center for Biotechnology , LIPI is sending a number of staff 
abroad for training courses and academic studies in various disciplines 
that will support this program on biotechnology in the future . 

Indeed , the watchword in biotechnological development is 
well- funct ioning , effective coordinat ion among institut ions , especially 
univers ities , national research laboratories , and industries . Programs 
should be establ ished not only in the inst itut ion-building phase (that 
is , manpower and fac il ity development ) ,  but for all the operat ions as 
well . Moreover , in addit ion to the common fac ilities of the 
biotechnology center , networks of laboratories and research groups 
should be established among the interunivers ity centers and nat ional 
laboratories . The recommendat ion made at the above -mentioned 1982 
panel discuss ions regarding manpower training , the establ ishment of a 
Crop/Agro -biotechnology Industrial Center (CABIC) , and a food resource 
deve lopment plan should be stres sed further .  

It i s  our s incere hope that this workshop will make concrete , 
feas ible recommendat ions for the immediate appl icat ion of 
biotechnolog ical development to agriculture in Indones ia .  In this 
respect , the steering committee has chosen four topics that we think 
are the most important in this area . The recommendations made will , it 
is hoped ,  include program priorities and manpower development needs as 
well as follow-up Indones ia-U . S .  cooperation in these fields . Even 
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though the world economy is at present not too promis ing , ve must plan 
realistically in our joint effort for cont ingencies by having available 
rational alternatives . 

I would l ike to take this opportunity to join the chairman of the 
steering committee in extending our grat itude and apprec iation to the 
government of the United States , the government of Indones ia ,  the U . S .  
Nat ional Research Counc il , the Office of the Minister of State for 
Research and Technology , the Agency for the As ses sment and Appl icat ion 
of Technology , the steering and the organiz ing committees ,  and all 
those who made this workshop pos s ible . I would also like to thank the 
speakers ,  the session ' s  chairpeople , and the partic ipants for taking 
part in this workshop . 
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Tbursday. larch 13 

Morning 

Coffee 

Lunch 

APPENDIX B 

Vorkshop Agenda 

Opening Ceremony 

Report of the Steering Committee 
A. M. Satari 
Deputy Chairman for Bas ic and 
Applied Sc iences , BPPT 

Remarks 
Richard A .  Cobb 
Chief , Office of Agriculture and Rural Development , 
USAID Miss ion in Indones ia 

Keynote Addre11  
Doddy A .  Tisna Amidj aj a 
Vice - Cha irman , Indones ian Nat ional Research Counc il 

Overview 

Nat ional Pol icy on Biotechnology in Indones ia 
Didin S .  Sastrapradj a ,  Ass istant II Minister for 
Research and Technology/Chairman , National 
Committee on Biotechnology 

Biotechnology in Agriculture 
Charles C .  Huscoplat , Chairman , NRC Panel , and 
President , Molecular Genetics , Inc . 

The Biotechnology Init iative in North Carolina 
Richard J .  Patterson , Pres ident , 
North Carolina Biotechnology Center 
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Afternoon 

Friday. Kareb 14 

Horning 

Lunch 

Afternoon 
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Group Discuss ions 

!mbryo Transfer and Animal Production 
Hozes Tulihere . Cha irperson 
Hr .  Sunartono Adisumarto . Rapporteur 

Plant Cell and Tissue Culture 
Gustaaf A .  Vattimena . Chairperson 
Mrs . Livy Vinata Gunawan . Rapporteur 

Plant Nitrogen FixatiQn 
Goeswono Soepardi .  Chairperson 
Ratna S iri Badioetomo . Rapporteur 

Bioconversion of Agricultural By-pro4ucts 
Indrawat i  Gandj ar . Chairperson 
Sarasvat i .  Rapporteur 

Cont inuat ion of Vorking Group Meetings 

Plenarv Sesaion 

Summary of Recommendations and Conclus ions 
Chairpersons of each Vorking Group 

Comments by Chairman of the NRC Panel 
Charles C .  Huscoplat 

Clos ing Reaarks 
A .  H .  Satari 
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APPENDIX E 

Workshop Partic ipants 

STEERING CQMKITTEE 

A .  M .  Satari , Chairman 
Didin S .  Sastrapradj a 
A .  A .  Loedin 
Kho Kian Boo 
Sediono M .  P .  Tj ondronegoro 
Setij ati  D .  Sastrapradj a 
Susono Saono 
Haryanto Dhanut irto 
Charles C .  Muscoplat 
Rose  Bannigan 

U . S .  NAIIONAL liSEAICH COUNCIL PANEL 

Charles C .  Muscoplat ,  Chairman 
Wolfgang D .  Bauer 
Robert M .  Busche 
Anthony J .  Faras 
Richard J .  Patterson 
Rose Bannigan , Staff Officer 

WORKING GROUPS 

Embryo Transfer and Animal Production 

Cha irperson : 
Rapporteur : 
Partic ipants :  

Mozes Tulihere ( IPB) 
Sunartono Adisumarto (LBN-LIPI) 
A. A. Loedin (Dep . Kesehatan) 
Dj okovuryo S .  ( IPB) 
Yuhara Sukra (Debdikbud) 
Harimurti ( IPB) 
Sri Sudarwati ( ITB) 
Komang (Unair) 
Ida Kusumah (BPPT) 
Yan Nari (R&D Agriculture) 
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U . S .  Panelists : 
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Lien Sutasurya ( ITB) 
Reviany Widj ayahusumah ( IPB) 
Anthony J .  Paras 
Charles C .  Huacoplat 

Plant Cell and Tis sue Culture 

Cha irperson : 
Rapporteur : 
Part ic ipants :  

U . S .  Panelist : 

Gustaaf A .  Wat imena ( IPB) 
Livy Winata Gunawan ( IPB) 
E .  Noerhadi ( ITB) 
Moeso Soeryovinoto (UGH) 
Setiati D .  Sastrapradj a (LBN-LIPI) 
Usep Sutisna (LBN - LIPI) 
Thardi (R&D Agriculture) 
Gale Gint ing (PTP VII )  
Richard J .  Patterson 

Plant Nitrogen Fixat ion 

Chairperson : 
Rapporteur : 
Participants :  

U . S .  Panelist : 

Goesvono Soepardi ( IPB) 
btna S iri Hadioetomo ( IPB) 
Yoedoro Soedarsobno (UGH) 
Ibrahim Manvan (R&D Agriculture ) 
Susono Saono (LBN-LIPI) 
Soetarj o Brotonegoro (Marif) 
M.  Ismunadj i (R&D Agriculture) 
Jutono (UGH) 
Wolfgang D .  Bauer 

Bioconversion of Agricultural By-products 

Chairperson : 
Rapporteur : 
Part ic ipants :  

U . S .  Pane l ist : 

Mobile Members : 

Indravat i Gandj ar ( BPPT) 
Sarasvati (BPPT) 
A .  M .  Satari ( BPPT) 
Muhammad Wirahadikusumah ( ITB) 
Triadi Basuki (LBN-LIPI) 
Purvo Arbianto ( ITB) 
Ibrahim S .  ( ITB) 
Sumpeno Putro (R&D Agriculture ) 
Robert M .  Busche 

Didin S .  Saatrapradj a (LIPI/Ristek) 
Sediono M .  P .  Tj ondronegoro (DRN/Ristek) 
Kho Kian Boo (BPPT/Riatek) 
Haryanto Dhanutirto (BPPT/Ristek) 
Rose Bannigan (U . S .  NRC) 
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General 
Rapporteurs :  
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Susono Saono 
Charles C .  Huscoplat 

ORGANIZING COMMITTEE 

Chairman : 
Secretary : 
Members :  

Notul is : 

OTHERS 

Haryanto Dhanut irto ( BPPTfRistek) 
Jana Anggadiredj a ( BPPTfRistek) 
Rachmaniar Rachmat ( BPPT) 
Moch Mochtar (Ristek) 
Sawedi ( BPPT) 
Dadang A .  Permadi (Ristek) 
Titi Marpaung Be . Hk . (LIPI )  
S r i  Vahyuni Sh . (LIPI) 
Sutarj o (Ristek) 
Ratna Vulan ( BPPT/DRN) 
Abdul Firman ( BPPT) 
R .  Sukmaya ( BPPT) 
Indang Vahyurini (Ristek) 
Ast i  Suryani (Ristek) 
Budi Minerva (Ristek) 
Nelson S imanungkal it ( BPPT) 
Daya Pamudj i ( BPPT) 
Hasni Muchtar ( BPPT) 
Puspo Vardoyo (BPPT) 
Patna Chandra ( BPPT) 
Poyanings ih ( BPPT) 
Sadjuga (BPPT) 
Donowat i (BPPT) 

Iman Suripto 
Desmond O ' Riordan 
Edi Set ianto 
Richard A .  Cobb 
Doddy A .  Tisna Amidj aj a 
Jusdy Achmad 
Rum Husen 
Mochtar Machful 
Vardiman Dj oj onegoro 
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