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e. I NOITCE: 'Ihe proja::t that is the subject of this report was cqp:cve:i by the Gavel:l'lin; 
Board of the National Research Ccurx:il, whose IDI!IIIbel:s are drawn frc:m the ccuncils of the 
National � of Scienc::es, the Natialal. .Academy of Engineerin:J, and the Institute of 
Medicine. 'lhe members of the a::ami.ttee respc:n;ible tar the xepart wen dxlsen far their 
special CXllp!t:eu:A and with regm:d for appLOpdate balanca. 

'Ihis report has been reviewed by a cp:olP other than the authors acx::arding to 
prcx::edures � by a Report Reviaf o:mzdttee ccnsistin; of med::lers of the Haticnal 
AJ:::arlerlrZ of sciences, the Nat.icnll. .Academy of Erqineerinq, an:! the Institute of Madicine. 

'lhe NatiaW. Ac:adeuy of sciences is a private, nonprofit, sel.!-papetuatil'q society 
of di.st.in;u.ishe scholars euqagai in scientific and enqineerln;J researdl, da:lic:ated to 
the fUrtherance of scierre and t.edlnology and to their use far the general wal.!are. 
Upon the authority of the charter grant:a:i to it by the Qrlgress in 1863, the Ac:adeuy has 
a man:!ate that requires it to advise the federal goven1IIBlt on �ic an:! tedmi.caJ. 
matters. Dr. Frank Press is president of the Natia1al. Academy of Sciences. 

'lhe NatiaW. � of En;ineerizq was established in 1964, umer. the charter of 
the National Al:::adesirf of Sciences, as a parallel organi.zatia'l of c::utstanllng en:]ineers. 
It is autcncm:1us in its administration and in the selectian of its lllli!!llba:s, sharin;J with 
the National Al:::adesirf of Sciences the n:sp:111Si.billty far advi.sin} the federal 
government. 'lhe NatiaW. AJ:::arlerlrZ of Erx;ineerinq also sponsors enqineerin;J pzogzaus 
aimed at lleetin; natiaW. needs, enc:cuzaqes education and research, an:! recognizes the 
superior achievements of en:]ineers. Dr. Robert M. lllite is president of the Naticnal 
� of Ergi.neerirq. 

'lhe Institute of Medicine was established in 1970 by the National Ac:adeuy of 
Sciences to secure the sezvioes of eminent lii!IID!rs of � professials in the 
examination of policy matters pert.a.ininq to the health of the plblic. 'lha Institute 
acts under the respaiS.ibillty qiven to the Natialal. Academy of Sciences by its 
congzessional charter to be an adviser to the federal gcvamment and, upon its own 
initiative, to identify issues of !IM!!dical care, research, and education. Dr. SaDIJal. 0. 
'Ihier is president of the Institute of Medicine. 

'lhe NatiaW. Researt:h O:UX:il was � by the National Ac:adally of Sciences in 
1916 to associate the broad CX11111.11'1i.ty of scienc:a and tec:mology with the Academy's 
plLpClSe& of tllrt:heri.n:;J Jcncwled;Ja and advisinq the federal gcvemment. Func:t.iczlinq in 
acx:ordarx:e with general policies deteLmined by the .Academy, the CCUnci.l bas becxllle the 
principal operatin;J aqerr:y of both the Natialal .Academy of sciences and the Nati.alal. 
AJ:::arlerlrZ of Ergi.neerirq in provi.din; services to the gcvamment, the plblic, and the 
scientific and erqineerinq CX11111.11'1i.ties. 'lhe O:llncil is administeLed jointly by both 
Academies and the Institute of Medicine. Dr. Frank Press and Dr. Rebert M. Rdte are 
c:::hainDan and vice c:hail:man, Lespe::tively, of the National Research CCUnci.l .  

'Ihese prcx:eedin;r-; have been prepared by the Board on Science and Technology for 
International Develqment, Office of Intematianal Affairs, National Research Ccurx:il, 
in cooperation with the Natia1al. Research O:llncil of the Republic of Indalesia, for the 
Mission to Iroonesia, u.s. lqercy for Intematialal. Cevel.qment, under o:aztx:ca."t No. 
ASB-0333-L-OD-5161-QO. 

Copies are available frc:m: 

Board on Sciezx::e and Technology 
for International Develqment (B:lSTID) 

National Research Co.Jnc:il 
2101 Constitution Avenue, N.W. 
Washin;Jtan, D.C. 20418 USA 

Residents of Imcnesia shwld request copies diLec:tl.y trcm: 

National Research Co.Jnc:il (I:m) 
Office of the Minister of state 

for Research arxi 'I'echnology 
Jl. Veteran III, P.O. Box 3761 
Jakar"...a 10110 I INIX:NESIA 
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PIE FACE 

In Karch 1986, the National Researc h Counc il of Indones ia ( DRN) and 
t he Board on Sc ience and Technology for Inte rnational Development 
(BOSTI D) held a joint works hop on biotechnology in agriculture . It was 
recommended at that workshop that Indones ia examine the potent ial of 
developing a Center for Embryo Transfer and Animal Production . A 
technical meet ing to undertake this examinat ion was held in Jakarta , 
Indones ia ,  February 2 3 - 24,  1987 . 

The primary obj ectives of the technical meet ing were to assess the 
present status of knowledge about and e xperience in embryo technology 
and animal production technology in Indones ia;  ident ify gaps between the 
current s ituation and the act ual requirements ;  dete rmine the economic 
feas ibility of cattle production and management through an embryo 
transfer program: and set priorities for a program to establis h a center 
for embryo transfer and animal production .  The center would provide the 
advanced technology , animals , embryos,  semen , and training needed to 
produce genetically superior livestoc k for Indone s ia and event ually 
l ive stoc k products for inte rnational markets.  

As bac kground for the meeting , an ad hoe BOSTI D committee met in 
Washington , D . C .  in June 1986 to draft a working paper on the proposed 
center . Present at the meeting were Drs .  Charle s C .  Huseoplat and 
Anthony J .  Fara s,  who partic ipated in the Karch workshop and Dr. Raymond 
Wright , Jr . professor of animal sciences at Was hington State 
Univers ity . A copy of the draft plan that re sulted from that meeting is 
included in Part I of this report . 

These act ivitie s were one act ivity in a larger program of 
cooperation between BOSTI D and the Indonesian government . Be gun in 
1968 , this program has featured a series of workshops on food pol icy , 
industrial and technological research , natural resources ,  rural 
product ivity , manpower planning , marine algae biotec hnology , 
biotechnology in agricultural development , and deve lopment of a sc ience 
and technology information system . BOSTID's part ic ipation has been 
supported in the context of a sc ience and technology loan from the U . S .  
Agency for Inte rnational Development ( USAI D) t o  the government of 
Indones ia .  The current two-year program with BOSTI D calls for a number 
of activit ies (panel discus s ions , workshops , follow-up activit ies , or 
small advisory groups ) to be organized each year . 

- iii-
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This meeting was organized by its steering committee under the 
s ponsorship of the Indones ian National Research Council.  

Dr . Didin S.  Sastrapra dja , As s istant ( II )  Minister of State for 
Research and Technology and cha irman of the Rat ional Committee on 
Biotechnology , opened the meet ing on behalf of Dr . B. J .  Habibie , 
Minister of State for Research and Tec hnology and chairman of the DRN . 
In his ke ynote address , Dr. Sastrapradj a described the long 
re lat ionship between Indones ia and the U. S.  Rational Research Council 
( NRC )  and its  cooperat ive programs in the field of biotechnology and 
related subjects ( see Appendiz A) . Dr . Raymond Vright , chairman of the 
U . S .  Rat ional Re search Counc il panel , commented on the role that embryo 
transfer and animal product ion can play in the development of a da iry 
and beef industry . Dr . Se diono M. P .  Tjondronegoro also voiced his 
comments about the role of the DRN in host ing the meeting . 

After the meet ing adjourned, field vis its were made to the Lembang 
area near Bandung where U . S .  part ic ipants vis ited an artific ial 
insemination center , a milk cooperat ive , a government - run  da iry , and a 
private dairy . On the return trip to Jakarta , the group vis ited the 
Kar iyana feedlot at Cicurug. Comments made by the U . S.  partic ipants in 
re sponse to these vis its are also included in Part I of this report . 

Part I of this re port also conta ins the conclus ions and 
rec ommendat ions t hat emerged during the t vo - day plenary sess ion . 
Pa pers pre pared for this meeting are presented in Part II . The agenda 
for the meet ing and the list of partic ipants are Appendize s  B and C ,  
re spective ly . 

This workshop re port vas prepared by Rose Bannigan of the BOSTID 
staff using papers written by the Indonesian and NRC partic ipant s.  The 
papers have been edited to eliminate duplication , but they accurately 
reflect the discus s ions.  The final draft vas reviewed and approved by 
the members of the NRC panel and the Indones ian organiz ing committee . 
Sabra Bissette Ledent , BOSTID consultant , edited the report . 

The partic ipants would like to thank the members of the workshop 
secretariat for the excellent organization of the workshop.  

The U. S .  panelists would also like to thank the staff at the 
various inst itut ions vis ited at Lembang and Cicurug for taking time to 
show them the fac ilitie s  and for the ir kind hospital ity . 

- iv -
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PART I 

Conclus ions and Recommendat ions 
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SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

Part ic ipants in this meet ing recognized the importance of embryo 
transfer (ET) in improving the genet ic potential and product ion effic iency 
of the l ivestock industry of Indones ia. This advanced technology will 
lead to increased product ion and will improve the qual ity of meat , milk , 
and other l ivestock produc ts. It will also contr ibute significantly to 
nat ional goals by reduc ing imports and promot ing exports of non- oil 
commodit ies. As this advanced technology enters the marketplace , 
support ing industr ies will evolve to meet the needs of this growing 
enterprise. 

It is recommended that a Center for Embryo Trans fer and Animal 
Produc t ion (CETAP) be established in Indones ia. This center would 
provide the advanced technology , animals , embryos, semen , and tra ining 
needed to produce genet ically superior livestock for Indones ia and 
internat ional markets. To ensure rapid implementat ion of the proposed 
center's program , resources should be obtained from various private and 
government agenc ies. 

CETAP should be located at an exist ing art ific ia l  inseminat ion 
center ( s) ,  based on the ava ilabil ity of staff , phys ical fac ilities , and 
land. 

To establish a super ior genetic pool of animals , CETAP should 
initially provide or import Holstein , Brahman , and Brahman- infused breed 
embryos or anima ls, while using the superior local livestock for embryo 
produc t ion. 

CETAP technic ians mus t be tra ined in embryo transfer procedures and 
related technologies , since this initial training will ensure the suc ces s 
of the CETAP program and will allow addit ional technic ians to be tra ined 
at the center itself. 

CETAP should serve as a link among the universities , research 
ins t itutes , and the pr ivate sector to encourage applied research , improve 
produc t ion , and increase effic iency. Private as well as state companies 
should be encouraged to cooperate with CETAP in increas ing product ion and 
reduc ing the rel iance on imported animal products. 

The intens ive use of embryo transfer in l ivestock should be studied on 
a commerc ial bas is with the partic ipation of the pr ivate sector. The 
market or ientat ion of this technology should be examined as well. Any 
research on the technology of embryo transfer should be coordinated 

- 3 -
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with the efforts of the nat ional art if ic ial inseminat ion and breeding 
programs for l ive stock . 

Init ially , embryo transfer should be carried out by CETAP and farmers 
with large holdings unt il the smallholders can part ic ipate effect ively . 

Finally , to enhance animal industr ies in Indones ia through embryo 
transfer and related technolog ies , j o int ventures or other relat ionships 
with the U . S .  government or the U . S .  pr ivate sector should be encouraged . 
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CQMMEBTS BY U . S .  PARTICIPANTS 

Raymond Wr ight , Jr . and Jerry J .  Reeves 
NRC Panel ists 

GENERAL OBSERVATIONS 

Indone s ia ' s  univers ities , pr ivate sector , and government were well 
represented at this two - day meeting in Jakarta , and the government 
appeared motivated to commence a successful proj ect on da iry or beef 
cattle .  Government representatives have met with the des ignated 
ministers , and they will inform the pres ident of Indones ia about the 
recommendations that emerged from this meeting . 

Two different groups in the private sector are interested in some type 
of beef or da iry embryo transfer program . One group has already imported 
frozen embryos from the Granada International Corporation (Holste in and 
White Brahman) and has atta ined a 3 5  percent pregnancy rate . They are not 
happy with the conformation of the White Brahman , however . 

The overall impress ion is that the Indones ians are committed to such a 
program , but some government support will be needed initially to structure 
the proposed Center for Embryo Transfer and Animal Production ( CETAP) . 
The pr ivate sector will support the center by buying embryos and semen and 
hiring technic ians tra ined at the center . The initial administration 
chosen to operate CETAP will be critical to its succes s . The 
administration should understand the f ield of embryo transfer and work 
with the pr ivate sector when pos s ible . 

SPECIFIC COMMENTS 

The artific ial insemination center at Lembang is a clean , wel l -managed 
fac il ity , but its bulls are of marginal genetic qual ity . Although bulls 
of several breeds are used , Holste in and local Brahman predominate . The 
local Brahmans are the most impres s ive cattle at the center , but none of 
the bull s  are progeny tested . The use of progeny tested bulls would 
require that semen be purchased from the United States ,  England , or 
Canada . 

The Indones ians are currently unable to progeny test the ir own young 
bul ls because of the almost complete absence of recordkeeping (milk 
production , etc . )  at both the small and large da ir ies . There has 
been some discus s ion of Japane se ass istance in developing a computer 
system to introduce a progeny testing program , but until records are kept 
this is not pos s ible . 

- 5 -
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Embryo transfer could be conducted at the existing artific ial 
insemination center if a good supply of rec ipients is found . Having 
small farmers supply the ir animals as rec ipients is probably not 
practical ,  as temperature and nutrition are not well controlled . 
As soc iation with a large dairy for the provis ion of rec ip ients is a 
good pos s ibil ity . A trade for services such as embryo transfer or 
artific ial insemination could be made . 

The concept of establ ishing a beef feedlot on a now rural island 
close to Singapore or at an appropriate locat ion on Java is an 
interesting one . This concept may be unsound , however ,  because of the 
high costs of production in a remote area with l ittle or no water . Any 
proj ect of this type should be examined closely , with particular 
attent ion paid to the supply of animals , feed , and water , and 
transportation costs . 

POTENTIAL EMBRYO TRANSFER-ANIMAL PRODUCTION PROJECT 

The U . S .  partic ipants in this meeting felt that Indones ia could 
best develop an industry based on embryo transfer and other . 
b iotechnological techniques , with immediate benefits , by forming a 
j o int venture with a company from the United States or elsewhere . The 
overall obj ective of such a j o int venture would be the introduction of 
state - of - the- art animal b iotechnologies in Indones ia .  This would be 
accomplished by: 

o Introduc ing superior frozen Holste in embryos from the United 
States for transfer into rec ipient Indones ian cattle . Vith 
the proper management and nutrition the resultant calve s will 
mature into high-produc ing milkers . 

o Providing on- s ite embryo collection and training for local 
personnel and farmers us ing Indones ian cattle in a commerc ial 
dairy setting to demonstrate embryo transfer . Such a 
demonstration will not only show Indones ians the feas ibility 
of embryo transfer techniques ,  it will also show da iry 
cooperative members and others that an improvement in the 
genetic qual ity of the ir livestock is pos s ible and can be 
accompl ished in a short time . In addit ion , the superior dairy 
cattle born as a result of this proj ect will become the 
property·of the host facil ity . 

o Tra ining one or more Indones ian field sc ientists and one or 
more laboratory sc ientists in embryo transfer at a U . S .  
univers ity , such as Washington State , with follow-up training 
at a large - scale commerc ial embryo fac il ity such as AnemTech ' s  
embryo technology fac ility in Eureka , Montana . 
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o Identifying and , if pos s ible , establishing several embryo 
transfer research , development , and demonstration efforts 
a imed at improving overal l  reproductive effic iency in 
Indones ia ,  with a marketable appl ication to other tropical 
l ivestock systems . 

o Recommending and evaluating with the appropriate Indones ian 
counterparts and off ic ials the development of a type of dairy 
and beef cattle that will yield maximum milk and meat 
production under the agr icultural conditions found in 
Indones ia .  

The overall benef it to be ga ined by Indones ia is the potential to 
improve milk and meat production over current levels . The immediate 
impacts and potential long-range payoffs are enormous . Given its 
current success  rate , embryo transfer could lead to an increased rate 
of genetic improvement of from 10 to nearly 100 percent , depending 
princ ipally on the current intens ity of s ire selection and on the 
tra it ( s )  in question . The pos s ible effects of this alternative 
technology on the rate of genetic improvement in milk yield in dairy 
cattle us ing artif icial insemination has been estimated at 100 kg per 
cow per year , and us ing embryo transfer , 158 kg per cow per year . 

Embryo transfer also has important economic applications in 
multiplying rare breeds (Bali cattle ) ,  strains , or individuals , and , in 
conjunction with the use of frozen embryos , in avoiding the high costs 
of shipping and quarantining l ivestock breeds for new environments . 

By us ing embryos frozen at l iquid nitrogen temperatures and 
imported from the United States ,  this proj ect will nicely demonstrate 
how such storage greatly increases flexibil ity because rec ipients need 
not be synchronized precisely with embryo donors in time and space . 
This leads to tremendous savings in manpower and feed costs . 

Proposed Work Plan 

A work plan could be devised in conjunction with a U . S .  univers ity 
and a small biotechnology company . It would inc lude the purchase of 
100 superior Holste in embryos from the United State s , frozen for 
shipment to Indones ia .  Consultants provided by the U . S .  company would 
subsequently vis it Indones ia for approximately three weeks to transfer 
these embryos into rec ipient Indone s ian cattle to atta in 40-60 
pregnanc ies . 

The Indones ian government would determine the s ite of the proposed 
proj ect . Tra ining sess ions on embryo recovery and transfer would be 
held on- s ite by the consultants respons ible for providing deta iled 
instruction to all partic ipants . All interested farmers and personne l 
from the appropriate Indones ian institute s would be invited without 
charge . The use of two to three local cows in this tra ining sess ion 
should demonstrate clearly to the Indones ians that the ir l ive stock can 
be improved genetically in a very short time . 
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During the nine -month gestat ion period of the rec ipient cattle , 
the ir ma intenance and feeding would be the respons ibil ity of the farm 
personne l . Several highly qual if ied veter inarians should res ide at the 
fac il ity s ite in the event that prophylaxis or treatments are neces sary 
for pregnant cattle . Minor modificat ions of holding stanchions may be 
necessary to maximize the comfort of the pregnant cows . 

Mother and calving data should be col lected by the U . S .  consultants 
and synthes ized with f irsthand informat ion gathered from the ir initial 
visits to the various art ific ial  inseminat ion centers ;  the ir 
discus s ions with farmers , industry , and government offic ials ; the ir 
asses sments of da iry herd improvement pract ices ; and so forth . 
Subsequently , a draft of a f inal report would be submitted to the 
appropriate Indone s ian government offic ials for the ir input and 
comments .  Based upon this in- country review , a f inal report would be 
is sued evaluat ing the empirical results and future prospects for embryo 
transfer in Indones ia .  In addit ion , implementat ion of a long - term 
comprehens ive program for research , development , and commerc ial 
product ion would be recommended .  

Trainina . To improve and strengthen Indones ia ' s  capab ilities in 
b iotechnology , two Indonesian sc ient ists would undergo five months of 
tra ining in the United States . The nominated s c ient ists must be highly 
qual ified , s ince they will be the forerunners of research and 
development in embryo transfer in Indones ia .  

Under the direction of the de s ignated head of the U . S .  proj ect , 
tra ining would be conducted at a U . S .  univers ity such as Washington 
State . It is proposed that a laboratory sc ient ist rece ive tra ining in 
the general laboratory methods for embryo transfer , including quality 
control , embryo ident ificat ion and morphology , and techniques for 
embryo freez ing and storage . In addit ion , a f ield sc ient ist would 
learn techniques for embryo freez ing and storage as wel l  as the 
techniques for nonsurgical embryo collect ion and transfer . 

The advantage of having both a laboratory and f ield sc ient ist is 
that together they can use the ir exist ing expert ise , as wel l  as newly 
deve loped skil l s , to have an immediate impact , result ing in a sense of 
accomplishment and teamwork . Follow-up after univers ity tra ining would 
be des irable so that both scient ists can observe and s tudy at a 
large - scale commerc ial embryo facil ity , such as  AnemTech ' s  Embryo 
Center in Montana . 

Timetable . This proj ect should be des igned for a 12 -month period . 
Costs are estimated as follows (based on costs for a Washington State 
Univers ity-AnemTech cooperat ive program) : 

Salary and benefits charges for consultants :  
Embryo transfer specialist (one man-month) 
Embryo transfer technic ian (one man-month) 

Trave l ( four round- tr ips from Seattle to Indone s ia ,  
$2 , 500 each) 

$ 9 , 750 
8 , 2 50 

10 , 000 

Copyright © National Academy of Sciences. All r ights reserved.

Technical Meeting on Embryo Transfer and Animal Production:  Summary Report
http://www.nap.edu/catalog.php?record_id=18910

http://www.nap.edu/catalog.php?record_id=18910


- 9 -

Per diem for consultants (60 days @ $8 5/day) 
Tra ining of two sc ientists : 

Travel from Indones ia to Seattle , $2 , 500 each 
Travel within United States ,  $ 500 each 
Training and l iving costs : 

Washington State Univers ity , three months 
AnemTech facil ity in Montana , two months 

Drugs , culture media , and minor equipment 
Farm modifications 
Home office proj ect coordination & support services 
Purchase and shipment of 100 embryos from superior 

U . S .  Holstein cows , $300 each 
Contingency 

TOTAL 

5 , 100 

5 , 000 
1 , 000 

10 , 000 
30 , 000 
20 , 000 

5 , 000 
10 , 000 

30 , 000 
5 , 000 

$174 , 000 
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PllOPOSED emu FOR EMBRYO TMRSFQ AND ANIMAL PllODUCTION 

INTllODUCTION 

One of the recommendations that emerged from the workshop on 
b iotechnology in agriculture , held in Jakarta in March 1986 , vas the 
e s tablishment of a Center for Embryo Transfer and Animal Production 
( CETAP) in Indone s ia . This center would provide the advanced 
technology , animals , embryos , semen , and tra ining needed to produce 
genet ically super ior livestock for Indones ia and internat ional markets . 
The center would therefore undertake the following act ivit ies: 

o To meet the increas ing demand in Indones ia ,  e stablish a supply 
house to market the supplie s , equipment , drugs , and other 
services needed for embryo transfer in cattle . 

o Use embryo transfer in species other than cattle as the 
opportunity arises . 

o Serve as an embryo transfer and animal biotechnology training 
and research center for scient ists and veterinar ians . 

o Serve as a center for the collect ion and , in conjunction with 
the art if ic ial inseminat ion centers , for the distribut ion of 
semen produced from the genet ically superior bulls .  

The center should be located in an area adj acent to the art ific ial 
insemination centers and maj or agricultural research institutes , 
inc luding univers ities , to be acce s s ible to the sc ient ists involved in 
this research . It should also be acce s s ible to dairie s or farming 
areas . 

THE BUSINESS OF EMBRYO TRANSFER · 

General 

Recent trends in the economics of livestock product ion have made it 
mandatory to increase the product ivity of animals for cont inued 

NOTE : This working paper vas drafted at an ad hoc meet ing held in 
Washington , D . C .  in June 1986 . 

- 10 -
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profitability . This increase can be brought about by improving the 
productive environment ; by better feeding, management, and health ; and 
by breeding better animals . New technologies - - such as artificial 
insemination, mult iple ovulation , embryo transfer, embryo splitting , and 
genetic engineering - - can be applied to animal breeding to speed the rate 
of genetic improvement, to mult iply superior animals, and to store or 
transport them as embryos . 

Genetic improvement has been relatively s low ,  but the ga ins are 
cumulat ive , and they can be passed on to later generat ions . The genet ic 
gains from super ior animals may therefore be marketed . Eventually, the 
proposed Center for Embryo Transfer and Animal Product ion , through both 
its research team , specializ ing in animal embryo technology and other 
art ific ial  breeding techniques, and methodologies assembled from both 
local institut ions and leading inst itut ions overseas , will be ideally 
placed to further this form of l ivestock sc ience and to exploit this 
technology commerc ially in the agricultural marketplace . Thus , the 
center will be engaged in the bus ines s  of developing , producing , and 
eventually market ing and distributing high-qual ity cow embryos and 
live stock . The market for semen and for embryos is highly competitive 
and will accept only animals of proven superiority from recognized 
breeding programs and from environments that are free of disease . 

G iven the procedures to be used by the center for the production and 
genet ic development of qual ity embryos, several years will pas s  between 
commencement of the center ' s  proposed plan of operations and the sale of 
embryos and l ivestock . Consequently , no sales of embryos or l ivestock 
( except for domestic sales ) will probably occur during the init ial  years 
of the center ' s  operation . 

It is increas ingly important that farmers achieve maximum milk 
product ion per cow at the most  economical cost . A balanced feed rat ion , 
proper milking procedures , sound herd health, and a carefully selected 
breeding program are all essent ial . The quality , volume , and 
cos t - efficiency of milk production per cow- -not the number of cows 
milked- -will result in a successful operat ion . A farmer must integrate 
into his herd more genet ically superior cows capable of producing higher 
qual ity milk in greater volume s , thereby rais ing the average 
product ivity of his ent ire herd . The center should be able to offer 
dairy farmers high-qual ity , low- cost embryos , which will al low farmers 
to acquire high-qual ity da iry cows at a relat ive ly low cost , and will 
enable them to upgrade the ir herds in a much shorter time than that 
required for tradit ional breeding methods . Once integrated into the 
farmer ' s  operat ion , these cows will boost the farmer ' s  average herd milk 
product ion , regardles s  of the s ize of the herd . The center could also 
offer l iving yearl ing cows or younger calves to the farmer . 

As an adjunct to its pr imary bus iness , the center could produce and 
sell qual ity semen to art ific ial inseminat ion stat ions throughout the 
country . The center could also serve as an outreach to the farming 
community by providing informat ion on animal health , proper nutr it ion , 
and treat ing or test ing for animal diseases . 
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Both the embryos and l ivestock sold by the center will be the 
product of the center ' s  ongoing process  of genetic refinement of 
favorable traits , and other research and development to be conducted by 
the center . 

Recent appl ications of mathematical theory us ing powerful computers 
have cons iderably increased the accuracy of estimating the breeding 
value of animals by allowing production and pedigree information to be 
combined in an optimal way . Vith these accurate estimates of genetic 
superiority , the way is now c lear to use the techniques of multiple 
ovulation and embryo transfer in a s imilar manner to artificial 
insemination and to sell genetic gain in national and international 
markets . 

The techniques of multiple ovulation and embryo transfer are nov 
we ll established in cattle ,  pigs , sheep , and goats . They can be used 
not only to multiply the progeny of superior parents , but also to allow 
progeny to be reared in recipient cows from parents who are themse lves 
too young for normal breeding . 

Spl itting embryos to obtain identical twins is nov feasible , and 
current research into multiple cloning is expected to bear fruit in the 
near future . Similarly , methods of determining the sex of embryos are 
the subj ect of promis ing research . 

The center could adopt an integrated R&D program for novel 
appl ications of establ ished biological techniques ,  as wel l  as new 
b iotechnologies with the potential to produce premium animals of 
agricultural importance .  Ultimately , by applying the approaches and 
technologies developed in the center ' s  research program , other or even 
improved premium animals might be produced that exhibit increased 
res istance to specific diseases or other des irable tra its that are 
genetically determined . The program of the center could be based on the 
extens ive knowledge of sc ientific consultants or technologists acquired 
by j o int ventures or from the Indones ian sc ientific research staff 
members trained in the f ields of molecular and cellular biology and 
phys iology . 

Products 

The princ ipal products of the center would be animals , embryos ,  
semen , training for technicians , and embryo supplies , including drugs 
and equipment . The center could produce annually a mintmum of 50 frozen 
embryos and 160 fresh embryos . Some of the embryos and animals could 
eventual ly be sold to internat ional markets . 

Embryos . The center ' s  primary bus ine ss  would be the mass production and 
marketing of high -qual ity cow embryos for research and for sale at 
comparative ly low price s . The genetic research to be undertaken by the 
center could produce , by creating genetically superior embryos ,  cows 
that are more res istant to disease and produce milk more effic iently 
than the average dairy cows currently used by the Indones ian dairy 
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industry . Through the application of superovulation and embryo transfer 
technology , the center could utilize gentically superior donor cows to 
produce embryos for two uses , the external embryo market and the 
internal operations of the center . Embryos used internal ly by the 
center could be transferred to average recipient cows which will carry 
the calves through the normal nine -month gestation cycle . Some of the 
offspring of such embryo transfers could be utilized in the production 
of more genetical ly refined embryos . Embryos produced and sold on the 
market by the center would be sold to buyers who will transplant the 
embryos into an average recipient cow to produce a high-quality milk cow 
to add to their producing herd . 

The technology assoc iated with embryo transplantation is fairly well 
established and widely practiced ,  but training of technic ians is  
neces sary . 

Livestock . The center would sell high-quality l ivestock (both cows and 
bull s )  produced by the center ' s  embryo production efforts . In 
addition , the center would sell the donor cows not neces sary for its 
operations and which have proven milk production records . At the outset 
of the center ' s  operation , some of the male calves (which are usual ly 50 
percent of all calves born) would be sold for beef purposes . However , 
initially the calves would be reta ined for semen production . As 
techniques for sex determination are developed , the number of male 
calves born would probably decrease s ignificantly as the center would 
utilize for its own operations only those embryos l ikely to produce 
female offspring . Consequently , the availabil ity of l ivestock to be 
sold by the center would be subj ect to greater control .  

EMBRYO TRANSFER 

Transfer of cow embryos involves the following procedures : 

0 Superovulation of the donor cow ( induced by the application of 
certain hormones )  

0 Artific ial insemination of the superovulated cow 
0 Collection of embryos from the cow 
0 Examination of the embryos 
0 Transfer of the normal embryos to recipient cows or freez ing 

the embryos for later transfer . 

The bas ic technologies to be used by the center are well known and 
generally not subj ect to patent protection . 

Cows normally produce one egg at a time . Consequently , pregnanc ies 
generally result in only one calf . Because ge station takes 
approximately nine months , a cow rarely produces more than one calf each 
year . Embryo transfer allows a genetically superior cow to produce an 
increased number of biological offspring in a shorter period of time , 
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thereby allowing the genetic characteristics of a herd to be changed 
within a relatively short time span . 

In the standard nonsurgical procedure for collection of embryos , the 
cow ' s uterus is flushed with a l iquid solution used to dislodge the 
embryos and discharge them out of the uterus into a collecting flask . 
Once the flushing medium containing the embryos has been removed from 
the cow , it is searched carefully us ing a stereomicroscope . The s ix 
embryos obta ined on average from a superovulated donor cow are then 
evaluated to select those that are viable . Selected embryos may then be 
transferred into recipient cows shortly after collection , placed in 
another medium for freez ing and storage , or , if of questionable 
viabil ity , cultured in a special medium and the ir development observed 
for approximately 24 hours to determine whether further use of the 
embryo is indicated . 

Transfer of the embryos to rec ipient cows can be accomplished 
surgically or nonsurgically . In a surgical transfer an inc is ion is made 
in the flank of the rec ipient cow , and a s ingle embryo is inj ected from 
a syringe into the uterus . In a nonsurgical procedure the embryo is 
placed in the uterus us ing a technique s imilar to artific ial 
insemination . Success  rates for the nonsurgical transfer of bovine 
embryos , according to industry sources , range from 40 -65 percent , while 
succe s s  rates of 60 - 8 0  percent are recorded for surgical transfers . 
Currently , more than 80 percent of all embryo transfers are being 
performed nonsurgically because of the convenience and the speed of 
transfer , and because s imilar pregnancy rates can be obtained .  Healthy 
donor cows can be successfully superovulated and the embryos collected 
nonsurgically s ix times per year . Thus , an average of 21 calves per 
year can be produced from a s ingle donor cow . 

Much of the center ' s  embryo transplant research will be devoted to 
developing a cost- effective and rel iable means of determining an 
embryo ' s  sex prior to implantation ( " sexing " of embryos) . If the center 
can achieve a means of accurate embryo sexing , it could provide this 
service to other breeders and util ize selective implantation to 
e l iminate its own production of bull calve s , whose cost of production 
nearly always exceeds the ir market value at b irth . The impact of this 
technnology on the international marketing of frozen embryos would be 
cons iderable . 

Embryos that have been frozen and stored for up to several months 
after recovery from a donor cow can be thawed and implanted in rec ipient 
animals ,  but with only about one -half the rate of successful pregnanc ies 
of embryos that have not been frozen . If substantial advances can be 
achieved in the nonharmful freez ing of embryos , the market for embryos 
would increase s ignificantly . Nonharmful frozen storage of embryos 
would greatly fac il itate the shipment of embryos over long distances .  

Another area for future research at the center is twinning of 
embryos ( implanting two embryos in one recipient animal) . Development 
of rel iable twinning procedures would allow the center to reduce the 
s ize of its rec ipient herd , thereby reduc ing costs . Such procedures 
would probably not be fully accepted , however , until the sexing of 
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embryos can be achieved , thus a ssuring that each twin will be female and 
avoiding the possibil ity that freemartin& will be produced. 

Research into sexing , storing , and twinning of embryos ia being 
conducted by U. S .  breeding organizations and universities. If current 
research e ffort s  are successful in any one of these areas durtng the 
next few years,  the economic e ffect on the purebred cattle breeding 
industry will be significant . It ia hoped that the proposed center 
would be able to uae any new development s in ita buaineaa . 

Embryo Production 

The proposed center's embryo production process (whereby offspring 
born of embryos produced by the cent er are themselves utiliz ed for 
embryo production) would become fully operation in approximately t vo  to 
four years .  Once a dec ision ia made t o  e stablish the c ent er , an 
appropriat e  plan of action will have to be devised . 

Researc h and Development 

The proposed center should hire full - t ime scient ific personnel to 
begin the development and implementation of the center's research and 
development proc edures and supervise initial embryo production . The 
c ent er would also e stablish working relationships with local 
univers it ies and inst itut es and ent er into consulting and s ervice 
agreements with res earch scientists and other organizations within the 
industry , either foreign or local . Through the combined efforts of the 
c enter's in-house profes s ionals and its relationships with organizat ions 
such as univers ities , the center could then continue the advancement of 
embryo product ion , transplantation , and preservat ion technologies . This 
would help both the cent er and the dairy industry in the development of 
bett er methods for producing mor e efficient and genetically superior 
cows . 

Embryo Free zing . The c ent er would conduct res earch aimed at increas ing 
the survival rates of frozen- thawed embryos .  CUrrent t echnology in the 
survival of de ep - froz en bovine embryos yields pregnancy rates of 
approximately 2 0 - 38 percent . Most embryos are frozen in glas s  ampul es 
requiring the presenc e of a highly trained embryologist to manipulate , 
evaluate , and package the embryos after thawing . 

Recent and promis ing technology incorporates free zing and thawing of 
embryos in a 0 . 5- cc French inseminat ion straw . Embryos can therefore be 
thawed and transferred nonsurgically without the ne ed for a trained 
embryologist . Research should be undertaken immediat ely to enhanc e the 
survival rates of bovine embryos frozen and thawed in French straws . 
(Prel iminary f ield testing conducted by others has yielded 40 perc ent 
pregnancy rates with bovine embryos frozen and thawed in such straws . )  
Spec ifically , research should aim to develop free zing proc edures that 
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result in an embryo survival rate equivalent to that of nonfrozen 
embryos , or 60 percent . 

Embryo Spl itt ina . This procedure divides a s ingle embryo into tvo ,  
three ,  or four parts , resulting in the birth of identical twins , 
triplets , or quadruplets . Not only are more calves produced per embryo 
vith this method , but those from each embryo are genetically identical .  
These techniques vera recently applied to cattle , sheep , horses , and 
pigs on an experimental and a limited commerc ial bas is . 

Embryos have been successfully divided in half (they are then known 
as demi- embryos ) , produc ing tvo identical individuals and doubl ing 
reproductive efficiency . Embryos are at the "morula" stage vhen they 
are 4-5 days old and contain some 30 - 50 individual cells . A morula and 
an unfertilized egg , distinguished by having a s ingle cell , can be used 
in the spl itting process . The success rates of spl itting embryos are 
very encouraging . 

Embryo Sexing . Numerous attempts have been made vith almost all farm 
species to determine the s ex of the embryo before transfer . This is 
usually attempted by extracting an embryo cell us ing micromanipulation 
and fluorescent staining the extracted cells for chromosome analyses . 
Male and female chromosomes for most farm spec ies can be differentiated 
under a high-powered microscope . Another method- -often called BY 
antigen sta ining--involves coupl ing a male - spec ific ant igen vith male 
cells . Only male cells bind to the male - distinguishing ant igen . A 
female embryo does not take up the fluorescent sta in , but the male 
embryo vill glov bright green . Res earch in this area is cont inuing . 

MARKETING AND DISTRIBUTION 

The marketing and distribution plan developed by the center would 
depend on the rate of production . The f irst marketable products would 
l ikely be embryos , l ivestock , and s emen , which would at first be 
marketed locally . 

The center would market and distribute its products primarily 
through organizations that are already vell established within the dairy 
industry or government , such as farmer cooperatives and artific ial 
insemination centers . 
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NATIONAL STRATEGY AND ROLE OF QBRYO tRANSFER 
IN ANIMAL HUSBANDRY DEVELOPMENt IN INDONESIA 

Daman Danuvidj aja 
Director-General of Livestock Services 

INTRODUCTION 

Indones ia is composed of more than 13 , 000 is lands spanning roughly 
5 , 000 km from east to vest . It has a population of over 165 mill ion 
and an estimated population growth rate of 2 . 3  percent per annum . 

Agriculture continues to be the most important segment of the 
Indones ian economy , accounting for 30 percent of the gross domestic 
product , 60 percent of total employment , and 70 percent of non-oil 
exports . The government has placed high priority on agricultural 
development through its five-year deve lopment plan (Repel ita ) . The 
obj ectives of the plan are soc ial justice for all , high economic 
growth , and national stabil ity . 

The overall obj ectives for agricultural development are the 
following : 

o Meet the need for food and the need for raw materials by 
domestic industries 

o Increase  export earnings 
o Expand employment opportunities 
o Increase farmers ' incomes 
o Provide production opportunitie s to entrepreneurs 
o Support balanced regional and rural development 
o Increase  transmigration activities .  

Livestock is an intregal part of the rural economy of Indones ia .  
Farm animals serve as a source of power for cultivation and transport , 
a s  a source of food , and as a convenient means of family savings . The 
l ivestock sector provides almost all of the domestic requirements for 
meat and eggs , and part of the requirement for milk . Moreover , it 
fulfills a cons iderable part of the requirements of agriculture for 
f ertil izer . 

This paper was presented at the meeting by Soemarno P .  
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STRATEGY FOR DEVELOPING ANIMAL HUSBANDRY 

The maj ority of Indone s ia ' s  rural population are farmers whose land 
holdings are often small , ranging from 0 . 5  to 3 . 0  hectares .  These 
farmers depend on l ivestock draft power ( cattle and buffaloes )  for 70 
percent of the ir cultivation and on livestock products for 
consumption . In 1985 , cattle and buffaloes ra ised by small farmers 
contributed 276 , 000 tons of the total meat production of 808 , 000 tons , 
or about 34 percent . The poultry industry contributed 318 , 000 tons , or 
39  percent of total meat production in the same year . Milk production 
for 1985  vas estimated at 190 , 000 tons of which 9 5  percent vas produced 
in Java . This production only fulfilled 25  percent of national 
consumption , however . Goat is the most important small ruminant in 
Indones ia and the most important s ide line of the smallholder family . 

The government is well aware of the importance of the l ivestock 
sector as a source of renewable animal prote in for human consumption , 
as a raw material for industry , and as a provider of draft power and 
manure for crops . The l ivestock sector also creates j obs and 
contribute s to the productive util ization of land resources . 

In Repe l ita IV , the main obj ectives of l ivestock development are : 

o To increase farm incomes and employment opportunities through 
enhanced production and productivity of l ive stock . 

o To increase the li�estock population and production to meet 
domestic demands . 

o To increase export earnings and reduce the import of l ivestock 
products . 

o To meet the demand for draft animals and the manure needed for 
crop production . 

o To conserve indigenous breeds , such as Bali  cattle .  
o To improve the grass land through e stablishment of 

better-qual ity forage , thus improving both natural resources 
and the environment . 

To meet the national obj ectives of l ivestock deve lopment , the 
following strategy is be ing implemented :  

o Ma intain and protect the existing and future l ivestock aga inst 
disease and disorders . 

o Improve feed and feed management . 
o Improve the genetic potential of l ivestock by importing 

high-value breeds and implementing artific ial insemination 
(AI ) and other appropriate breeding programs . 

o Improve skil ls and know-how through extens ion activities .  
o Improve the infrastructure and fac ilities for proces s ing and 

marketing l ivestock and l ivestock products . 

Copyright © National Academy of Sciences. All rights reserved.

Technical Meeting on Embryo Transfer and Animal Production:  Summary Report
http://www.nap.edu/catalog.php?record_id=18910

http://www.nap.edu/catalog.php?record_id=18910


- 21 -

BREEDING AND THE ROLE OF EMBRYO TRANSFER IN LIVESTOCK DEVELOPMENT 

The government has placed high priority on the development of dairy 
and beef cattle . The large ruminants - - cattle , buffaloes ,  and dairy 
cows - -play an important role in the rural economy . Bes ides providing 
meat and milk (often a substitute for imported milk powder needed by 
some milk process ing plants) for domestic consumption , they provide 
draft power for agriculture and transport , sustain a domestic leather 
industry , and provide hides and skins for export . They are also a 
means of accumulating capital . 

The general strategy for developing the population and improving 
the genetic potential of large ruminants is : 

o Prevent the slaughter of productive female animals by us ing 
law enforcement . 

o Select good bulls for distribution to a group of farmers . 
o Use the best bulls for the artificial insemination program 

being conducted in several provinces . 
o Develop the genetic qual ity of local breeds - - such as S umba 

Ongole ( SO) , Peranakan Ongole ( PO) , Madura , and Bal i  
cattle - -through village breeding programs as well as  modern 
breeding programs controlled by the implementation unit of the 
government proj ect . 

o Move some cattle and buffaloes from the densely populated 
areas to the vastly unpopulated areas through transmigration 
of livestock . 

o Import breeding stock with a high genetic value and the 
potential to cope with the lack of domestic breeding stock as 
well as to improve the genetic quality of the overall 
livestock population . 

o Import proven bulls and progeny-tested frozen semen to meet 
the demand for high-qual ity semen for the AI program . 

o Implement an embryo transfer program by us ing frozen embryos 
from the United States and England and undertaking an embryo 
transfer pilot proj ect by us ing Bal i  cattle as a donor and a 
rec ipient . 

o Implement a program for progeny testing da iry cattle with the 
support of the Japanese government through the pres idential 
a id program (BANPB.ES) .  

Breeding Large Ruminants 

Cattle . Three maj or breeds of indigenous cattle are found in 
Indones ia :  Ongole ,  Madura , and Bal i ,  as well as a fourth that is less 
well known , Aceh . In addition , cattle have been imported from 
Austral ia and New Zealand over the past 10 years . These imports 
include cros ses between Bos indicus and Bos taurus cattle , as well as 
some purebred �  indicus , often called Brahman bulls , used for mating 
purposes . 
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The Ongole breed cons ists of two maj or types : Sumba Ongole and 
Peranakan Ongole . Sumba Ongole (12§ indicus) were imported from India 
to the island of Sumba in 1914 ; they have remained purebred . Peranakan 
Ongole ,  a cross of J2a indicus cattle with a native breed , are found 
ma inly in Java . These two breeds have been used for improving the 
qual ity of draft cattle throughout Java and Sumatra , through the 
"Ongol isas i "  proce s s . The number of Sumba Ongole and Peranakan Ongole 
that can be distributed to the large pool of Indones ian cattle are 
l imited , however . Thus , this effort has not resulted in a change in 
the genetic base . 

Madura cattle are a cross between Bal i or indigenous Madura cattle 
and S inghala cattle from Sri Lanka . They provide both draft power and 
meat . 

Bal i  cattle probably resulted from the domestication of Banteng 
(� sunda icus) over a long time , pos s ibly beginning in prehistoric 
t imes . The udders and teats of Bal i cattle are smal l  and poorly 
developed ,  making them poor milkers . This breed is raised for draft 
power and beef . 

Aceh cattle are found in the district of Aceh in North Sumatra . 
They are very small animals , as  small or smaller than the Madura 
cattle , but they appear to be quite res istant to high temperatures and 
local paras ites . These cattle must be used in pairs to provide draft 
power . 

The Brahman cros s from Austral ia ,  developed there for commercial 
purposes , was obtained by cros s ing a purebred Brahman bull (12§ 
indicus) with (usually) a cros sbred female with equal Hereford and 
Shorthorn genes . This resulted in an animal that is one -half Brahman , 
one - fourth Shorthorn , and one - fourth Hereford . This cross exhibits 
hybrid vigor for growth and res istance to several parasites and 
diseases , and these animals ,  which are larger than the local breeds , 
have performed well in Indones ia .  With good conditions , nutrition , and 
management , the Brahman crosses make excellent mothers because they are 
good milkers . Moreover , their ability to reproduce is excellent under 
certain conditions . 

Cros sbred Fries ian cattle , which have from 7 5  percent to almost 100 
percent Frie s ian genes , are now in demand (espec ially the young bulls)  
by the newly developing feedlot industry in some regions . 

Finally , there appears to be an increased demand for higher qual ity 
beef by the 4 , 000 hotel and restaurant industries in Indones ia ,  as well 
as by the upper middle - c lass population in the larger c ities . 

Buffalo .  The swamp buffalo is found in the swampy areas of 
Indones ia ,  particularly in the rice production areas where the land is 
heavy and difficult to plow . This animal provides draft power in these 
areas and appears to be more res istant to disease than cattle . 

Dairy Cows .  The dairy cow population is made up almost exclus ively 
of purebred and grade Holste in-Fries ians . Today , Indones ian farmers 
accept only Holste in-Fries ians as milk cows ; no other breeds are 
cons idered . 
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Breeding of dairy cows and beef cattle in Indones ia is accomplished 
by artificial insemination . Semen is provided by the government . 
Breeding services are provided either by the government or by the IDD 
(Koperas i  Unit Desa) to which the farmer belongs . In the past a great 
deal of Holste in-Fries ian semen vas imported ,  but s ince 1972 the 
government of Indones ia has established bull studs for producing semen , 
initially at Lembang , West Java , and later at S ingosari , East Java . 
Lembang has the Holste in-Fries ian bulls ,  while Singosari produce s  
frozen semen from the Bali , Ongole , and Brahman breeds . Most dairy 
cows are bred artificially us ing semen produced at the AI center in 
Lembang . 

The small herd s ize of typical smallholders leaves l ittle room for 
selection on the female s ide . All he ifers must generally be raised as 
replacements . Interviews with farmers reveal that cull ing for low 
productivity is secondary to culling for loss of production from 
mastitis and reproductive disorders . Very rarely are female calves 
sold . Finally , a record system for milk production is not yet in 
place . 

Artific ial Insemination and Needs of Embryo Transfer 

Artific ial Insemination. The artific ial insemination program vas 
started in 1972 following the establishment of bull studs at Lembang . 
About 500 , 000 doses  of frozen semen are currently be ing produced by the 
AI centers at Lembang and Singosari and distributed to more than 20 
provinces throughout Indones ia .  About 200 , 000 head of cattle and 
buffalo are inseminated each year with a conception rate of 40-70 
percent . 

Among the alternative strategies mentioned above , artific ial 
insemination is the most important tool in efforts to improve the 
genetic potential of large ruminants . Us ing AI , a genetically superior 
bull can be used to impregnate more than 3 , 000 cows per year instead of 
only 70 us ing natural mating . 

This year the Indones ian government intends to increase the qual ity 
of frozen semen produced by instituting a progeny testing program . 
This activity will be organized by the AI Center at S ingosari with 
Japanese ass istance . The use of imported Holste in-Fries ian bulls or 
progeny- tested bulls for produc ing semen will have a pos itive effect on 
milk and beef production by F1 and higher - grade daughters because the 
bul ls belong to populations with average milk yields for dairy cows and 
rapid growth and high daily ga in for beef cattle . 

Embryo Transfer . Artific ial insemination techniques use the 
genetic superior ity of the male animal only . It may then be des irable 
to introduce a new technique - - embryo transfer - -that make s use of 
superior females as wel l . With the embryo transfer technique , a 
superior cow can produce more than 30 offspring per year instead of 
only one when mated naturally or through artific ial insemination . 

Embryo transfer may be an effective and eff ic ient method of 
obtaining a group of e l ite cows to produce candidate bul ls for 
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artific ial insemination , but it still faces many problems : lack of 
knowledge and skills , espec ially for farmers and technic ians , and its 
high price . Introduction of embryo transfer directly into the field is  
an expens ive operation , cons idered a luxury by small farmers . Another 
problem is the difficulty faced in organiz ing implementation of embryo 
transfer in the field given the widely sporatic distribution of cattle 
and the small herd s ize (one to three cows ) of farmers . Nevertheless , 
in the future this technique should be implemented along with the AI 
program . 

In a pilot embryo transfer proj ect established at C icurug , Java , 
frozen embryos were imported in l iquid nitrogen conta iners from the 
United States .  Embryo transfer us ing the surgical method vas carried 
out on three occas ions seven days after estrus . Calves born weighing 
50 kg are nov growing into adult cows and bulls . At the age of about 
24 months , the bulls nov we igh more than 700 kg . These animals have 
the genetic potential of the ir parents and produce an average of more 
than 9 , 000 kg of milk per annum compared to only 3 , 000 kg per annum for 
local dairy cattle . Thus , they represent a genetic pool of superior 
dairy cattle that should be fully util ized for improving the qual ity of 
dairy cattle in indones ia .  Maxtmum util ization of these animals can 
only be accomplished by us ing AI and embryo transfer technique s . 

Another embryo transfer pilot proj ect vas carried out at Pulukan , 
Denpasar , Bal i ,  in August and September 198 5 , us ing Bal i  cattle . The 
nonsurgical method vas used to collect embryos from selected Bal i  cows 
and to transfer them directly to rec ipients of the same breed after 
evaluation of the embryos . Unfortunately , not all the data on this 
proj ect are available . It is known , however , that the Bal i  cows 
produced 5 - 13 embryos at each collection , and that the pregnancy rate 
vas about 50 percent . 

The purpose of this pilot proj ect vas to provide in- service 
training for young researchers and field workers ,  as well as a means of 
transfering embryo transfer technology from the fore ign experts to 
Indones ian technic ians . It is hoped that the 16 workers trained in the 
embryo transfer proces s can later apply the ir knowledge . 
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PRESENT STATUS OF AND PllQSPECTS FOB 
IKBRYQ TRANSFER IN ANIMAL PRODUCTION IN INDQNESIA 

Hozes R .  Toel ihere 
Department of Reproduction and Obstetr ics , 

Faculty of Veterinary Medicine , 
Bogor Agricultural Univers ity 

INTRODUCTION 

Lack of animal protein is the maj or problem faced by the human 
population of developing countries , including Indones ia .  Animal 
production , the ma in source of the animal prote in , has long been 
neglected or less appreciated in these countries . Thus , the production 
of cereals  is steadily increas ing , while the production of animal 
protein is lagging far behind . 

The Bas ic OUtl ine of the State Policy (GBHN) of the Republic of 
Indone s ia states that overall national development should be directed 
toward improving the standard of l iving and well -being of all 
Indones ian people . It also states that this goal should be pursued by 
fully utiliz ing science and technology . 

The fourth five -year national development plan (Repel ita IV) 
emphas izes deve lopment of the agr icultural and industrial sectors , 
leading to self- suffic iency in food suppl ies . In the middle of 
Repel ita IV ( late 198 5 ) , Indones ia vas proclaimed self - sufficient in 
rice production by Pres ident Soeharto at a meeting of the Food and 
Agr iculture Organization in Rome . Thus from a nutritional point of 
view , the current supply of carbohydrates as the main component of 
nutrition is more than enough to feed the Indones ian people . Prote in , 
however , an essential component of nutrition , is still lacking . 

As stated in Repe l ita IV , agricultural development includes the 
development of fisheries and l ivestock production to provide animal 
prote in . The consumption of animal prote in in Indones ia is still very 
low , averaging less than 3 g per person per day , or about half of the 
min� da ily requirement of 5 g .  Growth of the population of 
Indones ia ,  which is currently more than 160 mill ion and increas ing at a 
rate of 2 . 34 percent per year , has far surpassed that of animal 
production , the ma in source of animal prote in as ide from aquatic 
resources . The cattle population remains fairly static at about 6 . 7  
mill ion head , while the population of water buffaloes decreases each 
year (Table 1 ) . 

The Directorate - General of Livestock Services , Department of 
Agriculture is making a maj or effort to cope with Indones ia ' s  l ivestock 
problems by intervening in the l ivestock population , supporting farm 
cooperatives , and fac il itating the market flow . 
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TABLE 1 Population (Thousands ) of Farm Animals ( Ezcept Horses and 
Poultry) in Indones ia ,  1969-1984 

Beef Dairy 
Year Cattle Cattle Buffalo Coat Sbeep Syine 

1969 6 , 447 52 2 , 976 7 , 544 2 , 998  2 , 87 8  
1970 6 , 130 5 9  2 , 8 76 6 , 3 36 3 , 362 3 , 169 
1971  6 , 245 66 2 , 9 76 6 , 943 3 , 146 3 , 382 
1972 6 , 286 68 2 , 822 7 , 18 9  2 , 996 3 , 350 
1973  6 , 637  78 2 , 48 9  6 , 79 3  3 , 45 7  2 , 768 
1974 6 , 380 86 2 , 415 6 , 517  3 , 403 2 , 906 
1975  6 , 242 90 2 , 432 6 , 315  3 , 3 74 2 , 707 
1976 6 , 2 3 7  8 7  2 , 284 6 , 906 3 , 603 2 , 947 
1977  6 , 217  9 1  2 , 292 7 , 292 3 , 804 2 , 9 79  
1978 6 , 330 9 3  2 , 312 8 , 05 1  3 , 611 2 , 902 
1979  6 , 362 94 2 , 432 7 , 65 9  4 , 07 1  3 , 18 3  
1980 6 , 440 103 2 , 45 7  7 , 69 1  4 , 124 3 , 15 5  
1981 6 , 516  113 2 , 48 8  7 , 790 4 , 177  3 , 364 
1982 6 , 594 140 2 , 5 13 7 , 2 31  4 , 2 3 1  3 , 58 7  
1 9 8 3  6 , 660 162 2 , 538  8 , 049 4 , 316 3 , 677  
1984 6 , 7 5 1  169 2 , 5 3 3  8 , 098 4 , 343 4 , 07 9  

SOURCE : Directorate -General of Livestock Services ,  Ministry of 
Agriculture , 1985 . 

Intervention in the farm animal population includes manipulation of 
quantity and qual ity , distribution , supporting environmental 
conditions , and product orientation of the animals . To increase the 
quantity and qual ity of farm animals , the government has imported 
cattle and water buffaloes ,  reinforced the law to prohibit the 
s laughter of productive female animals , focused on prevention of 
infectious diseases , and applied the AI technique to reproduce large 
farm animals . Animals imported from New Zealand , Australia , and 
recently from the United States , as well as those from densely 
populated regions in Indonesia , are being distributed to other less 
populated regions of the county . Special attention is be ing given to 
the geographic , geopopulation , and geoculture of these regions . 
Efforts are also be ing made to improve supporting environmental 
conditions , particularly management and feeding . Preferences for 
particular products of farm animals are be ing cons idered as well , with 
an emphasis  on increases in their quantity and qual ity . 

In the case of large farm animals , sophisticated reproductive 
technique s--artific ial insemination (AI ) and embryo transfer (ET) - -are 
required . Artifical insemination us ing frozen semen has been applied 
to cattle and buffaloe s in Indone s ia s ince 1972 and 1981 , respectively . 

Indone s ia ' s  two AI centers , located at Lembang , Ve st Java , and 
Singosari near Halang , East Java , are concerned mainly with the 
production and distribution of frozen semen stored in l iquid nitrogen 
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containers . This semen is distributed to more than 20 provinces 
throughout Indones ia .  each of which has its own network of Aiactivities 
under the Office of Livestock Services . About 300 . 000 head of cattle 
and buffalo are inseminated each year with a conception rate of 40 - 7 0  
percent . Infertil ity problems with farm animals and the inexperience 
and lack of attention of farmers are still hamper ing the progres s  of 
the AI program in Indone s ia .  

INTRODUCTION OF EMBRYO TRANSFER IN DAIRY CATTLE IN INDONESIA 

Under the initiative of the minister of cooperatives .  a pilot 
proj ect was established at the PT Berdikari United Livestock feedlot 
and da iry farm at Cicurug . We st Java . to introduce the use of embryo 
transfer in dairy cattle in Indones ia .  This pilot proj ect was carried 
out with the cooperation of Indone s ia ' s  Department of Cooperatives and 
the Granada International Corporation (Texas ) .  

In this proj ect . frozen Bolste in- Fries ian embryos . collected from 
registered . genetically superior cows at the Granada International 
Corporation farm in Texas . were imported in l iquid nitrogen containers . 

Embryo transfer was carried out on three occas ions . In March 1984 . 
207  cows were se lected and brought into the PT Berdikari United 
Livestock farm at Cicurug for treatment to meet the necessary 
requirements for embryo trans fer (Gunn and Old . 1981 ; Anonymous . 
1 9 84) . The 207 cows were then divided into four groups of about 5 0  
animals each . and the estrus o f  each was synchronized in such a way 
that within five days embryo transfer could be carr ied out in not more 
than 40 cows per day . 

Estrus was synchronized us ing intramuscular inj ections of 2 5  mg of 
Lutalyse (prostaglandin F2•lpha > per animal and repeated 11  days 
later . Only 113 head ( 54 . 6  percent) of the se cows were in heat . 
however . after the second inj ection . According to G .  D .  Mahon 
(personal communication . 1981) . after administration of prostaglandin 
e strus should appear in 8 0 - 8 5  percent of the treated cows . The low 
response to prostaglandin can be caused by many factors . including 
management and nutritional status . Only 7 7  head (68 percent) were . in 
the end . used as rec ipients . 

Before transfer . the glass  ampules conta ining the frozen embryos 
were taken out of the liquid nitrogen conta iner and thawed in tap water 
at 30°C .  The embryos were then put into phosphate buffer sal ine 
( PBS ) solution and downgraded concentrations of glycerol of from 10 . 
8 . 7 .  s .  3 . 3 .  to 1 . 7  percent for as long as 10 minute s each . At the end 
of the proce s s  the embryos were put into pure PBS solution for 20- 30 
minute s .  Meanwhile . the embryos were evaluated and divided into four 
categories (A . B .  c .  and D) . according to the ir qual ity . Before 
trans fer . the rec ipient animals were rectally palpated to determine on 
which s ide the corpus luteum was located . 

The embryos were transferred seven days after estrus us ing the 
surgical method . After local anesthes ia with l idocaine 2 percent was 
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administered , an inc is ion of 20 em was made at the caudodorsal end of 
the flank on the same s ide as the corpus luteum . The uterine horn was 
gently pulled out , and an embryo was depos ited near the end . The 
uterine horn was then pushed back into its previous pos ition , and the 
wound was closed with s everal stitches . 

Rectal palpation carried out two months later revealed that 26 
( 3 5 . 14 percent) of the 77 rec ipients were pregnant . This re sult was 
higher than that obta ined in South Korea (20  percent) by the same 
workers ( G . D .  Mahon , personal communication , 1984) . This figure was 
lower , however , than that mentioned by Jillela ( 1982 ) --40-70 percent . 

Most ( 92 . 3  percent) of the pregnant animals had received A-qual ity 
embryos , while the rest of the pregnant animals ( 7 . 7  percent) received 
B-qual ity embryos . Those rece iving e-qual ity embryos were not 
pregnant . Most ( 8 4 . 6  percent) of the pregnant animals had a 
f irst-grade corpus luteum , and the rest ( 15 . 4  percent) had 
second-grade . Those having a third-grade corpus luteum were not 
pregnant . In summary , most ( 76 . 9  percent) of the pregnant rec ipients 
had a first-grade corpus luteum and received an A-qual ity embryo . 

The results of this embryo transfer proj ect were thought to be 
good , s ince it was the first time ET had been introduced and appl ied in 
Indone s ia with the existing constra ints . 

The second embryo transfer activity took place in July 1984 at 
Cicurug , West Java , At that time , 228 healthy and nonpregnant adult 
cows were selected and synchronized . Of these , 175  cows went into 
heat , and 145 were used as rec ipients . The embryos were then 
transferred us ing the surgical method and 62 ( 42 . 76 percent) cows 
became pregnant . 

The birth we ights of the calves ranged from 30 to 50 kg . At the 
age of about 24 months , the bulls have reached more than 700 kg body 
we ight . In January 1987 , semen samples from 17 bulls , aged less than 
24 months , were collected . They showed an average volume of 5 ml per 
ej aculate , a sperm concentration of about 1 , 000 mill ion cells per 
milliliter , and an average motil ity of 75 percent . All the female 
animals have been mated and are currently pregnant . More than 80 
Bolste in- Pries ian cows and bulls of super ior qual ity are now available 
at C icurug . 

In another proj ect , a small number of frozen Brahman embryos were 
brought together with frozen Fries ian embryos and transplanted 
surgically into beef cattle of the graded Ongole and Brahman 
crossbreeds at the Bila River Ranch in South Sulawe s i . The pregnancy 
rate was over that of the dairy cattle . 

In July 1986 , the Directorate -General of Livestock Services 
imported from England 200 frozen Bolste in-Pr ies ian embryos which were 
stored in ampule s  in a l iquid nitrogen container . About half of the 
embryos were used in an embryo transfer activity in East and West Java . 

Selected Bolste in-Pr ie s ian rec ipients underwent estrous 
synchronization by means of intramuscular inj ections of the 
prostaglandin P2al ha 11  days apart . Embryo transfer was carr ied out 
7-8 days into the istrous cycle after the last prostaglandin inj ection . 
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The frozen embryos vera thawed by immers ing the ampules in a water 
bath at 3 5°C .  The embryos vera then removed and placed into a series 
of small petri dishes containing PBS and downgraded concentrations 
ofglycerol from 10 to 0 percent . Finally , each embryo vas placed in a 
transparent plastic ministrav and transferred to the rec ipient us ing 
the nonsurgical method . 

No data are available on the results of this activity . The 
conception rate vas low , however . 

USEAB.CH ON EHBllYO TRANSFEll IN LAllGE FARM ANIMALS 

Water Buffalo 

In November 1985 , an experiment us ing embryo transfer vas carried 
out in Padang Lavas , Southern Tapanuli ,  North Sumatra . It vas a imed at 
upgrading the local swamp water buffalo toward da iry buffalo . 

Twelve female swamp buffaloe s vera selected as donors . Estrus vas 
synchronized by an intramuscular inj ection of 20 mg Enzaprost 
( PGF2alpha > •  and superovulation vas induced by an intramuscular 
inj ection of 2 , 500 IU PMSG ( Pregnant Mare Serum Gonadotropin) . This 
drug has been used by other investigators ( Betteridge , 1977 ; Jillela , 
1982 ; Parnpai at al . , 1985 ) . The se animals vera then inseminated with 
frozen semen of the Murrah da iry buffalo breed . 

Embryoes vera collected seven days after insemination us ing the 
nonsurgical method . A microscopic examination shoved that no embryos 
vera produced in this trial . Instead , many luteal and follicular cysts 
vera formed in the ovaries . 

Apparently , the swamp buffalo does not re spond to this treatment . 
Further intens ive research on the kind , dosage , and combination of 
hormones used in establ ished embryo transfer in this particular animal 
should be carr ied out . 

Based on the experience described above , a study of embryo transfer 
in the swamp buffalo is be ing undertaken by Tuty L. Yusuf , a 
postgraduate ( S- 3 )  student and staff member of the Department of 
lleproduction and Obstetrics , Faculty of Veterinary Medic ine , Bogor 
Agricultural Univers ity . This trial is intended to compare the effect 
of pure Follicle Stimulating Hormone (FSH) and Pregnant Mare Serum 
Gonadotropin on superovulation and embryo production in the swamp 
buffalo . According to Heath ( 1981)  and Brand and Hoogenkamp ( 1982 ) , a 
dose of 3 0 - 50 mg pure FSH inj ected in the fragment twice a day for f ive 
consecutive days could induce superovulation . 

Two groups of three buffaloes each are undergoing treatment as 
donors with inj ections of 30 mg FSH and 2 , 500 IU PMSG , respectively . 
Each animal in both groups is also inj ected intravenously with Human 
Chorionic Gonadotropin (HCG) to enhance ovulation . All animals are 
artific ially inseminated three time s at estrus . Embryos are then 
retr ieved us ing the nonsurgical method . 

The results obta ined thus far indicate that animals inj ected with 
pure FSH produce more corpora lutea , as a phys iological proof of 
superovulation , than those inj ected with PMSG . So far no embryos have 
been obta ined from these animals . 
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Dairy Cattle 

After succeeding with embryo transfer us ing frozen embryos . the 
dairy farm of PT Berdikari United Livestock in C icurug . now called PT 
Kariyana Gita Utama . will attempt to produce its own embryos from the 
ET progenies . Before ET is applied in the se superior animals . however .  
this technique is be ing tested in the local inferior dairy animals . 
Sabdi Hasan Al iambar . an S-2 graduate student and staff member of the 
Department of Veterinary Clinics . Faculty of Veterinary Medic ine . Bogor 
Agricultural Univers ity . is currently undertaking research in this area 
at the dairy farm in Cicurug . 

Two groups of four donors each are be ing treated alternatively with 
pure FSH and pure FSH combined with HCG . respectively . for 
superovulation . Embryos are then collected us ing the nonsurgical 
method . 

The pre l iminary results show that the combination of FSH with HCG 
produced more corpora lutea (about 10 per donor) than FSH alone (about 
five per donor) . 

On January 2 3 . 1987 . e ight embryos were obtained successfully from 
one donor that was treated with FSH and HCG . The first embryos of 
large farm animals ever produced in Indones ia .  they were transplanted 
into f ive rec ipients . No estrus has been detected over two weeks after 
transfer or three weeks after estrus . which may indicate pregnancy in 
at least some of the rec ipients . 

CONCLUSIONS 

The following conclus ions were reached after f ield and laboratory 
studies of embryo transfer in cattle and swamp buffaloes were carried 
out in Indones ia :  

o The embryo transfer technique could be applied in improving 
the qual ity of cattle in Indones ia .  but intens ive studies 
should be carr ied out before this technique is applied to 
water buffaloes .  

o The nonsurgical method seems to be more practical than the 
surgical method . and the conception rate obta ined from the 
nonsurgical method does not differ from that obta ined us ing 
the surg ical method . 

o The donor as well as the rec ipient animals should be in 
optimum reproductive condition before they are subj ected to ET 
activities . 

o Prostaglandin in the form of Lutelyze and Enzaprost can be 
used effectively to synchroniz e  estrus in cattle as well as in 
buffaloes .  

o The transfer of embryos in da iry cows at day seven would bring 
maximum re sults . 

o The quality of the embryos and of the corpora lutea determine 
the success rate of the embryo transfer technique . 
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o An intramuscular inj ection of 2 , 500 IU PMSC does not 
successfully induce superovulation in the swamp buffalo . 

o An inj ection of pure FSH in combination with HCC produces more 
corpora lutea in cattle and swamp buffaloes than an inj ection 
of PMS G .  

o Successful appl ication of the nonsurgical method and conduct 
of the laboratory work related to embyro transfer require 
wel l - trained and highly skilled technicians and veterinarians . 

RECOMMENDATIONS 

Based on past experience with embryo transfer in the f ield and 
laboratory us ing the surgical as well as the nonsurgical method in 
large farm animals in Indones ia ,  the following steps are recommended :  

o The national policy , strategy , and program for research on and 
the appl ication of embryo transfer to farm animals should seek 
to improve l ivestock production in Indones ia .  

o The pr iority of f ield appl ications of embryo transfer should 
be the improvement of dairy cattle production , in l ine with 
the national l ivestock development pol icy . 

o Given the lack of selected genetically superior female animals 
to be used as donors (other than the ava ilable ET progenies at 
C icurug) , more embryos should be imported to establish a 
nationa l stock of genetically superior Holste in-Fries ian 
cattle . 

o Intens ive studies should be carried out on the domestic dairy 
and beef cows to be used as rec ipients under the standard 
compared to the traditional methods of feeding and management . 

o Skilled technic ians and experienced staff should be trained to 
undertake the embryo transfer technique .  

o Easy acce s s  to the hormones needed for estrous synchronization 
and superovulation , the materials for suspens ion and 
preservation of embryos , and the equipment needed for embryo 
col lection , freez ing , and transportation (at reasonable 
price s )  should be approved . 

o Further research should be carried out on the development and 
appl ication of embryo transfer techniques to beef cattle and 
swamp buffaloe s .  
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PRESENT STATUS OF AND PROSPECTS FOR EMBRYO TRANSFER 
IN THE QNITED StATES 

Raymond Wright , Jr 
Department of Animal Sc iences , 

Washington State Univers ity 

HISTORICAL PERSPECTIVE 

Walter Heape performed the first embryo transfers at the end of the 
last century , and had a profound influence on other studies of 
reproduction as we ll , inc luding uterine environment , sperm- egg 
interaction , and anatomy of the reproductive tract . Heape ' s  first 
transfer in 1890 stimulated an interest in embryo transfer in both 
Europe and the United States ; for a review , see Betteridge ( 1981) . 

Gregory Pincus and his colleague H .  C .  Chang are probably best 
known for the ir work in developing the oral contraceptive while at the 
Worcester Foundation in Shrewsbury , Massachusetts . Before that , 
however ,  Pincus had successfully transferred rabbit embryos to 
rec ipient does in 1929 while serving as a vis iting National Research 
Counc il Fellow from Harvard Univers ity . 

This work by Pincus stimulated interest in how this new sc ience 
might be appl ied to the genetic improvement of domestic l ivestock . For 
example , the Foundation of Appl ied Research in San Antonio , Texas , 
founded in the 1910s , collected over 750 donor cattle during an 
e ight-year per iod . The results were disappointing , however . The 
effort achieved only four pregnanc ie s , all of which aborted before 
e ight months . Neverthe les s , what was learned about embryo collection 
and transfer , superovulation , and embryo handl ing played a role in a 
cooperative effort undertaken by the U . S .  Department of Agriculture and 
the Univers ity of Wiscons in in 1 9 5 1  to achieve the first l ive birth in 
cattle from embryo transfer ( see Table 1 ) . 

Although synchronization and superovulation were relatively routine 
procedures in the 1950s , the succe ss  rate s of embryo transfer remained 
low in domestic animals . Much interest was centered around the embryo 
collection and transfer procedures patterned after earl ier work in 
laboratory animals . Superior re sults were reported in the 1960s by 
L .  E .  A .  Rowson who us ed surg ical methods in sheep , goats , and cattle ,  
with exploitation of this technology for the commerc ial embryo transfer 
marketplace . The compl ications of adhe s ions , surgical trauma , and the 
high cost of embryo trans fer l imited its appl ication , however , to 
donors of superior gene t ic or monetary value . In the 1970s , 
laborator ies in Japan , the United States , and Europe developed the 
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TABLE 1 First Records of Successful Embryo Transfers 

Date 

1891  
1933  
1934 
1934 
1942 
1949 
1949 
1951  
1951  
1964 
1968 
1974 
1976 
1978 
1978 
1979  
1981  
1984 
1984 
1984 

aRe insert ion . 
bAborted .  

Spec ies 

Rabbit 
Rat 
Shea� 
Goat 
Mou�e 
Cow 
Goat 
Cove 

Pig 
Cow ( cervical)  
Ferret 
Horse 
Baboon 
Mane 

Cat 
Dog 
Gaurd 

Marmo�et 
Zebra 

horsed Przevalskis 

:In vitro fertil ization and re insertion . 
Interspecies rec ipient . 

nonsurgical embryo collection technique s for cattle used today . This 
technological advance allowed the collection and transfer of embryos 
outs ide the surgical arena , and a new "on-the - farm" embryo transfer 
industry evolved ( Figure 1) . 

The embryo transfer industry is nov fully established in over 14 
countries . As of 1979 , an estimated 13 , 000 cattle embryos had been 
transferred in the United States and over 4 , 000 in Canada (Seidel and 
Seidel , 1981) . Although the collection and transfer of embryos is nov 
routine , the related technologies of embryo preservation and 
micromanipulation for the production of identical twins , determination 
of sex , and control of genetic makeup of the embryo will result in 
reduced costs and wider application of embryo transfer technology . 
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FIGURE 1 Potent ial uses and appl icat ion of embryo transfer in cattle . 

TECHNOLOGY OF EMBRYO TRANSFER 

Donor and Rec ipient Selection 

Selection of an animal to be an embryo transfer donor is based on 
many crit eria. In cattle the dec ision may be based on e conomics rather 
than true genetic superiority . The following se lection criteria will 
insure genetic superiority as we ll as a good probab il ity of produc ing 
embryos of high qua l ity : 

o Whenever possible, a donor with a previous success record in 
embryo transfer should be selected. Recent informat ion 
suggests that certainly in sheep and perhaps in cattle 
suc cessful superovulat ion is related to the total number of 
oocytes in the ovary before treatment . The number of oocytes 
present in the ovary depends on the breed used . 

o Donors should be between the ages of 1 and 4 years in sheep 
and 3 and 1 0  years in cat tle . 

o Donors should be free of genet ic and other disease and 
conformat ional abnormalit ies . This is part icularly crit ical 
for meet ing the health requirements for the exportat ion of 
embryos. 
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o Donors should exhibit regular estrous cycles and have had at 
least two regular cycles following a seasonal or lactational 
ane strus . 

o Donors should include animals with superior production traits 
of economic importance and above - average production of 
offspring from previous matings of the same dam and s ire . 

o Donors should have a sound reproductive record , including no 
more than two inseminations per conception or three calves 
born within two calendar years . 

o Donors should be part of a rout ine herd health program that 
includes genetic consultation and evaluat ion of the production 
performance of offspring . Practit ioners should educate 
c l ients about the expectations for success and the difficulty 
of obta ining offspring from problem donors . 

Rec ipient management is critical to the success  of an embryo 
transfer program , but it is commonly overlooked . Generally , rec ipients 
should be selected and culled according to the same criteria used by 
super ior commercial or purebred cattle operations . Purchase of 
rec ipients from the sale barn and use of infert ile recipients or 
animals  previous ly treated with growth stimulants should be avoided at 
all cos ts . Rec ipients that are too thin or too fat should also be 
excluded from an embryo transfer program . Cows , when well managed , can 
s erve as wel l  as he ifers as rec ipients because of the lower occurrence 
of perinatal mortal ity and good conception rates as soc iated with them . 

New rec ipients should have been vacc inated as calves . Upon 
arrival , they should be isolated and te sted for tuberculosis and 
brucellos is , treated for internal and ectoparas ites , given preventive 
virus and leptospiros is vacc inations , and identified with both metal 
and plastic ear tags . Rec ipients can be grazed on pasture , but they 
should receive about 20 lb of high- energy gra in ration daily while 
lactat ing . Rec ipients in a growing phase of nutr ition and with a 
dystocia- free history can be used as early as 60 - 90 days after calving . 

Cattle 

Estrous Synchronization . A high degree of es trous synchronization 
between donor and rec ipient is essential for high conception rates . An 
equally important factor for high conception rate s is embryo quality . 
A high - qual ity embryo can adjust better to a greater degree of 
asynchrony than an embryo of poor qual ity . 

Prostaglandin F2a ( PGF2a > or its analogues are the most common 
luteolytic agent used to synchronize estrus in cattle ( see Table 2 ) . 
While there are differences in the struc ture and biological activities 
of prostaglandin products , there is no evidence to suggest that one 
particular product is superior to another . 

Estrus occurs approximate ly 48 hours following administration of a 
luteolytic dose  of PGF2a . Ideal ly , rec ip ients should be in estrus 
12 - 18 hours before or on the same day as the donor . Poor pregnancy 
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TABLE 2 Proataalandtn and Proataalandtn Analoaues 

Aaent 

Dinoproat 
Cloproatenolb 
Alfaproatol 
l'enproataleneb 

Trade Naae 

Lutalyae 
latrumate 
Alfave 
Bovilene 

:Do•• recommended by the manufacturer .  
Analope . 

Manufacturer 

Up j ohn 
ICI Pharma 

Hoffman-Lalloche 
Syntez 

Dose• 

25 Ill 
500 1 

5 q 
l ma 

rates may result when rec ipients exhibit estrus 60 hours or lonaer 
followina the PGI'20 inj ection . 

SuperoyulatiOQ . Donor cows will respond more predictably when the 
superovulatory hormone is aiven 8- 14 days followina estrus . The druas 
Preanant Hare Serum Gonadotrophin (PHSG) and Foll icle Stimulatina 
Hormone (I'SH) are most commonly used to induce superovulation . Vhen 
compared to PHSG . however . I'SH has been shown to result in the recovery 
of more embryos which are of superior qual ity . PHSG may be used for a 
donor suspected of be ina refractory to I'SH because of repeated 
stimulation or for other problem donors . 

I'SH is aenerally administered twice daily . althouah several studie s  
have shown no decrease in response with once - a - day inj ections . Certain 
donors may require the addition of luteiniz ina hormone (LH) to I'SH at a 
1 : 5 ratio . It is not routinely added . however . as most commercial 
preparations of I'SH contain some LB .  Several superovulation treatment 
schedules are shown in Table 3 .  Schedule A is used for a donor that 
does not respond well to I'SH treatment . Schedule B is most often used 
for superovulat ion of he ifers or donors not previous ly superovulated 
where hyperstimulat ion could ezist . Donors previously stimulated with 
I'SH and obese or older cows may respond better to Schedule C .  

Practitioners should recoanize that superovulation is a hiahly 
variable event . and that hyperstimulation is always poss ible (l'ipre 
2) . Strict attention to detail is neces sary for a successful embryo 
transfer proaram . includina donor and rec ipient selection .  health and 
nutrit ion . t imina of inj ect ion . and estrous detect ion . 

Breeding . Little difference in concept ion rates are observed 
between fresh semen . natural breedina . and art ificial inseminat ion when 
timed correctly with ovulat ion . Donors may ovulate over 24 hours . with 
the interval from estrus to the first ovulat ion remainina unchanaed . 
Multiple breedinas at 12 -hour intervals are aenerally used (Table 3 ) . 
with some breeders ua ina two units of frozen semen at each breedina . 
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TABLE 3 Superovulation Treatment Schedules for Cattle 

10 

ll 

12 

13 

14 

1 5  

T ime Schedule A 

AM 2 , 500 - 5 , 000 

PM 
AM 

IU PMSG 

PM Rec ipient , PGF2a 
AM Donor , PGF2a 
PM 
AM 
PM 
AM 
PM Breed 
AM Breed 
PM Breed 

8Day of onset of estrus . 
bRec ipient , PGF2a c Donor , PGF2a 

Schedule B 

5 mg FSH 

5 mg FSH 
4 mg FSH 
4 mg FSHb 
3 mg FSHc 
3 mg FSH 
2 mg FSH 
2 mg FSH 

Breed 
Breed 
Breed 

Schedule C 

5 mg FSH 

5 mg FSH 
5 mg FSH 
5 mg FSHb 
5 mg FSHc 
5 mg FSH 
5 mg FSH 
5 mg FSH 

Breed 
Breed 
Breed 

FIGURE 2 Large cystic foll icles foraed following superovulat ion with 
PMSG in sheep . 
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Semen should be rout inely examined before inseminat ion , and 
particular care should be given to cleanl iness and good inseminat ion 
techniques . Bull fert il ity has been shown to be highly correlated with 
the number of fert il ized embryos recovered ,  and it may affect the 
viability of embryos transferred .  

Sheep and Goats 

Estrous Synchronization . Rec ipients can be synchronized with 
PGF2a • progesterone , or intravaginal progest ins (Table 4) . PGF2n 
given during the luteal phase of the cycle will produce estrus within 
one to three days . A double inj ection of PGF2a given 8 - 10 days apart 
in sheep and 12 - 14 days apart in goats is useful when the date of the 
last estrus is unknown . Proges t in pes saries can be used for estrous 
synchronizat ion in cycling rec ipients or for the induction of estrus in 
anes trous animals (Table 4) . Adminstrat ion of PKSG ( 3 5 0 - 500 IU) or 
1 , 000 units of LH ( IV) at the t ime of pes sary removal can be used to 
aid ovulat ion for animals treated during anestrus . 

Superovulat ion . The poor ovulat ion rate and increased number of 
unovulated foll icles assoc iated with the use of PMSG in sheep and goats 
has made FSH the drug of choice . FSH treatment is init iated two to 
three days before PGF� pessary removal (Table 5 ) . Teaser males are 
useful in the detect ion of estrus at 12 -hour intervals start ing 12 
hours after PGF� inj ect ion or pes sary removal . 

Pes sary removal or PGF2a inj ect ion for rec ipients should occur 24 
hours before that for superovulated donors to insure es trous 
synchronizat ion . Like cattle , the superovulat ion response in sheep and 
goats is highly variable , depending on the age and nutrit ional status 
of the donor and t ime of breeding season . Breeds of high fecundity 
(Finnish Landrace ) generally respond better than breeds of low 
fecundity ( Suffock) . 

TABLE 4 Synchronizat ion Treatment in Sheep and Goats 

Agent Dose  Comments 

Progesterone 1 0 - 1 5  mg ( IM) Durat ion 12 - 14 days , sheep ; 
14- 18 days , goat 

Proge s t in 3 0 - 45 mg Durat ion 12 - 14 days , sheep ; 
(Cronolone ) (pessary) 14- 18 days , goat 

PGF2 a 8 - 15 mg ( IM) Luteal phase  of  cyc le 

Cloprostenol 1 5 0 - 250g ( IM) Luteal phase  of  cyc le 
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TABLE 5 Superovulat ion Schedule 

Sheep Goat 

Day8 Time Treatment Day8 Time Treatment 

10  AM 5 mg 14 AM 5 mg 
PM 5 mg PM 5 mg 

1 1  AM 4 mg 15  AM 4 mg  
PM 4 mg PM 4 mg 

12 AM 3 mg + PGF2o. 16 AM 3 mg 
PM 3 mg PM 3 mg 

13  AM 2 mgb 17  AM 2 mg + PGF2a 
PH 2 mg PM 2 mg

b 18 AM 2 mg 
PM 2 mg 

8Day of onset of 
bPes s;ry removal . 

estrus . 

Breeding . Superovulated ewes cons istent ly show a lower 
fert il izat ion rate compared to does , poss ibly as a result of poor sperm 
transport through the cervix , endogenous progesterone , or the res idual 
affect of the progestin pessary . Ewes and does should be inseminated 
or hand -mated at 12 -hour intervals unt il the ces sat ion of estrus . 
Fert il izat ion rates are generally higher with natural mat ing compared 
to art ific ial inseminat ion for both ewes and does . 

Swine 

Embryo transfer is performed in swine to prevent and control 
disease , not to produce genet ically superior offspring . A survey 
conducted by P .  A .  Mart in in 1981 showed that 43 percent of commerc ial 
embryo transfers were performed to establ ish new herds from herds with 
pseudorab ies , 2 6 percent to make addit ions to specific pathogen- free 
herds , 23 percent to obtain boars for closed commerc ial herds , and only 
7 percent to obta in offspring from genet ically superior donors . 

Estrous Synchronizat ion . Synchronizat ion can be achieved by 
weaning a group of sows for which estrus will occur in 4 - 10 days . A 
high proport ion of sows will be in estrus within 4 - 5  days when 500- 800 
IU of PMSG are given at the t ime of weaning . An alternat ive method is 
to breed sows and abort them between the s ixteenth and forty- f ifth days 
of pregnancy with two inj ect ions of PGF2a l2 hours apart . A t ighter 
synchrony can be achieved with an inj ection of 500 - 800 IU of PMSG at 
the t ime of the second PGF2a inj ection .  
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Superovulation .  In females from which embryos are collected for 
more than two consecut ive estrous cycles , the t ime of estrus is usual ly 
not controlled and superovulat ion is not used . Sows can be 
superovulated with a s ingle inj ect ion of 1 , 200 - 1 , 500 IU of PMSG at 
weaning or at the first PGF2a inj ect ion administered between the 
s ixteenth and forty- fifth days of pregnancy . The superovulat ion 
response ranges from 0 to 45 ovulat ions and is quite variable among 
individual females and breeds . 

Breeding . Opttmum concept ion is achieved with natural mating or 
art ific ial inseminat ion every 12 hours from the onset of es trus . 
Approximately 7 5  ml of semen should be used for art ific ial 
inseminat ion , and it should contain at least 5 billion l ive 
spermatozoa . 

EMBRYO COLLECTION AND TRANSFER 

Before 1975 , most embryos were collected us ing surgical methods . 
Nonsurgical approaches are now commonly used for embryo collect ions in 
catt le and horses . Surgical procedures  are s t il l  be ing used in the 
other farm spec ies , primarily because of the difficulty encountered in 
pas s ing a catheter through the cervix . Nonsurgical techniques avoid 
potent ial damage to the reproduct ive tract by adhes ions , they are 
repeatable , they do not require e laborate fac ilities , and they can be 
performed on the farm . Nonsurgical techniques can only be appl ied , 

however , when the embryos have reached the uterus and in animals where 
the cervix can be penetrated with a catheter . 

Cattle 

Collect ion . One - to e ight - cell  embryos (one to five days following 
estrus ) can be collected by flushing media e ither from the f imbriae 
toward the uterus or from the uterotubal junct ion toward the f imbriae 
fol lowing insert ion of a glass or Teflon cannula into the 
infundibulum . This surgical approach has l imited commerc ial 
appl icat ion as it requires general anesthes ia and surgical invas ion of 
the abdominal cavity . 

Embryos are rout ine ly collected by nonsurgical methods s ix to e ight 
days after the onset of estrus . Prior to day f ive the embryos may be 
in the oviduct and after day e ight may be hatched (escaped from the 
zona pel luc ida ) , difficult to visual ize , and fragile . 

The donor is placed in a restraining chute , and the rectum is 
cleared of feces . The front end of the donor should be elevated a 
mintmum of 14 inches to create a pos it ive pres sure in the abdomen . The 
perineal  region and vulvar l ips are thoroughly wa shed with water with 
part icular attent ion given to removing all soap from the region . The 
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tail is t ied out of the way and an epidural anesthetic is 
adminis�ered . The pract it ioner must not introduce air into the rectum ; 
this problem is frequently encountered in older dairy cows . The 
ovaries can be palpated to approximate the number of corpora lutea and 
large , unovulated follicles . 

Two types of catheters are commonly used for nonsurgical collect ion 
in cattle . The Foley catheter is inexpens ive , is readily available , 
and can be reused following gas steril izat ion (ethylene oxide ) . The 
length of the Foley catheter may be l imiting , however , in collecting 
embryos from large dairy cows , and the rubber is very flexible which 
can cause difficulty in threading the uterus . In addit ion , a st ilette 
is not provided with this catheter and must be manufactured . 

The Rausch catheter is 67  em long with an 18 - gauge outs ide 
diameter . A st ilette with a Luer- Lik fitt ing is also supplied . This 
catheter is somewhat st iffer than the Foley catheter which makes 
threading the uterus s impler . The catheter tip to the cuff is 5 . 5  em 
long ( longer than the Foley) and has four holes to inj ect and retrieve 
fluid . The Rausch catheter is expens ive and not generally available 
from medical supply houses , but it can be reused following gas 
steril izat ion . 

Two systems are commonly used for nonsurgical collect ion in cattle : 
the cont inuous - flow , c losed - c ircuit system and the interrupted - syringe 
method . Pract itioner• may use a combinat ion of these two systema , and 
both are equally effective when done properly . The closed system 
offers the advantage of sterility and fluid control , but it requirea 
addit ional tubing and connect ions . The syringe method is faster and 
allows embryo searching before the flush is complete ( Figure 3 ) . 

The sterile catheter with the st ilette locked into pos it ion is 
coated with a sterile lubricant ( it is advisable to use a plast ic 
sheath over the catheter to prevent contamination of the uterus ) . 
Extreme care should be taken to remove all fecal contaminat ion from the 
l ips of the vulva which are parted vide for catheter insert ion . The 
catheter is pas sed through the cervix aided by manipulat ion through the 
rectal vall and into the right uterine horn while withdrawing the 
st ilette s lowly . The catheter is pos it ioned so that the cuff is about 
halfway between the uterine body and the top of the uterine horn . The 
cuff is then s lowly inflated with saline solut ion or a ir unt il it 
completely fills the uterine lumen . Care should be taken to avoid 
overinflat ion of the cuff because this can result in endometrial damage 
and los s of flushing medium into the broad ligament . The st ilette is 
then removed , and a clamp is placed on the exteriorized end of the 
catheter . 

A conservat ive approach to filling the horn with fluid should be 
us ed to avoid overdistent ion and pos s ible rupture of the endometrium .  
Generally , 2 5 - 3 5  ml of fluid (about the s ize of a 3 5 - day pregnancy) 
is suffic ient to distend the horn , and this amount is repeated about 
e ight t imes . Eighty-five percent of the embryos collected will be 
found in the f irst 100 - 15 0  ml of fluid . The uterus is gently agitated 
and lifted to insure that the fluid reaches all of the endometrium .  
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INFLATABLE CUFF 
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FLUID IN 
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FLUID OUT 

� 

FIGURE 3 Continuous - flow method for the nonsurgical col lect ion of 
embryos in cattle . 

Vhen the collect ion of the right uter ine horn is completed , the 
stilette may be reinserted or the catheter removed complete ly from the 
reproduct ive tract before reinsert ing the st ilette . The latter 
proc edure is advisable for inexperienc e d  pract it ioners to insure proper 
locking of the stilette in the c atheter . The flushing proce dure is 
repeated for the left uterine horn . 

Following complet ion of the flush each uter ine horn is infused with 
3 0 - 50 ml of an ant ibiotic solution us ing a uter ine infus ion catheter . 
PGF2a can be given at this t ime or within a week of the flush , but 
the return to e strus can vary from a few days to s everal weeks . 

Transfer . Most practit ioners ut ilize a flank approach to transfer 
embryos surgically . The rec ipient is palpated to determine the s ide on 
which the corpus luteum is located , which will be the same s ide as the 
flank inc is ion . An epidural and local (L-block) anesthes ia (Lidocaine) 
is administered , and the surgical s ite is shaved and c leaned . A 
1 5 - 2 0  em vert ical inc is ion is made in the paralumbar fossa , and the 
muscle layers and per itoneum are blunt ly dissected . Existence of the 
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corpus luteum is verif ied , and the top of the uterine horn is aently 
arasped and exteriorized . A small puncture is then made into the 
uterine lumen with the blunt end of a cutt ina suture needle . The 
embryo is loaded into a transfer pipette in les s than 0 . 5  ml of fluid 
which is pos it ioned between two a ir spaces . The loaded pipette is then 
pas sed throuah the puncture into the uterine lumen and the embryo 
depos ited . 

Pract it ioners use a variety of instruments to transfer embryos 
nonsuraically , inc ludina telescopina rods and transvaainal suraical 
techniques , but the most commonly used is the Cas sou AI aun with a 
French straw . The rec ipient is restrained and palpated to determine 
the presence and locat ion of the corpus luteum . The vulvar area is 
cleaned and wiped dry with careful attent ion paid to removina all fecal 
contaminat ion . A double sheath is used to reduce contaminat ion from 
the vaaina , and the embryo Cassou aun is threaded throuah the cervix to 
a pos it ion cranial to the external uterine bifurcat ion . The s ite of 
embryo depos it ion is secondary to an atraumatic placement for aood 
results . The embryo should be depos ited in the uterine horn 
ips ilateral to the corpus luteum us ina s low but even pressure from the 
Cassou aun . 

Sheep and Goats 

Embryos are collected and transferred suraically from sheep and 
aoats because of the difficulty in pas s ina a catheter into the uterus 
throuah the cervix . One - to e iaht - cell  embryos can be collected from 
the oviduct with later stases flushed from the uterus . Suraical 
collect ion is performed under aeneral or local anesthes ia with the 
animal in dorsal recumbency . A 3 - 5  em midline inc is ion is made as 
close to the udder as pos s ible us ing blunt dissect ion to reach the 
peritoneum . The uterus and ovaries are exteriorized onto a sterile 
field and the corpora lutea counted . 

The oviduct can be cannulated with a alass or Teflon tube ( 2 mm 
outs ide diameter) held in place by plastic clips , and a blunt needle is 
inserted into the uterine lumen a few cent imeters from the t ip of the 
horn . The caudal seament is pinched off with thumb and foref inaer or 
intestinal forceps , and flushing media is gently forced in a retroarade 
manner throuah the uterus and oviduct . Caut ion must be taken to l imit 
the pres sure as it can rupture the endometrium and force fluid into the 
broad l iaament . The practit ioner must also manipulate the oviduct to 
remove twists that can occ lude fluid flow . This procedure is aenerally 
us ed to collect embryos composed of from one to e iaht cells . The 
technique has the disadvantage of manipulat ina the del icate fimbriae of 
the oviduct which often leads to surgical adhes ions . 

An alternat ive method that avoids manipulat ion of the del icate 
f imbriae is to place a smal l pediatric Foley catheter in the uterine 
lumen at the uterine bifurcat ion and to expand the cuff aently to 
secure its pos it ion . A blunt needle with syringe is then inserted at 
the top of the uterine horn , and fluid is forced s lowly into the uterus 
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with the pract itioner gently mas saging the uterus to insure fluid 
expans ion of the endometrial folds . A s imple suture is used to close 
the s ite of catheter insertion , and the uterus is cleansed with a 
high-molecular we ight dextran solut ion to minimize surgical adheaions . 
The abdomen is then closed rout inely , and the animal is given an 
inj ect ion of antibiotics . 

Swine 

Collection . Embryo• are collected and transferred surgically in 
swine . Anesthes ia is induced by an inj ect ion of barbiturate into the 
marginal ear ve in and maintained with halothane gas . The midventral 
area is shaved and washed , and a 1 - 3  em incis ion is made . The adj acent 
ovary , oviduct , and 30 em of uterus is exteriorized onto a sterile 
field . A small inc is ion is made for cannula insert ion in the 
ant imesometrial a ide of the uterus , about 20 em from the uterotubal 
junction and away from vascular regions .  The cannula , usually made of 
glass with a length of 12 em and a diameter of 10 mm ,  is inserted a few 
centimeters into the horn and held in place by a clamp . A blunt needle 
is then inserted into the oviduct , and 49 - 60 ml of fluid is forced 
through the oviduct , into the uterus , and out the cannula . The uterus 
is gently milked with the thumb and forefinger to remove all the 
fluid . The cannula is then removed ,  and the uterus is washed with a 
dextran solut ion to minimize surgical adhes ions . Finally , the abdomen 
is closed , and the ent ire procedure is repeated for the second uterine 
horn . 

Transfer . Opt imal results are achieved when rec ipients are in 
estrus one or two days after the donor and rece ive at least 12 
good-qual ity embryos . Transfers are performed surgically following 
inj ect ion of a barbiturate anes the s ia into the marginal ear ve in . A 
midventral inc is ion is then made , and the ovaries are evaluated for 
corpora lutea and the general condit ion of the reproduct ive tract . 
Embryo• can be transferred by depositing them into the lumen of the 
uterus some 5 em away from the puncture wound , or by threading a 
catheter into the oviduct and washing the embryos into the uterus with 
a minimum amount of fluid . All embryos transferred can be placed in 
one uterine horn because swine embryos will become equally distributed 
in both uterine horns . 

EMBRYO EVALUATION 

Embryo evaluat ion is an important determinant of the success of 
embryo transfer procedures .  A gross morphological evaluat ion of 
embryos has been shown to be useful in predicting pregnancy rates for 
groups of embryos , but it is of limited va lue in determining survival 
on an individual embryo bas is . Dye exclus ion tests , measures of enzyme 
act ivity , glucose uptake tests , and live - dead stains seem to correlate 
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we ll with morpholoay and embryo survival followina transfer . Several 
of these methods require complex equipment and ( or) a lengthy in vitro 
culture period . Thus . they are of l ittle value for on- the - farm embryo 
trans fer condit ions . 

A morphological evaluat ion has been used widely to del ineate embryo 
qual ity . Several schemes for evaluating embryos have been described . 
and all appear equally re liable when based on actual preanancy rates . 
Parameters commonly used to evaluate embryo qual ity include shape . 
color . number and compactnes s  of cella . s ize of the perivitelline 
space . number of extuded and degenerated cells . and number and s ize of 
ves icles . Cateaorizat ion of embryos from the moat ideal to the poorest 
varies among practit ioners . Some ut ilize s imple two-way 
class ifications (&ood and poor) . while others use a more complex 
system . Systems that class ify embryos as aood . fair . and poor appear 
to be the s implest and most reliable . The most extens ively used 
criterion to evaluate bovine embryos is whether an embryo has attained 
an expected stage of development based upon day of flush post - estrus . 
Embryos retarded two days or more appear less successful than those at 
an expected stage of deve lopment . To date . embryo evaluation remains 
one of the most  subj ective and qual itative aspects of embryo transfer . 

Gross Morphology of Bovine Embryos 

The gross morphological characteristics of the bovine embryo have 
been described by several authors . The overall diameter of the bovtDe 
embryo is estimated to be 150 - 190 m .  includina a zona pellucid& 
thicknes s  of approximate ly 12 - 15 m .  The overall diameter of the embryo 
remains virtually unchanged from the one - cell stage to blastocyst 
expans ion . Early cleavaae - stage embryos are commonly known by the 
number of cells present ( such as one - cell . two - cell . and so forth) . up 
to the 16 - cell stage . Because only an estimate can be made of the 
number of cella present for early morulae and beyond . other 
morpholog ical criteria must be used . The various developmental s taaea 
commonly recovered nonaurgically from superovulated donors are 
described briefly be low : 

0 Morula (four days of age) . 
ball of cells . Individual 
discern . The cellular mass  
perivitelline space . 

This is commonly referred to as a 
blastomeres are difficult to 

of the embryo occupies most of the 

o Compact morula (five days of aae ) . Individual blastomere• 
have coalesced . formina a compact mas s . The embryo mass 
occupies 60 - 70 percent of the perivitelline space . 

o Early blastocyst ( s ix days of age ) . The embryo has formed a 
fluid - filled cavity or blastocoe le and has the aeneral 
appearance of a s ignet ring . It occup ies 7 0 - 80 percent of the 
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perivitelline space . Visual different iat ion between the 
trophoblast and the inner cell mass may be poss ible at this 
stage of development . 

o Blastocyst ( seven days of age ) . Pronounced differentiation of 
the outer trophoblast layer and the darker , more compact inner 
cell mass is evident . The blastocoele is highly prominent , 
with the embryo occupying most of the perivitelline space . 

o Expanded blastocyst ( e ight days of age ) . Overall diameter of 
the embryo dramatically increases ( 1 . 2 to 1 . 5  t imes ) ,  with a 
concurrent thinning of the zona pelluc ida to approximately 
one - third of its original thickne s s . Embryos recovered at the 
expanded blastocyst stage frequent ly appear collapsed , 
characterized by complete or part ial los s of the blastocoele . 
The zona pelluc ida rarely rega ins its original thickness . 

o Hatcbed blas tocyst (nine days of age ) . Embryos recovered at 
this developmental stage may be in the process of hatching or 
may have completely shed the zona pelluc ida . Hatched 
blastocysts can be spherical with a we ll - defined or collapsed 
blastocoele . Ident ification of embryos at this stage can be 
difficult for the inexperienced pract it ioner . 

The quality of individual embryos can be determined us ing the 
following criteria : 

o Excellent . An ideal embryo- - spherical and symmetrical with 
cells of uniform s ize , color , and texture . 

o 2Q2d .  Trivial imperfect ions such as a few extruded 
blastomeres ,  an irregular shape , and few ves icles . 

o � .  Definite but no severe problems such as the presence of 
extruded blastomeres ,  ves iculat ion , and few degenerated cells . 

o � .  Severe problems such as numerous extruded blastomeres , 
degenerated cells , cells of varying s izes , and large numerous 
ves icles but a viable appearing embryo mas s . 

Summary 

A great deal of variab il ity exists in morphological development and 
embryo qual ity within and among donors . Embryo recovery in a 
superovulated cow commonly results in a range of embryonic cell stages 
that differ in estimated deve lopmental age s of from 24 to 48 hours . 
Embryo evaluat ion involves ident ificat ion of the embryonic cell stage 
of deve lopment and asses sment of quality based on morphological 
characteristics . Whether an embryo is of excellent or good qual ity 
appears to make little difference in pregnancy rate s . Thus , a system 
that class ifies embryos as good , fair , and poor appears to be the 
s implest and as rel iable as more complex systems . Further assessment 
of the developmental capabilities of poor - qual ity embryos can increase 
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the effic iency of embryo transfer . Depending on the ava ilable 
fac ilit ies , embryos of poor qual ity can be cultured for 24 hours to 
assess the ir viabil ity . Pos t - culture embryo evaluat ion and transfer 
results in pregnancy rates equal to those of noncultured embryos of 
s imilar quality . 

Results indicate that recipient - donor estrous cycle asynchrony of 
two days in e ither direction does not drast ically alter pregnancy 
rates . Synchronizat ion of embryonic development with the estrous cycle 
of the rec ipient may have more stringent requirements ,  however . It has 
been shown that bovine blastocyst• can be refrigerated (4°C) for up 
to two days without s ignificant losses in viabil ity . This technique 
can be used to store blastocysts in a dormant state , while rec ipients 
that exhibit estrus after the donor progress to a more synchronous 
stage of the ir cycle . 

As evidenced by actual pregnancy rates , microscopic evaluation of 
embryos ,  even at high magnificat ions ( 200X) , remains very subj ect ive . 
Development of a reliable , rapid , and pract ical method of asses s ing 
embryo viabil ity would greatly benefit the embryo transfer industry . 

CULTURE MEDIA AND SHORT- TERM STORAGE OF EMBRYOS 

Media Components 

Culture systems for embryos of maj or farm spec ies were des igned to 
meet  one of two obj ect ives . The first obj ective was a long - term 
culture system ( days ) in which various media , gaseous atmospheres ,  and 
embryo -handling methods could be studied . The second obj ective vas a 
short - term culture system (hours ) ,  in which embryos could be held 
briefly before transfer to rec ipient females .  

Embryos from farm animals have been cultured in a wide variety of 
defined and undefined media . Defined media , rather than undefined 
media ( in which the compos it ion is unknown and the components can vary 
cons iderably) , are the media of choice when the obj ective is to study 
embryo development . When the obj ective is to provide a system that 
supports in vitro embryo survival , however .  the appropriate medium is 
the one that is effective . 

The ions required for &uccessful embryo deve lopment include K+ , 
+2 + +2 - - J  d - i 1 1 CA , NA , Mg , CL , P04 • an HC03 . Opt mum eve s 

of these ions in media are s imilar to serum values except for K+ , 
which is somet imes found in higher concentrat ion in synthetic oviduct 
fluid ( SOF) and Menezo ' s  medium . The role of individual i�ns in 
embryonic development is not well understood : however , CA+ is known 
to be important in membrane stabil ity and permeabil ity and also at the 
t ime of morula compact ion . It is generally agreed that sodium chloride 
primarily acts as the osmot ic balance of the medium . The osmolarity of 
commonly used media is in the range of 25 0 - 300 millosmoles (mOsm) . 

Copyright © National Academy of Sciences. All rights reserved.

Technical Meeting on Embryo Transfer and Animal Production:  Summary Report
http://www.nap.edu/catalog.php?record_id=18910

http://www.nap.edu/catalog.php?record_id=18910


- 49 -

It is often difficult when working under field conditions to 
maintain embryos in a controlled gaseous atmosphere . This has led to 
the use of phosphate -buffered medium , which eliminates the need for 
co2 incubators or alternative gas s ing systems . It has been found , 
however , that mouse embryo development decreases following incubation 
in phosphate - (not bicarbonate - )  buffered medium when 5 percent co2 
is not maintained in the air atmosphere . 

The most commonly used gas atmosphere for embryo culture is 
f ive percent co2 in air . Some investigators have found that reduc ing 
the oxygen concentration from 20 to 5 percent (a total gas phase of 
five percent co2 , 5 percent o2 , and 90 percent N2 ) was benefic ial 
for embryo development . No development occurs in the absence of o2 , 
and the lower o2 tens ions are probably closer to phys iological 
states . No role for N2 in this mizture has been found , and it is 
generally cons idered to be inert . 

The bicarbonate ion in the medium controls the pH , but it also 
funct ions in equilibrium with co2 as a source of carbon during embryo 
development . For this reason , long- term storage of embryos in 
phosphate - ( instead of bicarbonate - )  buffered medium is not 
recommended .  

Pyruvate and lactate are the preferred energy source s  for early 
preimplantat ion embryos ,  while glucose is incorporated into the embryo 
at all stages of development in much greater amounts than either 
pyruvate or lactate . There seems to be little benef it in including 
pyruvate or lactate in media for the culture of embryos of e ight cells 
or greater in development . Glucose should be a component of phosphate ­
as well as bicarbonate -buffered medium at a concentrat ion of 0 . 5 - 1 . 0  
g/1 . 

Little benefit is gained by us ing a concentration of serum greater 
than 10 percent in complete culture medium . When us ing a 
phosphate -buffered medium , however ,  serum concentrat ions of 20 percent 
are recommended for holding embryos for several hours . Cons iderably 
less serum , from 1 to 10 percent , can be used for flushing . All serum 
should be heat treated ( 5 6°C for 30 min) to remove complement 
activity and should be steril ized by filtration before be ing used in 
any medium . Recent results suggest that newborn calf serum and steer 
serum can be used in place of the more expens ive and difficult to 
obtain fetal calf serum for embryo flushing and transfer . Bovine serum 
albumin ( BSA) can be an effective media supplement for long - term 
culture , but care should be taken to adjust the pH of the medium ,  
part icularly when concentrations o f  BSA are greater than 2 percent . As 
a matter of convenience ,  serum is used more frequently than BSA , which 
is generally supplied in a powdered form . 

Methods for Short - term Embryo Culture in the Field 

Embryos should be stored in the same medium that was used for 
flushing . It is not des irable to move embryos , for example , from a 
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phosphate - to a bicarbonate -buffered medium because of the pos s ible 
changes  in osmolarity , pH , and energy substrates . When a 
bicarbonate - buffered medium is used , precautions should be taken to 
prevent changes in the pH caused by co2 escaping into the 
atmosphere . This is done by us ing capped tubes that were previously 
gas sed , or by placing embryo vessels in an incubator in which the 
atmosphere can be controlled . No precautions are necessary with 
phosphate -buffered medium , and it is recommended that a 20 percent 
serum concentrat ion be used if less than this amount vas employed for 
the flush . 

Flushing and holding medium should contain antibiotics to prevent 
bacterial contamination . Moreover ,  embryo vessels should be sterilized 
before use and kept in a dus t - free environment . No part icular 
precautions are needed to maintain embryos at 37°C ,  but extremes in 
temperature should be avoided .  

The viabil ity of bovine , cattle , sheep , goat , and swine embryos 
begins to decline following 12 hours of storage in phosphate - buffered 
medium supplemented with serum . Thus , except for swine embryos which 
do not survive cold storage , embryos that must be stored longer than 24 
hours before transfer should be frozen . If freezing is not pos s ible , 
cattle , sheep , goat , and swine embryos should be placed in a 
bicarbonate - buffered medium with 1 g/1 glucose and 10 percent 
heat - treated serum of 1 . 5  percent w/v BSA and held at 37°C in a 
gaseous atmosphere of 5 percent co2 in air . 

Recent evidence indicates that cattle embryos will survive for two 
to three days at 4°C .  When embryos in culture medium were placed in 
a stoppered tube in a water bath in a refrigerator , survival vas very 
good up to 48 hours . This provides an alternative for transporting 
embryos or for retarding the development of embryos while recipients 
are allowed to "catch up . "  

Attempts to freeze porc ine embryos or to even cool them to 
temperatures below 5°C have proven unsuccessful . Long - term s torage 
systems for porc ine embryos should include a bicarbonate -buffered 
medium supplemented with glucose and BSA at a concentration of 1 . 5  
percent v/v . Porc ine embryos should be held at 37°C in a gaseous 
atmosphere of 5 percent co2 in air for opt imal results . 

Unfrozen emb�os must &e shipped in a conta iner in which a 
temperature of 37 C can be ma intained for a long time . The 
Trans - Temp Conta iner maintains a temperature of 37°C for 48 hours and 
still offers enough space for a embryo conta iner . In addition , this 
system is we ll padded and secure enough for shipment under moat 
condit ions . Embryos can be shipped in t ightly capped plastic tubes 
that were previous ly gas sed with a 5 percent co2 in a ir mixture . 
Because the gas will leak from the tube and the atmosphere will not be 
ma inta ined indef initely , plast ic tubes can be placed in a stainles s  
s t e e l  anaerobic chamber , which can be gassed directly by a 5 percent 
co2 in air source . The anaerobic chamber is then placed in the 
Trans - Temp Conta iner .  This sys tem controls both the temperature and 
gas atmosphere and places the embryos in a secure environment . 
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Live animals - - including the ir fluids , secretions , excretions , and 
gametes - - are potential transmitters of disease . This is of great 
concern when animals , semen ( 34 pathogens have been recorded in semen 
and 17 have transmitted disease s ) , and embryos are exported to regions 
that are disease free . Historically , embryos have been accepted for 
import if the dam and s ire of the embryos satisfy the health 
requirements of the import ing country . 

For an embryo to transmit an infectious disease to a recipient 
animal it must have been infected with the disease in utero 
( environmental infection) or carry the infect ious agent on its surface 
(gamet ic infection) . For an environmental infection to occur , the 
disease organism must penetrate the zona pelluc id& . Viral infect ious 
agents , because of the ir small s ize , are of particular concern compared 
to bacterial , protozoal , chlamydial , or rickettsial infect ious agents . 

Cattle disease s  related to embryo infect ious agents have received 
the moat attent ion ; only scant research has been devoted to other farm 
species . Table 6 shows the results of disease transmiss ion from cattle 
embryos transferred from infected donors . 

As previously discussed in this section , 93  percent of commerc ial 
swine embryo transfers are performed to control the spread of disease 
or produce disease - free offspring . Table 7 l ists the diseases that 

TABLE 6 Disease Transmis s ion by Cattle Embryos Transferred from 
Diseased Donors 

Agent 

Foot -and-mouth disease 
virus 

Brucella abortus 
Bovine parvovirus 
Bovine viral diarrhea 

Blue tongue virus 
Bovine leukemia virus 
Infect ious bovine 

rhinotrache itis 
Akabane virus 
Mycobacterium 

paratuberculosis 

Zona Penetrat ion 

Negat ive 
Negat ive 
Not determined 
Only one of many 

studies shoved 
penetrat ion 

Negative 
Negat ive 

Not determined 
Negat ive 

Negat ive 

A Rec ipients/calves seronegat ive . 
B Embryos seronegat ive . 

Results 

A , B  
B 
c 

zona 
A , B 
A , B  
A , B  

A , B  
B 

B 

C Embryos deve loped normally in culture following exposure to the 
agent . 

D Results not conclus ive . 
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TABLE 7 Disease Transmiss ion by Swine Embryos Transferred from 
Diseased Donora 

Agent Zona Penetrat ion Results 

Porc ine parvovirus Binds to zona pelluc id& Rec ipients 
seropositive 

Embryos 
pos it ive 

Pseudorabies virus Binds to · zona pelluc id& Rec ipients 
seropositive/ 
seronegative 

Embryos pos it ive 
African swine fever 

virus Binds to zona pellucida Not determined 
Swine ves icular 

disease virus Binds to zona pelluc ida Not determined 
Foot -and-mouth 

disease virus Binds to zona pelluc ida Not determined 
Enteroviruses 

(ECOP - 3  and 6) Binds to zona pelluc ida Not determined 

have been studied . In contrast to cattle , several infect ious swine 
agent s are known to bind or penetrate the zona pe lluc ida . The large 
number of sperm attached and embedded into the swine zona pelluc id& and 
the sperm furrows found may be involved ( Figure 4 ) . 

Procedures for Disease Control 

A tremendous advantage would be ga ined if embryo transfer could be 
used to move disease - free genetic material across cont inents or from 
diseased parents into disease - free environments .  

Extreme care should be taken to use sterile procedures ( s terile 
equipment and solutions ) and to clean the rectum and the vulva 
meticulously before collection . All serum used in the flushing medium 
and semen us ed for breeding must be free of mycoplasma and viruses . 

Embryos should be washed through 10 changes of medium conta ining 
ant ibiot ic to reduce the potent ial of disease transmis s ion from the 
uterine flushing . It may be pos s i�le to effectively dilute out the 
concentration of the virus some 10 - fold if the agent does not bind 
to the zona pelluc ida . 

Trypsin ,  pronase , and other enzymes and ant is era have been used to 
remove bound infectious agents from the zona pelluc ida . It is unlikely 
that these techniques will be approved for the internat ional exchange 
of embryos , however . 
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FIGURE 4 Excellent - quality swine morulae and early blastocysts . 
Observe the large number of spermatozoa embedded in the zona 
pelluc id& . This is characteristic of swine embryos . 

Embryos frozen for internat ional shipment offer a greater potent ial 
for disease transmiss ion than fresh embryos because the zona pelluc id& 
may fracture during freez ing . The zona pelluc id& cannot then serve 
effect ively as a barrier to infect ious agents entering the embryo . 
Thus , extreme care in sterile procedures ,  health te sting of dams and 
s ires before collect ion , and thorough washing of the embryo is 
imperative for the internat ional exchange of embryos . 
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NEW BIOTECHNOLOGY FOR CATTLE PRODUCTION 

Jerry J .  Reeve s 
Department of Animal Sc ience s ,  

Washington State Univers ity 

Four addit ional breakthroughs in biotechnology will be important to 
both the da iry and beef cattle industries in the future . They are : 
recombinant growth hormone , growth hormone - re leas ing hormone , adrenergic 
blockers , and vaccines aga inst hormone s .  These breakthroughs wil l 
increase product ion by as much as 30 percent (by a s imple inj ect ion) , an 
increase never before real ized in animal product ion . 

RECOMBINANT GROWTH HORMONE 

At least four maj or U . S .  companies are making and testing recombinant 
derived growth hormone (GH) for use in agriculture . The maj or uses  in 
cattle will be for increased milk product ion by 15 - 3 5  percent and 
increased body we ight gain by 10 percent . 

Exogenous GH acts on the l iver to increase the re lease of insul in 
growth factor - 1  ( IGF - 1 )  which in turn is respons ible for increased prote in 
synthe s is , leading to increased milk product ion , and for cart ilage 
format ion , leading to increased bone growth . Present trials in the United 
States require da ily inj ect ion of this material which is a troublesome 
management problem . A longer-acting de l ivery system would a id this 
technology . There is l ittle doubt that inj ect ions of GH will increase 
product ion to a magnitude never s een before in agriculture . 

GROWTH HORMONE -RELEASING HORMONE 

Two U . S .  companies are deve loping a growth hormone - re leas ing hormone 
(GHRH) analog for use in increas ing growth and milk product ion . GHRH is 
natura l ly produced in the hypothalamus (part of the bra in) , and in turn 
induces  release of GH from the pituitary which increases growth and milk 
product ion as described above . 

Chemists have found that only 2 9 of the original 44 amino ac ids are 
nece ssary for biological activity . Dr . A .  V .  Schally (Nobel Laureate ) has 
been deve lop ing change s  in the 2 9 - amino ac id GHRH-A,  and he has produced a 
serie s of analogs that have a greater biological potency than the natura l 
hormone . 

- 5 5  -
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The releas ing hormone can be prepared by peptide synthe s is for testing 
and market ing . One advantage of this material is that its synthes is is 
less expens ive than that for recombinant GH . Another advantage is that , 
unl ike GH , it can be placed in a microcapsule for s low release . These 
microcapsules , which are made from the same material as the soluble 
suture , can release pept ides for one to s ix months . Thus , this technology 
could make GH inj ect ions outdated even before the technology comes on the 
market . 

ADRENERGIC BLOCKERS 

At least one U . S .  company and probably more are working on adrenergic 
blockers . Thes e  drugs repart it ion the nutrients of ruminants from fat 
synthes is to prote in synthe s is . Reports show a decrease  in pe lvic and 
kidney fat of 46 percent and an increase in loin and rump muscles of 25 
percent . 

The se repartit ioning agents work best in ruminant animals , and they 
have been a dream of anima l sc ient ists for years . It is not known how 
they will work on milk product ion and what interact ions they might have 
with various feedstuffs . C imaterol , an adrenergic blocking drug , is be ing 
tested by the American Cyanamid Company . The future of the se  drugs in 
comb inat ion with GH and GHRH analogs will be exc it ing . 

VACCINES AGAINST HORMONES 

Vacc inat ion aga ins t an animal ' s  own hormones can be used to e ither 
increase or decrease reproduct ion . Immunizat ion aga ins t the steroid 
hormones appears to l imit the negat ive feedback of these  steroids at the 
s ite of the hypothalamus -pituitary , resulting in the increased product ion 
of lute iniz ing hormone and Foll icle Stimulating Hormone which increases 
the ovulat ion rate . 

An Austral ian product on the market , FecundinR , is androst e inedione 
conjugated to a prote in . This drug produces an active immun izat ion and 
increases a lamb crop by 0 . 2 lambs per ewe . Washington State Univers ity 
used a pas s ive immunizat ion in goats and increased the number of kids born 
per doe by 70 percent . 

The future use of vaccines to increase reproduct ion and growth is 
realistic , and it has the intere s t  of the large pharmaceut ical companies . 
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APPROACHES FOB USING !MBIJO TRANSFER TECBNOLQGY 
IN TBE CATTLE INDUStRY IN INPON!SIA 

Ida X .  and A .  M .  Satari 
Agency for the Assessment and Applicat ion of Technology 

INTRODUCTION 

Indonesia ' s  development strategy calls for transformation of its 
economy from one based on agriculture to one based on industry . Some 
characteristics of a typical industry are : 

o Commerc ial orientation 
o Standardization and qual ity control 
o Continuous production 
o Haas product ion technology 
o Initiation of new processes to increase the added value of 

products . 

The current obj ectives of agricultural development emphas ize : 

o Mainta ining self- sufficiency in food product ion and providing 
proper nutrition for the Indones ian people 

o Increas ing the farmer ' s  income 
o Creat ing employment opportunities 
o Increas ing exports and reduc ing imports 
o Encouraging and support ing transmigration 
o Achieving balanced regional deve lopment 
o Support ing industries . 

In fitt ing together the characteristics of industrial izat ion with 
the obj ectives of agricultural development , tremendous problems are 
encountered for which there is no panacea . One must try to tackle the 
spec ific problems while always keeping in mind the total package . 

This paper addresses one narrow area , embryo transfer in cattle , as 
it perta ins to both industrializat ion and agricultural development . 

CATTLE PRODUCTION IN INDONESIA 

To increase both the quant ity and qual ity of cattle species in 
Indones ia ,  three approaches are be ing appl ied : 
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1 .  Upgrading of the local stra ins of cattle 
2 . Import ing ful ly grown cattle 
3 ,  Art ific ial inseminat ion . 

The first step is the natural approach . Even if the best 
techniques of cattle husbandry are appl ied , however ,  decades of effort 
are required for substant ive results and supplies would s t ill fall 
short of the demand generated by population growth in Indones ia .  

The second approach would upgrade the cattle populat ion quickly , 
but transport problems often make this approach impract ical . After a 
long j ourney at sea , full - grown cattle are in bad condit ion , as was the 
case in Vest Sumatra . Moreover , there is always the pos s ibil ity of 
import ing new diseases . 

The third approach is successful only where herds can be 
cont inuous ly checked . Otherwise , weak l inks from local cows will be 
passed on randomly to the ir progeny , making it difficult or impos s ible 
to fulfill the original development plan . Mortal ity caused by weak 
l inks can greatly disrupt any development plan . Finally , progres s  from 
use of this approach is relative ly slow .  

All three approaches are , however ,  be ing carried out s imultaneously 
in Indones ia ,  so that the overall results are still better than the 
tradit ional approach of natural selective breeding . 

A new but wel l - established technology , embryo transfer , is now 
be ing used to rapidly improve and increase the number of cattle for 
industrial purposes . This technology has the following advantages over 
the existing technologies : 

o It provides instant upgrading of all progeny to pedigree 
s tandard for e ither meat or milk production . 

o A calf is born locally with natural maternal immunity to local 
diseases .  

o The new calf has a 100 percent pedigree and is totally 
unaffected by the genet ics of a surrogate mother (as a 
rec ipient ) . 

o The quant ity and qual ity of the offspring are controllable . 

APPROACHES TO INDUSTRIAL BEEF CATTLE PRODUCTION 

Cattle breeding is essential to the meat , dairy , leather and shoe , 
glue , and feed industries . Each industry has ita offshoots .  For 
example , the meat industry needs s laughter houses , refrigerated 
container fleets , wholesale distributors , and reta il butcher chains . 
The milk industry needs dairy farms and refrigerated milk distribution 
sys tems or milk powder factories . In the same way , the leather , glue , 
and feed industries create new bus inesses . 
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Only the beef cattle industry is cons idered in this paper . 
Development of this industry can increase fore ign exchange earnings 
through the export of high-quality meat and reduce the import of meat 
consumed by large hotels and restaurants .  

The value of the more than 1 . 3  million kg of meat imported by 
Indones ia is US $4 . 6  million . Thus , local entrepreneurs should take 
advantage of international meat prices and f irst export to an affluent 
market abroad . An emphas is on exports will require the selection of 
high-value cattle breeds for meat and controlled product ion because 
local consumers will not be able to afford the prices obtained in the 
internat ional market for meat of this qual ity . This is not , therefore , 
an agricultural act ivity des igned to directly improve the prote in diet 
of the populat ion . 

Beef cattle product ion is a bus ines s  proposition ,  and , its 
development should be approached as that of any other industry . 
Because this economic act ivity is aimed at the export market , a 
compet it ive price is a must . Maxtmum labor productivity , effic iency , 
and increased capital costs  are also necessary . (This type of industry 
will not , however , produce a large number of j obs . )  Through such 
commerc ial development , Indones ia could gain a high f inanc ial return 
through taxe s . Finally , protection against imported meat should be 
cons idered for a certain period of t ime . 

Private and cooperative investment could be welcomed , but it pays 
to be aware of private investments in which managers try to avoid 
taking risks and , in case of failure , leave the lending or guarantee ing 
government inst itut ion holding the bag . On the other hand , based on 
past  experience in Indones ia government - conducted bus ines s  operations 
are seldom successful . In this pioneering endeavor , the employment of 
essential spec ialists , such as expatriates with a long history of 
successful experience , is imperat ive . Joint ventures with fore ign 
companies are therefore highly recommended .  

In managing a cattle industry us ing embryo transfer technology , 
other product ion components must not be overlooked .  These include 
animal feed and forage production , animal health and hygiene , animal 
product processing , and market ing and distribut ion . All four 
components of animal product ion should be integrated into one unit . A 
s implified scheme of an integrated beef cattle industry is shown in 
Figure 1 .  

Animal health and forage product ion are often stumbl ing blocks in 
good cattle product ion . Herds of cattle of more than 500 head require 
spe c ialists to manage the feed supply and to keep the animals healthy . 
Cooler locat ions , 300 - 500 ft above sea level , are best for animal 
product ion . A dryer climate ( in eastern Indone s ia ,  for example ) than 
that found in much of Indones ia is probably also better , provided that 
water ava ilabil ity is guaranteed . Where land is scarce ( Batam island 
or locat ions near the c ities ) , growing forage through the use of 
hydroponics might be viable . The economics is , of course ,  the 
determining factor . 
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PROCESSING 

HAIXETING & DISTRIBUTION 

FIGURE 1 Integrat ion of the four components of animal product ion in 
the beef cattle industry . 

The s ize of the rec ipient of the embryo can be a problem , s ince the 
high-quality imported beef cattle are large when compared to the local 
rec ipients . Any problem with delivery of the calf could be overcome by 
us ing da iry cows as rec ipient s - -moat are pedigreed and relat ively 
large . A flow chart for a beef cattle industry us ing embryo transfer 
technology is shown in Figure 2 .  

A pilot proj ect could be carried out on 1 , 000 ha of land , us ing 
1 , 000 - 1 , 500 dairy cows as rec ipients , 1 , 000 imported/local high-quality 
beef cattle embryos , and 100 , 000 hybrid coconuts .  It might then 
produce 300 - 400 calves (about 50 calves and 250- 300 beef cattle ) after 
the third year , 405 , 000 litera of milk per year after the second year , 
and 120 , 000 coconuts per year after the fourth year . 

S ince this idea has not yet been implemented , it is strongly 
suggested that a fea s ibil ity study be first carried out . Such a study 
would cost approximately $15 , 000 . 
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lOTWIAL FOR DEVELOPMENT OF CATTLE IN INPOftESIA 

Donald E .  Farris 
Department of Agricultural Economics , 

Texas A&H Univers ity 

Development of a cattle industry depends heavily on developing a 
nation ' s economy and its agricultural sector . It appears that in 
pract ically every economy development of the l ivestock industry has 
generally lagged behind that of the rest of agriculture and the general 
economy , in sc ience , technology . management , and marketing . 

This is not to say that there has not been great progres s ; it is 
just that the nature of the industry has made progre s s  more difficult . 
Some developing countries have made l ittle progres s  except in the health 
area . Africa and As ia have clearly lagged behind in productivity per 
animal . In 1977 , Africa produced an average of 15 . 7  kg of beef per year 
for each head of cattle inventory , while the corre sponding average for 
As ia vas 13 . 1  kg . The world average was 40 kg , and Australia produced 
60 . 7  kg , Europe 7 6 . 8  kg , and the United States  94 . 3  kg (Table 1 ) . 

An Indones ian Ministry of Agriculture ( 1981)  publ icat ion has 
de scribed the l ivestock s ituat ion in 1981 : 

Most of the cattle , sheep , goats , buffalo , chickens and ducks are 
managed by smallholder farmers us ing tradit ional husbandry systems . 
In most cases , they maintain the ir animals under scavenging or 
minimal cost conditions and keep the ir large animals primarily for 
power , for manure for the ir crops . and as a savings account . 

With the except ion of eggs . the product ion of l ivestock products has 
not kept up with demand and import s  have been rather substant ial . 
An inadequate meat supply is due primarily to several factors , 
including a diminishing l ivestock population (nov about 6 . 3  mill ion 
cattle and 2 . 3  million buffalo) , the lov genet ic potent ial of 
exist ing livestock , the re latively high mortal ity due to animal 
disease outbreaks and the shortage of high quality feedstuffs 
(p . 7 1 ) . 

Clearly , development of Indone s ia ' s  potential in cattle and beef 
product ion requires the adopt ion of improved technology and management . 
This includes improving and expanding good-qual ity breeding cattle us ing 
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TABLE 1 Beef Product ion (Kilograms ) per Head of Cattle Inventory 

Year Percent Change , 

Region 1960 1970 1977 1960 - 1977  

As ia 5 . 3  14 . 1  13 . 1  147 
Africa 15 . 8  16 . 2  15 . 7  - 1  
South America 27 . 3  30 . 5  31 . 2  14 
North and Central 

Amer ica 
( except USA) 31 . 9  33 . 8  38 . 3  20 

Australia 37 . 8  47 . 2  60 . 6  60 
USSR 56 . 6  60 . 7  7. 

Europe 5 5 . 9  71 . 7  7 6 . 8  37  
United States 74 . 8  89 . 3  94 . 3  26 

Total world 30 . 4  35 . 8  40 . 0  32 

•Change from 1970 to 1977 . 

SOUI.CE : Compiled from PAP Pro4uct ion Yearbook , various issues . 

a variety of means : imports of cattle , artific ial inseminat ion , and 
embryo transfer . 

COMPARATIVE ADVANTAGE 

Tropical countries usually have a comparative disadvantage in 
produc ing dairy and beef cattle , primarily because they have a comparative 
disadvantage in produc ing high-qual ity pasture and feedstuffs . Where 
there is no good alternat ive use for land , however ,  cattle can somettaes 
be produced at very low cost even though they may take four years to reach 
s laughter we ight . This s ituation is typical of many Central and South 
Amer ican countries where canned or frozen boneless beef is produced for 
export . Product ivity is low , but producers have low-cost (and often 
low- quality) graz ing available year- round . In addition , mos t  areas and 
most farms have land that is not suitable for crops where some l ivestock 
can be produced at relat ively low cost . Live stock become more expens ive 
when they start competing for cropland or when expens ive pasture 
improvement is neces sary . 

Typically , developing the cattle industry in the tropics is a greater 
challenge than in a temperate climate because of lower product ivity , lower 
nutrition , lower calving rates , higher calf mortal ity rates , higher 
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inc idence of disease and insects , and higher marketing costs for l ive 
cattle . Many of the developing countries are in the tropics .  These 
countries have about 65  percent of the world ' s  supply of cattle , but they 
produce only 3 3  percent of the world ' s  supply of beef . The developed 
countries , on the other hand , have 35 percent of the cattle and produce 67  
percent of the beef . 

Cattle in developing countries are often mult ipurpose : they provide 
meat and power , and they serve as a store of capital . Generally , any 
comparat ive advantage for cattle in the tropics is related to non- grainfed 
beef , or producing a j o int product with a dairy , or to an unusual source 
of by-product feed . The dairy industry in Indones ia could be expected to 
produce a substantial portion of Indone s ia ' s  beef supply . 

A strong factor in comparative advantage is the level of demand . Beef 
can be produced nearly anywhere if the price is high enough , and Japan is 
a prime example of this ( Farris , 1984) . Per capita meat and poultry 
consumption in Indones ia is reportedly among the lowest in the world 
(Table 2 ) . Indones ia ' s  large population could certainly provide the 
market for expanded product ion , and dairy and beef development can 
contribute substant ially to improving the nutrition of the Indones ian 
people . Creat ing and ma intaining an economic environment to foster 
l ivestock development are , however ,  essent ial (Farris , 198 6 ) . 

Cons idering its rapidly growing populat ion ,  Indones ia will l ikely 
continue to be a net importer of meat and dairy products . Thus , it is 
important to recognize its comparat ive disadvantage in these areas and not 
to establ ish import barriers . To avoid such a step , any sub s idies to 
develop the domestic l ivestock industry should be direct rather than 
import restrict ions . 

G iven the concentrat ion of population in Java , some islands could 
export beef to Java and S ingapore , while Indones ia itself would continue 
to act as a net importer of meat and dairy products . 

DEMAND 

Demand for meat is related to per capita income except where there are 
spec ific religious taboos such as the Is lamic and Jewish rules against 
eating pork . Per capita consumption of meat is higher in the deve loped 
countries . Consumption is lowest in South As ia and low in East As ia 
relat ive to income . Fish consumption is undoubtedly the most important 
source of animal prote in in Indones ia ,  where the per capita consumption of 
meat and poultry is estimated at 3 . 4  kg per year . Eggs and milk 
consumpt ion in Indones ia is also estimated to be among the world ' s  lowest 
(Table 2 ) . 

Generally , people l ike variety and will consume a wide range of 
prote in sources  if given the opportunity . Demand for meat within an 
income group is very respons ive to the price level . A study of the 
international demand for beef shows that , once adjusted for differences  in 
income , demand is c losely related to the price level . It appears that the 
demand curve for beef ( corrected for income ) is not s ignificantly 
different for many deve loped countries (Figure 1) . 
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TABLE 2 Per Capita Heat and Egg Consumption Proj ections (JCilograu ) 
for 1985 , by Region 

All Sheep & 
llegion Meat Beef Pork Goats Poultry Eggs Milk a 

United States 120 . 19 62 . 9 3 27 . 34 0 . 9 9 28 . 93 15 . 99 240 . 17 
Canada 114 . 69 62 . 2 5 2 5 . 40 1 . 24 25 . 80 12 . 5 7 272 . 7 3 
EC - 6  86 . 92 30 . 64 37 . 94 1 . 8 3 16 . 5 1 14 . 31 362 . 7 9 
EC - 3  7 7 . 94 27 . 36 28 . 28 7 . 90 14 . 40 13 . 72 365 . 09 
Other Western 

Europe 74 . 38 22 . 8 5 2 9 . 62 4 . 54 17 . 37 14 . 18 265 . 7 7 
Japan 37 . 3 5 6 . 7 1 16 . 9 9 3 . 17 10 . 48 19 . 62 88 . 6 9 
Oceania 129 . 30 7 1 . 44 13 . 70 2 7 . 56 16 . 60 12 . 57 220 . 74 
South Africa 43 . 95 22 . 85 3 . 2 3 7 . 5 6 10 . 31 6 . 30 113 . 19 
Eastern Europe 80 . 00 21 . 7 6 40 . 6 5 2 . 65 14 . 94 15 . 10 357 . 84 
Soviet Union 62 . 06 32 . 07 16 . 7 6 4 . 69 8 . 54 15 . 7 5 42 3 . 98 
China 2 3 . 38 2 . 32 15 . 31 0 . 8 9 4 . 8 6 4 . 45 6 . 0 3 
Middle America 30 . 92 15 . 7 3 6 . 43 1 . 68 7 . 08 7 . 7 1 130 . 7 6 
Argent ina 119 . 49 95 . 82 9 . 9 1 3 . 9 3 9 . 8 3 8 . 15 203 . 99 
Braz il 44 . 3 9 27 . 47 9 . 11 0 . 58 7 . 2 3 4 . 12 121 . 03 
Venezuela 47 . 03 2 5 . 99 5 . 87 0 . 3 9 14 . 78 8 . 51 99 . 32 
Other 

South America 34 . 05 21 . 45 4 . 88 2 . 7 3 4 . 9 9 5 . 20 102 . 13 
High Income 

North Africa 
and Middle East 29 . 92 5 . 16 0 . 34 11 . 40 13 . 02 6 . 90 64 . 43 

Low Income 
North Africa 
and Middle East 19 . 29 7 . 31 0 . 04 8 . 45 3 . 49 4 . 71 2 5 . 5 5 

East Africa 15 . 49 10 . 66 0 . 78 1 . 5 1 2 . 54 1 . 84 35 . 42 
Central Africa 9 . 58 4 . 87 0 . 7 9 2 . 52 1 . 40 1 . 60 12 . 67 
India 1 . 29 0 . 33 0 . 11 0 . 66 0 . 19 0 . 11 14 . 79 
Other South As ia 4 . 59 2 . 01 0 . 03 1 . 96 0 . 5 9 0 . 7 3 12 . 22 
Thailand 13 . 2 9 4 . 47 5 . 2 3 0 . 00 3 . 59 4 . 72 13 . 72 
Other South 

East As ia 10 . 40 1 . 67 6 . 86 0 . 06 1 . 81 2 . 72 5 . 41 
Indones ia 3 . 41 1 . 40 0 . 8 6 0 . 36 0 . 7 9 0 . 64 4 . 62 
High Income 

East  As ia 2 5 . 50 4 . 90 12 . 3 7 0 . 3 3 7 . 90 11 . 31 27 . 04 
Low Income 

East As ia 15 . 10 3 . 34 7 .  7 7  0 . 19 3 . 80 5 . 05 36 . 32 
Rest of world 2 1 . 62 10 . 06 4 . 6 6 3 . 71 3 . 19 6 . 11 39 . 37 

World 32 . 48 12 . 7 3 10 . 95 2 . 25 6 . 55 6 . 45 98 . 80 

•Food and Agriculture Organizat ion of the United Rat ions . 

SOURCE : Winrock International . 
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FIGURE l Illustrat ion of demand and equil ibrium price for steak , 
as suming a constant income level . 

Thus , it is important to proceed in Indonesia with all aspect s of 
beef and dairy deve lopment , inc luding the expande d use of embryo 
transfer . Imported beef and dairy product s  will be needed into the 
fores eeable future , but selective expans ion of the dome stic industry 
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would have a substant ial direct impact on economic development , and would 
contribute as well toward import substitution . 

WORLD TRADE 

In cons idering l ive stock potential , one must also cons ider the 
Austral ia and New Zealand internat ional market . Indones ia is s ituated 
within easy acce s s  of a maj or low- cost source of beef and lamb , and 
Oceania , also nearby , is the largest exporter of beef and lamb . To 
compete with these sources it will be necessary to improve overall 
product ivity , and this begins with developing improved breeding herds , 
followed by use of the other appropriate product ion and market ing 
pract ices .  

Apparently at one t ime Indones ia exported cattle to S ingapore , but 
this was discont inued in 1975 . One feedlot in Indones ia has been 
import ing Austral ian steers for feedlot finishing , and this lot has been 
finishing local da iry and Zebu- type bull s  as well . 

Now there is an interes t  in developing beef export s  from Indones ia ,  
espe c ially to S ingapore . Without analyse s  of spec ific proj ects , this does 
not appear to be economically fea s ible without subs idies .  As beef 
development progresses , however ,  there may be some spe c ific products for 
which S ingapore or other markets would offer the best price . If 
re lative ly free trade is allowed , individual firms should be able to s erve 
the best markets with the appropriate products . 

The spec ific market appears to be the least of Indones ia ' s  development 
problems , however .  Efforts should concentrate on improving l ivestock 
product ivity and the dome stic market ing system . When Indones ia can 
compete price -wise on the international market , it will be t ime to look 
for export opportunit ies . 

CONCLUSIONS 

Recent data indicate a serious need for an increased level and variety 
of animal prote in for Indone s ia ' s  already large and growing populat ion . 
Although the tropics generally have a comparat ive disadvantage in dairy 
and beef production , there are areas and operat ions where this kind of 
product ion is the best alternat ive ava ilable , espec ially in the highes t  
elevat ions . Th e  economic act ivity mult ipl ier o f  l ives tock enterprises in 
Texas is about 3 . 4  t imes the l ives tock ' s  slaughter value . The multipl ier 
for Indones ia would probably be higher . For an effic ient l ivestock 
industry , improved technology , management , and market ing are clearly 
needed . In fact , improvements should be made throughout the system . 
Improvements in the genet ic base  are very important for increas ing 
product ivity , and this can be done by import ing breeding stock , artific ial 
inseminat ion , and embryo transfer . Improved animal health , nutrit ion , and 
market practices are also needed . 

A pilot program that results in an improved product ion package seems 
to be one approach to speeding up development . Such a program could focus 
on improving the genet ic bas e  by coordinat ing the use of art ific ial 
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inseminat ion and embryo transfer , followed by direct support programs , 
educat ion , and research directed toward increas ing product ivity per animal 
and lowering costs- -not increas ing thea . 

Market ing should not be neglected . Programs that make it eas ier to 
move cattle and widen the market for small operators are important to 
expedit ing development . Large potential markets already exist in 
Indones ia .  As per capita incomes rise , the demand for animal products 
will grow rapidly . 
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APPENDIX A 

Keynote Address 

Didin S .  Sastrapradj a 
Ass istant ( I I )  Minister of State for 

Research and Technology 

In March 1986 , the Indones ian Nat ional Research Counc il and the U . S .  
Nat ional Research Counc il held a workshop on biotechnology in agriculture 
for Indones ia .  One of the group discus s ions focused on embryo transfer 
and animal product ion (ETAP) . Part ic ipants at that workshop felt a need 
to develop more adequately a capabil ity in embryo transfer technology in 
Indones ia and recommended the establishment of a Center for Embryo 
Transfer and Animal Product ion ( CETAP) . This nat ional center would 
fac il itate the promot ion of Indones ian groups currently working on ETAP 
act ivit ies . 

As a follow-up to that meet ing , several of these groups have conducted 
sc ient ific meetings . At one such mee t ing in July 1986 , it was recognized 
that to master embryo transfer technology under Indone s ian condit ions , 
studies had to be undertaken on embryo product ion techniques ,  monitoring , 
and evaluat ion of embryo deve lopment from the t ime of transfer to the 
adult stage , as well as economic analyses of the proce s s . A dec is ion on 
which commodity should receive the highest pr iority was not made , however ,  
although several choices were offered . 

Exactly one week ago the Interunivers ity Center for Biology at Bogor 
Agricultural Univers ity held a sympos ium on the role of embryo transfer 
and genet ic engineering in the improvement of animal qual ity and 
product ion . This mee t ing recognized the importance of embryo transfer as 
a means of improving animal qual ity and product ion in Indones ia .  A 
program on this technique - -which is quite sophist icated- - should be carr ied 
out us ing interdiscipl inary and integrated approaches .  It was also 
recommended that the related technical departments further develop the 
details of such a program . 

The que st ion to be answered about the pract ice of embryo transfer in 
Indone s ia is : Where do we go from here ? The act ivit ie s in embryo 
transfer in Indone s ia are l imited thus far on how to mas ter the transfer . 
Embryo and animal product ion technology need more sc ient ific backup . 
Therefore , I ask that the part ic ipants in this meeting assess  and ident ify 
the neces sary knowledge and sc ience that must be mastered by Indones ian 
sc ient ists and technic ians to deve lop these  technolog ies under Indones ian 
condit ions . 

The success of the development of the se technolog ies will depend upon 
the manpower ava ilable . Therefore , manpower development is very 
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important . I shall also expect the discus s ions to ident ify in deta il the 
quant ity and qua l if icat ions of the manpower needed in each discipline for 
the development of the se  technologies . It is important to ident ify the 
support ing disciplines as well . 

Manpower and the support ing sc iences  development should be directed 
toward long - term development of embryo technology for the improvement of 
animal product ion , including embryo product ion , storage , transport , etc . 
Thus , the fac ilit ie s  and equipment needed for the support ing sc ience s  must 
also be spec ified . 

Finally , I expect the formulat ion of cooperat ion between the 
Indones ian and the U . S .  nat ional research counc ils on many aspects of 
embryo transfer technology . 

I wish you all succe s s  in your del iberat ions and discuss ions . 
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New Biotechnology for Cattle Product ion 
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Department of Animal Sc iences ,  
Washington State Univers ity 

Approaches for Us ing Embryo Transfer Technology 
in the Cattle industry in Indones ia 
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