
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19226

Pages
116

Size
8.5 x 10

ISBN
0309321409

Workshop on Marine Algae Biotechnology:  
Summary Report, Jakarta, Indonesia, December 
11-13, 1985 (1986) 

Board on Science and Technology for International 
Development; Office of International Affairs; National 
Research Council; Indonesian National Research 
Council 

http://www.nap.edu/catalog.php?record_id=19226
http://www.nap.edu/related.php?record_id=19226
http://www.nap.edu/catalog.php?record_id=19226
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


REFERENCE COPY 
fOR LIBRARY USE ONtY 

lit /, .). _ � , . 0 U/ r. r':' ._ ' .. ;. I· ,\..,..,.; �. . l,...-1 , ( (; .. ,)i . . ' l- . •_, ) 
/,_'jt?'J A .....- ' �--., /i ' 'j '· / 1 ( ( - ' (II J , . I ' "- '-' 

" ' ( ' 

WORKSHOP ON MARINE ALGAE 
BIOTECHNOLOGY 
Summary Report 

Jakarta, Indonesia 
December 11-13, 1985 

Jointly sponsored by 
Indonesian National Research Council 
Government of the Republic of Indonesia 

and 
Board on Science and Technology for International Development 
Office of International Affairs 
National Research Council 
United States of America 

NATIONAL ACADEMY PRESS 
Washington, D.C. 1986 

NAS-i�A� 
JUL 1 6 1986 

Lf�KJU(r 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Marine Algae Biotechnology:  Summary Report, Jakarta, Indonesia, December 11-13, 1985
http://www.nap.edu/catalog.php?record_id=19226

http://www.nap.edu/catalog.php?record_id=19226


5H 
E'l;;.s 

-- 'i ,...t-__, 

/:;},: 
C.! 

NOTICE : The proj ect t hat i s  the subj ect of  t hi s  report was app roved by 
the Governing Board of  t he Nat ional Research Counc i l ,  whose members are 
d rawn from t he c ounc i l s  o f  the Nat iona l Academy of Sc iences , the 
Nat iona l Academy of  Engineering , and t he Ins titute of  Med icine. The 
membe rs of the commit tee re spons i ble  for the report were chosen for 
t he i r spec ia l competence& and with regard for appropriate ba lance. 

Thi s  report has been reviewed by a group other t han t he aut hors 
accord i ng to procedures app roved by a Report Review Commit tee 
cons i s t ing of  members of the Nationa l Academy o f  Sc iences , the Nat iona l 
Academy of Enginee r i ng ,  and t he Ins t i tute o f  Med icine . 

The Nat iona l Research Counc il was e s t a bl i s hed by the Nat ional Academy 
o f  Sc iences in 1916 to as soc iate t he broad community of sc ience and 
techno l ogy wi th t he Academy ' s  purposes of furthe r ing knowledge and of  
adv i s i ng t he fede ral gove rnment . The Counc i l  ope rates in accordance 
wi t h  gene ral po l icies determined by the Academy under t he autho rity of 
it s congre s s i ona l c harte r of  1863, which e s t a bl i shes the Academy as a 
p rivate , nonp ro f i t , self-gove rning membership  corpo rat ion . The Counc i l  
has become the princ ipal ope rat ing agency o f  bot h  t he Nat iona l Academy 
of Sc iences  and the National Academy of  Enginee ring in t he conduc t  of  
t he i r  services to t he gove rnment , t he pu b l ic , and t he scient i f ic and 
enginee ring communi t1e s.  It is administered j oint ly by both Academies 
and t he Ins titute of  Med ic ine. The Nationa l Academy of  Engineering and 
t he Ins t itute of  Med ic ine we re esta blis hed in 1964 and 1970, 
re spective ly , unde r the charte r of t he Nat iona l Academy o f  Sc iences .  

These proceedings have been prepared by the Board on Sc ience and 
Technology for Internat iona l Development , O f f ice of Internat iona l 
Affa i rs , Nat ional Researc h Counc il , for the Mi s s ion to  Indone s ia , U . S .  
Agency for Inte rnat iona l Development , unde r Cont rac t No . 
ASB-0333-L-00-5161-00. 

Copies are ava i la ble from : 

Board on Sc ience and Tec hno logy 
for Internat iona l Development ( BOSTID) 

Nat iona l Research Counc i l  
2101 Const itut ion Avenue, N.W. 
Washington, D.C. 20418 USA 

Res ident s of  Indones ia should request copies d1rec t ly f rom :  

Nat iona l Science Documentation Cente r  ( PDIN )  
Indones ian Inst itute of  Sc iences  ( LIPI ) 
Ja lan Jenderal Gatat Subroto 
P . O .  Box 3056/JKT 
Jakarta, Indone s ia 
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PIDACI 

In 1985, the National Research Council of Indonesia (DRN) invited 
the Board on Science and Technology for International Development 
(BOSTID) of the u.s. National Research Council (NRC) to join it in 
sponsoring a workshop on marine algae (seaweed) biotechnology. This 
workshop was held in Jakarta, Indonesia, December 11-13, 1985. It 
explored the current and future potential of marine algae as a source 
of increased income for Indonesians liviD& in coastal areas. 

As an island nation, Indonesia is blessed with a wealth of marine 
resources. One resource, seaweed, is used in the manufacture of food 
and industrial products. However, this industry is only an evolving 
one with great potential for further development. 

Seaweeds are simple in structure and can be cultivated rather 
easily. The primary requirements are suitable areas for cultivation 
and relatively inexpensive labor. As an archipelagic nation, Indonesia 
has tens of thousands of kilometers of coastal waters in which to 
establish seaweed farming. 

Processed seaweed playa a significant role in many areas of 
manufacturing as it is used to produce agar, algina, carrageenan&, and 
other substances, which in turn are used in pharmaceuticals and 
cosmetics as well as for other industrial purposes. Thus, particular 
attention was given in the workshop to the industrial potential of 
seaweed products for both the domestic and export markets. Attention 
was focused not only on the near-term prospects, but also on the longer 
term which will be affected by the use of biotechnological techniques. 

These discussions were one activity in a larger program of 
cooperation between BOSTID and the Indonesian government. Begun in 
1968, this program has featured a aeries of workshops on food policy, 
industrial and technological research, natural resources, rural 
productivity, and manpower planning. BOSTID'a participation has been 
supported in the context of a science and technology loan from the u.s. 
Agency for International Development (USAID) to the government of 
Indonesia. The current two-year program with BOSTID calls for a number 
of activities (panel discussions, workshops, follow-up activities, or 
small advisory groups) to be organized each year. 

iii 
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ORGANIZATION OF THE WORKSHOP 

This workshop was organized by the Seaweed Research Team of the 
Indonesian Agency for the Assessment and Application of Technology 
(BPPT) under the sponsorship of the Indonesian National Research 
Council. Prior to the workshop, site visits to the Bali area where 
seaweed is being farmed were arranged by the staff of the Seaweed 
Research Team organizing committee. These included a one-day launch 
trip around Nuaa Ceningan, Nusa Lembongan, and Nuaa Penida, followed 
the next day by visits to Nuaa Dua and Pulau Serangan. These visits 
enabled both the u. s. and Indonesian participants to see firsthand the 
growing and harvesting methods for marine algae and to inspect the 
various species of algae in the Bali area. The group also bad the 
opportunity to visit algae warehouses to observe algae in its final 
state before sales to customers. 

Dr. Sediono Tjondronegoro, workshop chairman and secretary of the 
DRN, and Dra. Rachmaniar Rachmat, chairman of the workshop organizing 
committee, convened the workshop in plenary session on the morning of 
December 11. Mr. Richard Howland, deputy chief of mission at the u. s. 
Embassy, explained at the opening session that this workshop is the 
first activity under a new collaborative agreement between the u. s. and 
Indonesian national research councils. This agreement was a product of 
the U. S. -Indonesia bilateral S&T agreement signed July 1984 in 
Washinaton, D. C. (see Appendix A). 

Dr. Doddy A. Tisna Aaidjaja, vice-chairman of the DRN, officially 
opened the workshop on behalf of Dr. B. J. Habibie, minister of state 
for research and technology and chairman of the DRN. He told workshop 
participants that Indonesia is actively pursuing the production of more 
nonpetroleum and nongas commodities, especially for export. Thus, 
resources from the sea such as marine algae merit thorough study (see 
Appendix B). 

A number of papers focusing specifically on marine algae and marine 
algae biotechnology, and emphasizing industrial applications, were then 
presented at the workshop and are included as Part I of this report. 
Subsequently, the participants broke into two working groups that 
addressed research on marine algae and ita development for 
biotechnological products, respectively. 

On December 13, the merged conclusions and recommendations of the 
two working groups were presented by Dra. Racbmaniar Racbmat. Dr. Dirk 
Frankenberg, chairman of the u. s. panel and vice-chairman of the 
workshop, spoke on behalf of his U.S. colleagues about the urgency of 
undertaking several steps that could enable Indonesia to take advantage 
of the "window of opportunity" that now exists for supplying quality 
marine algae to international customers. These steps are included in 
Part II of this report. 

Appendixes to this report describe the Center for Research and 
Development in Biotechnology at Cibinong (Appendix C), relate closing 
remarks made at the workshop by Mr. Howland and Dr. Habibie 
(Appendixes D and E, respectively), and list the workshop agenda and 
participants (Appendixes F and G,  respectively). 

iv 
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This workshop report was prepared by Rose Bannigan of the BOSTID 
staff using papers written by the Indonesian and NRC workshop 
participants. The papers have been edited to eliminate duplication, 
but they accurately reflect the discussions. The final draft was 
reviewed and approved by the members of the NRC panel and the 
Indonesian organizing committee. Sabra Bissette Ledent, BOSTID 
consultant, edited the report. 

Participants would like to acknowledge the valuable contribution of 
the workshop's organizing committee to the final arrangements for the 
workshop as well as the site visits to the islands near Bali. The 
organizing committee was chaired by Dra. Rachmaniar Rachmat of BPPT, 
and Drs. Jana Anggadiredja served as vice-chairman. The site visits 
were arranged by Ir. Sri Istini, Drs. Jana Anggadiredja, and 
Ir. A. Zatnika. 

The participants would also like to thank the members of the 
workshop secretariat for the excellent organization of the workshop. 
The secretariat was under the supervision of Drs. Jana Anggadiredja. 
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PART I 

Pre sentations on Marine Algae 
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THE POTENTIAL OF MAlUNE ALGAE FOB. BIOTECHNOLOGICAL PRODUCTS 
IN INDONESIA 

Aprilani Soegiarto and Suliatijo 
National Institute of Oceanology 

Indonesian Institute of Sciences (LIPI) 

INTRODUCTION 

The Indonesian archipelago is located between 94° and 14l0E and 
between 6°N and ll0S, or between the continents of Asia and Australia 
and the Pacific and Indian oceana. It consists of 13, 667 islands with 
more than 81, 000 km of coastline. Because water covers two-thirds of 
the Indonesian territory, it is only natural that Indonesia should have 
an important role in marine matters and would wish to realize a return 
from ita maritime opportunities. Thus, the Republic of Indonesia is 
devoting considerable attention and effort to scientific surveys and 
research on ita marine environment. 

Modern marine research stems from the Siboga Expedition of 
1899-1900, which focused on marine flora and fauna and ita biogeography 
(Tydeman, 1903). It was only through the untiriaa efforts of Weber van 
Boase during and after the Siboga Ezpedition that the field of 
phycology became better known in Indonesia. According to van Boase 
(1928), 555 species of marine algae (seaweed) were collected from 
Indonesian waters during the Expedition. Of these, only about 55 
species have been utilized by Indonesians as food and for some 
medicinal treatments (Zaneveld, 1955). 

Unfortunately, it is only recently that the economic value of 
seaweed has been appreciated. Commercial seaweeds from Indonesia are 
mostly agarophytea (Gracilaria, Gelidium, Gelidiella, and Gelidiopaia) 
and carrageenophytea (Eucheuma and Hypnea). Some of the chemicals 
derived from seaweed have particular properties that give them special 
value for industrial or medical purposes. Seaweed can therefore be 
considered an important marine resource. 

Indonesia is one of the important suppliers of seaweed in Asia. 
The average annual production of seaweed in Indonesia during the period 
1979-1983 was about 7, 600 tons. Before 1975, the average annual 
production was leas than 3, 000 tons. Because almost all production was 
harvested from natural stock, it was thus unreliable and the value of 
Indonesian seaweed was lower than that from other countries. To 
improve seaweed production and ita value, Indonesia has begun to 
cultivate carrageenophytea in several areas in the Indonesian 
archipelago. It is hoped that through this workshop on marine algae 
biotechnology more modern technology--in particular, biotechnological 

- 3-
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research and deve l opment --wi l l  p l ay a ro le in Indones ian ef forts to  
enhance seaweed p roduct ion.  

SEAWEED PRODUCTION 

The re su l t s  o f  a number o f  surveys carried out in Indone s ia show 
that t he d istri but ion and dens i ty of marine algae in a region vary 
according to t he type of bottom, season, hyd rograp hic cond it ione, and 
spec ie s c ompos i t ion at a given t ime . The great va riat ions i n  stand ing 
crops from one region to anot her and from one spec ies to anot her are 
desc ri bed for seve ral areas o f  Indones ian waters in Ta ble 1. 
Figure s 1 -3 s how ,  respect ively , the d i stri but ion of comme rc ial seaweeds  
in Indone s ia as summarized by Soeg iarto et a l . (1978 ) ,  the d istri but ion 
of Ge l id ium spp .  as reported by Atmadj a  and Su l ia t i j o  (l 983a ) ,  and t he 
d i a t ri but 1on o f  Eucheuma app. aa a l so reported by Atmadj a  and Sul i atij o 
(1 983 b) . Ta ble 2 s hows the kinds of comme rc ial seaweed ,  moat of  which 
comes f rom natura l stoc ks , produced in 15 provinces in Indone s i a .  
During t he pe riod 1 9 74-1983 , seaweed product ion increased (Ta ble 3 ) , 
and more than 70 pe rcent of  thi s product ion came from t he Maluku 
region . Eucheuma spinoaum* cu l t ivated in Ba l i  accounted for a bout 2 . 5 
percent of  1 983 product ion . 

Unfortunately , a great Quant ity of  seaweed i a  st i l l  neglected . 
Even i f  this  seaweed we re harve sted and used in manufac turing or  
exported , it  would st i l l  not be used up  to i t s  fu l l  potent ial . For 
example , seaweed product ion in 1983 was 9 , 60 7  tons (va lued at Rp . 5 1 5  
mi l l ion) , bu t  only 3 , 405 tons with a va lue o f  Rp . 34 7 mil l ion we re 
exported . The unexported p roduct s  cou ld not be util i zed because moa t 
cons i st ed of  Eucheuma app. At t he same time , Indonesia imported 
350 , 182  kg of agar to supp ly dome s t ic demands (va lued at US $5 5 1 , 000 ) . 

SEAWEED EXPORTS 

Comme rc ia l  seaweed ac t iv i t ie s  in Indonesia moa t  like ly began with 
seaweed export s to  China over a century ago . Before World War I I ,  
seaweed was exported at t he rate o f  more than 1 , 000 t /y r ,  but over the 
last  few years exports  have tended to  inc rease , with the beat export 
yea r  (a bout 5 , 923  tons ) in 1 966 (Ta ble 4 ) . 

* The te rms "Eucheuma apinoaum" and "Eucheuma cot lonil" a re ut ili zed 
d i f ferent ly by sc ient ists  and those in the t rade . To sc ient ists, these 
te rms connote spec i f ic spec ies of Euc heuma whi le those in the t rade use 
these terms in a more gene r ic sense to des ignate iot a-carrageenian and 
kappa-car ragenan , respec t ive ly . The latte r uaage�the ae terms 
preva i l s  in t h i s  and the following presentat ions . 
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The most important market and shipping center for seaweed is Ujung 
Pandang, South Sulawesi. At present, seaweed is exported mainly to 
Singapore, Denmark, Hong Kong, Japan, and France. Singapore and Hong 
Kong are important as in··transit ports for the European markets� the 
United States, and Japan. About 90 percent of seaweed exported from 
Indonesia consists of Eucheuma which is used as a source of 
carrageenan. Gelidium and Gracilaria are usually exported to Japan. 

Ten years ago exports of Eucheuma from Indonesia dominated the 
world market. Since its successful cultivation in the Philippin�s� 
however, the Eucheuma market is dominated by Philippine products. In 
1 983, about 26, 0 0 0  tons of Eucheuma were cultivated in the Philippines� 
mostly for export (Porse, 1 985). 

TABLE 1 Variation in the Standing Seaweed Crop in Indonesia 

Location 

Waworada Bay, West 
Nusa Tenggara 

Maluku and East 
Nusa Tenggara 

Seribu Island, 
Java 

Tanjung Benoa, 
Bali 

Southeast Maluku 

Central Maluku 

awet weight. bory weight. 

Species 

Eucheuma 
spinosum 

E. spinosum 

E. spinosum 

E. serra 
Gracilaria 

lichenoides 
Hypnea spp. 
Ulva spp-

EUcheuma 
spinosum 

E. edule 
Gracilaria spp 

Standing Crop 
(t/ha) 

4. 0·l 8.oa 

o.ua 

1.52a 
1.63a 

Source 

Soegiarto� 1 966 

Mubarak� 1974 

Sulistijo & 
Atmadja, 1 97 7  

Sulistijo & 
Atmadja, 1976 

Sulistijo & 
Yusuf, 1 9 7 7  

Sulistijo & 
xurnaen, 1 97 7  

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

W o r k s h o p  o n  M a r i n e  A l g a e  B i o t e c h n o l o g y :   S u m m a r y  R e p o r t ,  J a k a r t a ,  I n d o n e s i a ,  D e c e m b e r  1 1 - 1 3 ,  1 9 8 5
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 2 6
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DOMESTIC UTILIZATION OF SEANEED 

Seaweed Aa Food 

Indonesians have col lected marine algae for centuries to use aa a 
food supplement , espec ial ly aa a vegeta ble; however, consumpt ion is  
sma l l .  Zaneve ld ( 1 955) ment ions some 5 5  usefu l  spec ies of seaweed 
found in Indones ia , inc luding t he economic a lgae of t he Southeast Aa ian 
waters . 

Seaweed ia  consumed in various forma --for example , raw aa  salad, 
boi led as a vegeta ble , pickled , and cooked with coconut milk. It i s  
a l so used for thickening soups , pudd ings , and sweetened j e l l ie s . In 
t he easte rn part o f  Java , puddings and sweetened je l l ies  are made f rom 
Hypnea spp . The organic compo s i t ion , including vitamins and minera l s, 
of  s ix spec ies of  seaweed found in Indone s ia is l isted in  Tables 5 
and 6 .  

The nut rit iona l  va lue of seaweed varies f rom one d iv i s ion t o  
anot her , from one species  to anothe r ,  and eve n  f rom one part of  a plant 
to  another.  Protein is gene ra l ly found only in small Quant it ies , but 
ve ry li t t le of that can be ass imi lated by humans . Car bohydrates are 
pre sent in la rge amount s , chie f ly as  ce l l  wall component s and as  
int race l lular s torage mat te r ,  but they a re not of great va lue as a 
source of energy . The carrageenan coe f f ic ient of d ige st i bility ia  
e s t imated to  be only 6 percent in humans , 33  pe rcent in dogs, and 50 
pe rcent in l a boratory rat s . That for agar i a  e st�ated to  be a bout 28 
percent in la boratory rat s  (Wa l ford , 19 58 ) . It baa been suggested t hat 
peop l e  who eat seaweed f rom chi ldhood may acQu ire certain bacterial  
flora in t he ir inte s t ine s  t hat he lp t hem d igest t hese foods . 

Seaweed as a Raw Mater ial  for Agar Manufac ture 

In spite of t he fact that "agar "  is an Indone s ian word , an agar 
indus t ry was only recent ly deve loped in Indonesia .  In 1 9 1 0, the f i rst 
lite rature appeared ment ioning an attempt to manufac tu re agar 
comme rc ially ,  a l t hough , no doubt ,  many unrecorded attempts bad been 
made be fore . The f i rs t  large-sca le agar factory in Indone s ia was 
e s t a bl i shed in Kudus , Centra l Java in 1930 . Immediate ly the reafter 
othe r  factories we re started in othe r  c i t ie s . Unfortunately , t he 
Indone s ian agar factories suf fered f rom of  the c ompe t i t ion with 
imported agar , a l ac k  of a cont inuous supply of good-Qua l ity raw 
mat eri a l , and a lack of  techno l og ie s . Ta ble 7 depicts  t he s ituat ion o f  
agar factories  in Indone s ia between 1954 and 1 964 , whi le Ta ble 8 
depic t s  that of agar indus t ries in Java . Because agar fac tories in 
Indone s ia are most ly home indus t r ie s , t he se fac tories wi l l  have a bard 
time surviving compet i t ion wi th  imported agar without government 
protect ion . 
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TABLE 2 Commerc ia l Seaweed Produc t ion in 15 Provinces iD lDdone s ia 

Province Spec ie s  

Bengku lu Ge l idium 

Lam.pung Ge lid iwu 

Riau Gelidium.1 Grac ilaria1 
Eucheuma 

We s t  Java Ge l id ium.1 Grac i l a ria1 Hypnea 

Centra l Java Ge l id ium1 Grac ila ria 

Yogyakarta Ge l idium 

Eas t  Java Gelidium1 Grac Haria 1 HIJ!nea 

Ba l i  Ge l idium.1 Ge 1idie l la1 Grac i l aria1 
Euc heuma1 BII!nea 

We s t  Nus a Tenggara Ge l idium.1 Grac i laria 

East Nus a Tenggara Ge l id ium1 Ge lidie l la 1 Grac i la r ia1 
Euc heuma 

Cent ral Sulawesi  Gelid ium.l Eucheuma 

Southeast Sulawe s i  Ge l id ium1 Eucheuma 

Sout h Su lawe s i  Eucheuma1 Grac i laria 

Maluku Eucheuma1 Ge l id ium.1 Grac ilaria1 
HII!nea 

Irian Jaya Eucheuma 
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TABLE 3 Indoneaian Seaweed Product ion and Value , 1 9 74-1 983 

Year 

1 974 
1 9 7 5  
1 9 76 
1 9 7 7  
1 9 78 
1 9 79 
1 980 
1 981  
1 982 
1 983 

SOURCE: 

TABLE 4 

Year 

1 961 
1962 
1963 
1 964 
1 965 
1 966 
1967 
1 968 

SOURCE : 

Product ion 
( ton• ) 

4, 232 
8, 325  
3 , 750 
4, 098 
5, 621 
5, 945 
7, 848 
7 , 2 5 1  
7, 479 
9, 607 

Central Bureau of Stat iat .ica ,  

Value 
( Rp .  1 , 000 ) 

95 , 897 
202, 760 
742, 486 
333, 354 
4 2 1, 272  
362 , 000 
398 , 000 
5 1 5, 000 

Jakarta . 

Indonea ian Seaweed Export• ( Dry Weight, Tona ) ,  

Expor t  Year Export Year 

921 . 6  1 969 2 , 1 83 . 3  1 9 79 
41 7 . 9  1 9 7 0  3 , 007 . 4  1 980 
1 58 . 0  1 9 7L 3, 733 . 5  1 981 
285 . 0  1 9 72 3, 7 21 . 9 1 982 

1, 1 32 . 0  1 9 7 3  3 , 25 1 . 2  1 983 
5 , 923 . 0  1 974 3, 301 . 3  

9 18 . 2 1 9 7 5  1 , 602 . 6  
2, 394 . 7 1 9 76 1 , 988 . 0  

Cent ral Bureau o f  Stat iet ica, Jakart a .  

1 961-1 983 

Export 

1, 836 . 1 
596 . 6 
690 . 2 

2 , 1 10 . 7 
3, 405 . 1 
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TABLE 5 Organic Compos it ion of Indone s ian Seaweeds ( Pe rcent of 
Air-dried We ight ) 

1 2 3 4 5 

Moisture 2 7 . 50 16 . 99  1 9 . 0 1 24 . 91 1 2 . 95 
Prote i n  ( 6 . 2 5  N )  5 . 40 2 . 48 4 . 17 3 . 14 9 . 98 
Car bohyd rates 33 . 22 63 . 19 42 . 59 3 7 . 5 2  54 . 43 
Fat s  8 . 62 4 . 30 9 . 54 . 5 2 1 1. 09 
Crude f i be r  3. 01  1 0 . 5 1  9 . 14 
As h 22 . 2 5 23 . 04 14 . 18 1 5 . 7 7  11 . 5 5 

1 .  Euc heuma spinosum 4 .  Grac i 1aria  confervoides 
2 .  Eucheuma spp. 5 .  Ge 1id iops i s  spp . 
3. Grac iia r i a  spp . 6 .  Hypnea spp . 

SOURCE: Soeg iarto (1968). 

TABLE 6 Nut rit iona l Va lue of Euc heuma and Grac i laria 

Moi s t u re ( % )  
Crude p rotein ( % )  
Fat s ( % )  
Ca r bohydrates ( % )  
Crude f i be r  ( % ) 
Ash ( % )  
Mine ra l s ,  Ca ( ppm) 

Fe ( ppm) 
Cu ( ppm) 
Pb ( ppm) 

Thiamin (mg / l OOg ) 
Ri bof lavin ( mg/ 1 00g ) 
Vitamin C (mg / l OOg ) 
Car rageenan ( % )  
Agar ( % ) 

!· api nosum 
Bali 

12 . 90 
5 . 1 2  
0 . 13 

13.38 
1. 39 

14 . 2 1 
5 2 . 8 20 

0 . 108 
0 . 7 68 

0 . 2 1 
2 . 26 

43 . 00 
65 . 7 5 

E .  s pinosum E .  cot t oni i 
S .  Sulawes i Ba l i  

11. 80 13 . 90 
9 . 20 2 . 69 
0 . 16 0 . 37 

10 . 64 5 . 70  
1 .  73  0 . 95 
4 . 79 17 . 09 

69 . 250 22 . 390 
0.326 0 . 1 2 1  
1 . 869 2 . 7 36 
0 . 01 5  0 . 040 
0 . 1 0 0 . 14 
8 . 4 5 2 . 70 

41. 00 12 . 00 
67 . 5 1 61 . 5 2 

6 

2 5 . 15 
1 . 59 

32 . 25 
5 . 81 

1 1 . 43 
23 . 7 7 

!!· &igaa 
Ba l i  

1 2 . 90 
7 . 30 
0 . 09 
4 . 94 
2 . 50 

12 . 54 
29 . 9 20 

0 . 701 
3 . 581  
0 . 190 
0 . 02 
4 . 00 

1 2 . 00 

4 7 . 34 

SOURCES : BPPT Seaweed Re search Team and Food Tec hno l ogy Deve l opment 
Center , Bogor Agriculture Ins t itute ) 
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Although t he appearance of Indone s ian-made agar i s  
a s  t hat produced elsewhe re, its  gel st rength is  leas . 
of Indones ian agar factories are most ly agar bloc k  and 
one factory in Surabaya produces agar powde r .  

TABLE 7 The Agar Industry in Indones ia, 1 954-1 964 

Raw Mat erial s 
Number o f  Number of  ( d ried seaweed , 

Year Factories Workers kg) 

1 9 54 7 1 66 
1 9 55 5 9 2  
1 9 56 9 163 
19 5 7  1 3  21 2 
1958 14 29 2 5 1 4 , 9 54 
1 9 59 14 284 588 , 1 51 
1 960 1 1  1 94 422 , 838 
1 961 10  187  498 , 5 36 
1 962 l l  2 14  490 , 240 
1 963 1 2 288 398 , 810  
1964 6 

SOURCE : Cent ra l Bureau of Stat is t ic s , Jakart a .  

almost the same 
The end produc t s  
agar paper; only 

Annual 
Product ion 
( kg )  

22 , 901  
1 3 , 7 34 
2 7 , 229  
33 , 083 
40 , 225 
46 , 05 5  
34 , 045 
34 , 15 7  
28 , 1 14 
32 , 9 34 
1 3 , 9 34 

At present , t he main  raw material  used by agar fac t ories i n  
Indone s ia i s  Grac i la ria; only a few u s e  Gelid ium ( Ta ble 8 ) . Fac tories 
cou l d  pro bably improve t he i r  produc ts  by using a good proport ion of 
Ge l id ium mixed with Grac ila r i a  t o  g ive t he r ight p rope r t ie s . Researc h 
is  badly needed in  t h i s  fie ld to support i nc reased p roduct ion and to 
make a bet t e r -aua lity agar in Indone s i a .  Establi shment of a 
car rageenan fac tory is  a l so urgent ly needed to support t he i nc reas ing 
produc t ion o f  car rageenophytes . 

Othe r  Use s of  Seaweed 

For many centuries  seaweed has been used as fert ili zer to inc rease 
c rop y ie lds  i n  Japan , China , Great Britain , France , Canada ,  and othe r  
count ries  t hat have extens ive seacoa s t s . Unt i l  now , t he re has been no 
appl icat ion o f  seaweed as fert ili zer  in Indone s i a .  I n  1980 , a fac tory 
t r ied t o  produc e fert i l i ze r  f rom seaweed; howeve r ,  t hus far t he re is no 
accep table mar ke t  in Indone s ia .  As an ag ricul tural  count ry , Indonesia 
has a good opportunity to explore t he use  of  seaweed as fert i l i ze r , 
espec ial ly in reg ions wit hin d is t ance of  t he coas t . 
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TABLE 8 Descript ion o f  Nine Aaar Factories in Java , 1 9 7 8  

Name Raw Material 
and No . of  Needed Produc t ion 
Locat ion Workers Spec ie s Used ( kg/mo ) ( kg/mo ) 

Unive rsal 4 Grac ilaria 7 1 0  42 
Sura bay a spp . 

S inar Kencana 32 Grac i laria  spp . , 1 3 , 000 800 
Su ra bay a Gelidium spp . 

Sinar  Kencana 1 5  Grac i laria spp . , 3 , 470 208 
Wonoco lo Ge l id ium spp . 

S r i t i 250 1 5  
Sura bay a 

Sari Jaya 2 , 2 78 166 
Sura baya 

Oen Brot he rs 7 Grac iia ria  spp . , 41 7 25 
Sura baya Gei id ium spp . 

Sumber Laut 7 Grac i laria spp . , 1 , 000 60 
Ge l id ium spp . 

Hasa l in 60 Grac i iaria spp . , 20 , 000-30 , 000 2 , 000-3 , 000 
Jakarta Ge l id ium spp . 

Dj awa 25 Grac Haria spp . 15 , 000 1 , 500 
Jaka rta 

SOURCE : Soeg iarto et  a l . ( 1 9 7 8 ) . 

In t he United States and many European count r ies such as  Denmark ,  
Norway , France , and Scot l and , seaweed has been used a s  a feeds toc k for 
a long t ime , and t hese c ount ries  manufacture this produc t  t hemselve s .  
I n  Indonesia , t here has been no sc ient i f ic attempt t o  use seaweed a s  a 
feedstoc k ,  a l t hough inha bi tant s o f  Nusa Tenggara be l ieve t hat sheep 
t hat occas ional ly feed on seaweed tend to have sweete r and be t t e r  meat . 
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USES OF MARINE ALGAE IN BIOTECHNOLOGY AND INDUSTRY 

Donald w. Renn 
Senior  Researc h Fe llow 

FMC Corporation 

INTRODUCTION 

Al l biolog ical organisms , including ma rine mac roalgae ( seaweeds) , 
contain a variety of c hemica l compounds--organic ,  inorganic , and 
mixed . The comme rc ially important hyd rocolloids --algins , carrageenan& , 
and agars ( from whic h d ifferent types of  agaroses are derived)--are a l l  
maj or component s of  macroalgae , bu� not t he same ones . The se po lymeric  
carbohyd rate s , or  polysacc haride s ,  have uniQue propert ies which have 
led not only to a wide variety of industrial and food app l ications , but 
have made t hem indispens i ble to biotechnology as we l l .  

Worldwide product ion of  these hydroco l loid& is  approximat ely 5 , 000 
tons for agars , 1 2 , 000 tons for carrageenan& , and 1 5 , 000 tons for 
algins . Most of this  product ion i s  consumed by food and indust rial 
applicat ions , with t he overa l l  growth rat e  proj ec ted t o  be less  t han 3 
percent per year over t he next 10  years . At this  rate , t he current 
world  manufac turing capac it ies s hou ld be suffic ient for this  period . 
Repre sentat ive prices are $4 . 10-7 . 70/kg for a lg ins , $6 . 60-13 . 20/kg for 
carrageenan& , $1 5-20/kg for food- and pharmaceut ical-grade agars , 
$100-260/kg for bacteriolog ica l -grade agars , and $500-2 , 000+/kg for 
purif ied , standard i zed agaroses and t heir derivat ive s . 

Before d iscuss ing t he orig in , propert ie s , and app l ications of these 
biopo lymer& , it  shou ld  be explained that hydrocol loid& are hydrophilic 
po lymers which  are soluble or d ispers i ble in  water to  t he extent that 
t he part icle s  cannot be seen us i ng an ord inary l ight microscope . As 
"water mod ifiers , "  hydrocolloid& can be used as  thickeners or 
v i scos i f ie rs--for example , nonge l l ing lambda-carrageenan , sod ium 
a lginate , car boxymethy lce llul ose , mic roc rystal l ine ce llu lose , and 
xanthan . Or , t hey can be gel l i ng agent s --for examp l e , aga r ,  agarose , 
kappa- and iota-carrageenan& , calc ium alginate , and ge lat in . 

The four maj or c lasses of  seaweed are Rhodophyta ( red a lgae ) , 
Phaeophyta ( brown a lgae) , Ch l orophyta ( green a lgae) , and eyanophyta 
( blue-green algae) .  Only t he red and brown a lgae are current ly sources 
of commerc ial produc t s  of  s ignificant va lue . The t hree type s of 
carrageenan ( des ignated kappa- , lambda- , and iota- ) and agar ( f rom 
whic h  agarose i s  derived by puri f icat ion) are obt a ined from red a lgae , 
but not f rom t he same spec ies . Algins are o btained from a number of 
spec ie s of brown algae and are p resent in a l l .  

- 1 7  -
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ALGINS 

Alt hough algin was d i scovered in Great.Britain in 1880 , commercial 
production was not begun until 19 29 , by Ke lco in Cali fornia.  
Alginatee , the sal ta  of  alginic ac id or algin , are composed of 
D-mannuronic and L-guluronic ac id res idues . Three kinde of polymeric  
segment s have been d iscovered in algins , the relat ive rat ioe of  which 
depend on the source and method of  ext rac t ion ( see Cot trel l and Bai rd , 
1 980 ; Cot t re l l  and Kovacs , 1980 ; Guiee ley , 1 968 ; and Renn , 1984b: all 
we re used as sources for this  sec tion) . One segment is composed 
e ssent ial ly of D-mannuronic ac id subunit s ,  another of essent ially 
L-guluronic acid subunit s , and t he third of  a l ternat ing D-mannuronic , 
L-gu luronic acid residue s ( Ta ble 1) . The p roport ion of the se 
compone nts varies ,  depend ing on t he source of the a lgin ( Ta ble 2 ) . 

TABLE 1 Mannuronic Acid and Guluronic Ac id Composit ion of  Alginic Acid 

Mannuronic 
Ac id 

Spec ie s  ( M )  wt . % 

Macrocys t is pyrifera 61 
Ascophyllum nodosum 65 
Laminaria d ig itata 5 9  
Laminaria hyper borea 31 

( s t ipe s) 
Ec klonia cava and 62  

E isenia�yc l i e  

SOURCE : Cot tre l l  and Kovac s ( 1 980). 

Gu luronic 
Acid 
( G) wt. % 

39 
35 
41 
69 

38 

M: G  
Rat io 

1 . 56  
1. 85  
1 . 45  
0 . 45 

1 . 60 

M : G  
Rat io 
Range 

1 . 40-1. 9 5  
1 . 40-1 . 60 
0 . 40-1 . 00 

TABLE 2 Proportions o f  Polymannuronan , Po lyguluronan , and Alternat ing 
Segment s in Alginic Acid from Dif ferent Sources 

Source 

Macrocyst i e  pyrifera 
Ascophy llum nodosum 
Laminaria hyperborea 

Polymannuronan 

40 . 6  
38 . 4  
12 . 7  

SOURCE : Cot tre l l  and Kovacs ( 1980 ) . 

Po lyguluronan 

17 . 7  
20 . 7  
60 . 5  

Alternat ing 

41 . 7  
41 . 0  
2 6 . 8 
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Isolation 

Alt hough processing of seaweed polysaccharides is generall y 
proprietary, a typical algin recovery procedure might include t he 
following steps: was hing the weed, a l ka l i  t reatment t o  d i s so l ve t he 
a lgin , c larif icat ion , calc ium chloride precipit ation , color removal ,  
ion exchange to  the sodium form , drying , and mi lling .  

Propert ie s 

Free alg inic acid is  essent ial ly insolu ble in water , but t he 
ammonium and alkali metal salta d isso lve re ad i ly in cold water  to form 
v i scous solutions . Insolu ble salta  are generally formed with the 
alkaline earth and group I I I  ions . This  p roperty enables t he format ion 
of c a l c ium alginate  ge l s .  Propy leneglycol alginate is important 
commerc ial ly because this  derivat ive is more ac id-s t a ble than nat ive 
a lgin and sta bi l i zes water-in-oil emulsions. 

Applicat ions 

Food 

Because of their thickening , ge lling , water re tent ion , and 
suspending propert ies and nontoxic nature , alginate• are important fo r 
their u se in food . They are used in fro zen foods t o  maintain  texture 
during f ree ze-thaw cyc le s , in bake ry ic ings to counterac t stic kiness  
and crac king , in syrups to suspend sol ids , in  salad dre s s i ngs and 
sauces as emuls ifiers , and in bee r  to enhance  t he foam. The gell ing 
p ropert ies o f  alginat e• a re important for preparing ins tant pudding 
mixes ,  pas try f ill ings , dessert gels , and fa bricated food s . 

Indus trial Use s 

The same propert ie s that make alg inate• useful for food 
app l ications also make t hem valuable for indust rial  uses . Alginate & 
are used in paper coat ings and s i zi ngs , adhe s ives , text ile print ing and 
dyeing , o i l dri l l ing muds, air-fres hener ge l s ,  explosives , boile r  
compounds , po l i s he s , ceramics , we lding rods , tablett ing agent s , and 
c leaners . Alginate• a l s o  funct ion as exce l lent med ia for dental 
impre ss ions , a l t hough this is not real ly an industrial or food 
app l icat ion . 

Biotec hnolog ica l  Use s  

B iotechno l ogy i s  def ined in We bster ' s New World Dic t ionary as "the 
use of t he data and tec hniaues of engineering and technology for the 
study and solut ion o f  p ro blems concerning l iving organi sms . "  The alga l 
hyd roco l loid& a re p laying an inc reas ing ly important role in 
biotechno logy , and the alginate& are no excep t ion . 
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When a solution of sodium alqinate is added in drops to a solution 
containinq calcium ions, water-insoluble calcium alqinate qel droplets 
are formed. This procedure can be used to-encapsulate microbial� 
plant, and animal cells, and, as with carraqeenan, these caqed cells 
are beinq evaluated as bioconversion systems. calcium alqinate qels 
are not thermoreversible, but they will dissolve in the presence of a 
calcium-sequesterinq aqent such as EDTA· 

Kyowa Hakko Koqyo, Ltd. in Japan now has a commercial ethanol 
process based on alqin-immobilized yeast cell, fluidized bed reactors. 
In addition, in a laboratory test pancreatic cells contained in a 
calcium alqinate sac and implanted subdermally in laboratory animals 
continued to secrete insulin for approximately one month. Finally� 
Damon's cell entrapment system for producinq monoclonal antibodies from 
hybridomas is alqin reacted with polylysine to decrease water 
solubility. 

Calcium alqinate fibers are used in medicine as swabs for 
physioloqical samplinq and as pads to control hemorrhaqinq of wounds. 

CARRAGEENANS 

"C&rraqeenan" is a qeneric term for a complex family of sulfated 
polysaccharides extracted from a number of different red seaweeds (see 
Guiseley et al., 1980: Guiseley, 1 968: and Renn, 1 984b). They are all 
sulfated linear qalactans, whose idealized basic structural unit, 
carrabiose, is an alternatinq. a 1,3-D qalactose, S 1,4 -3, 6 anhydro 
D-qalactose disaccharide. Fiqure 1. 

Residents of COunty carraqheen on the southern coast of Ireland are 
reported to have used the seaweed Chrondrus crispus in foods and 
medicine about 600 years aqo. Known as "Irish moss" and containinq 
carraqeenans, this seaweed was used primarily in early times to make 
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F IGURE 1 Repeatinq structure of carraqeenans. 
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mi l k  pudd ings or eo-cal led f l ana . The f irst p rocess  for extrac t ing 
carrageenan• from Irish  moss vas patented in 18 7 1 ,  but it vas not unt i l  
19 37  t hat commerc ial production was started . 

Isolat ion 

A typical process  would inc lude the fo l lowing steps : washing the 
weed , extract ion and/or mod i f icat ion using alka l ine reagent s ,  removal 
of  weed res idue s , concentrat ion , coagu lat ion , d ry i ng , and mill ing . 

Propert ies 

Three maj or type s of  carrageenan• ,  des ignated kappa- ,  lambda- , and 
iota- , are used comme rc ia l ly . These d i f fer i n  t he amounts and po s i t ion 
of  ester su l fate subst ituent s and content of  3 , 6  anhydro-ga lac toae . 
Kappa-carrageenan ge l s  in t he pre sence of  pota s s ium ions to form 
strong , cri sp ge l s , while lamba-car rageenan i s  nonge l l ing but forma 
viscous so lut ions . Iot a-ca rrageenan ge l s  in t he presence of ca l c ium 
ions to  form e last ic ge l s . Because o f  the i r  strong ly anionic nature , 
these carrageenan& exhibit a high degree of protein reac t ivi ty .  The 
f ree ac ids are uns t a ble and rapid ly undergo autocataly t ic degradat ion . 
Comme rc ial  produc ts  are usua l ly mixtures of sod ium, potass ium ,  or  
calc ium sa l t s .  

Chondrus cri spus i s  the primary source of the lambda-carrageenan , 
Euc heuma cottonii of t he kappa-carrageenan , and Euc heuma spinosum of 
the iota-carrageenan . At l east 26 d if ferent red seaweeds are 
reportedly used for manufac turing carrageenan& , inc lud i ng Giga rt ina 
radula which contains kappa- and xi-car rageenans .  

App l icat ions 

Food 

Carrageenans can be used to ge l ,  thicken , suspend , and stabi l i ze ;  
t hus , t hey a re va luable in a number of food app l icat ions . Produc t s  
bene f it ing from o r  made poss i ble  by the i r  ava ila bi l i ty inc lude 
choco late mi l k ,  mi l k  pudd ings , ice cream,  infant formu las , evaporated 
mi lk , p roces sed c heeses , water des sert ge l s , l ow-calorie j e llie s , and 
pet foods--to name a few . 

Misc e l laneous Consumer Items 

Important uses for carrageenan& which are nei t her food nor 
industri a l  inc lude binders for toot hpaste , body ing agent s for s hampoos 
and ri nses , ingredient s in  s ki n  c reams and lot ions , air-freshener ge l s , 
and pha rmaceut ical  suspens ions . 
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Industrial Uses 

The suspend ing and thixotropic propert ies of. iota-carrageenan make 
it ideal for a bras ive , p igment , and agr icultural agent suspens ions . 
Because of  the ir strong ly anionic c harac ter and protein reac t iv i ty ,  the 
carrageenan& are used a s  proce s s ing aida in  t he fining of  beer and wine 
and as flocculant s for protein recovery . 

Biotechnolog ical Uses 

Al t hough it is we ll known t hat lambda-carrageenan i s  used to 
p roduce rat -paw edema and ot he r  inflammatory cond i t ions for screening 
synt he t ic and natural produc t cand idates for ant i-inf lammatory agent s , 
only t he kappa- , or rig id ge l -forming ,  carrageenan has found 
sign i f icant use in new biotec hno l ogical  app l icat ions . Aaueoua 
solut ions of kappa-carrageenan form strong , transpa rent , 
t hermoreve ra i ble ge l s  in t he pre sence  of potass ium salt s .  

Living or killed , but en zymat ically ac t ive , ce l l s o f  yeast  or 
bac t eria , for examp l e , can � encapsulated or immo bi lized in a beaded 
cage of kappa-ca rrageenan by introduc ing t he sod ium salt into a 
solut ion c ont aining potassium ions . The beads can be used d irectly or 
inso lubi l i zed by subseQuent t reatment with g lutara ldehyde or 
po lycat ions and then used for bioconvera iona . Dr . Ichiro Chi bata and 
his  assoc iates at Tana be Se iyaku Co . , Lt d .  in Osaka , Japan p ioneered 
t h i s  tec hniQue and developed severa l commerc ia l processe s  baaed on i t , 
inc lud ing convers ion of glucose to ethano l  and produc t ion o f  L-aapart i c  
and L-ma l ic ac ids . A number of other research groups are looking int o 
the immo bi l i zat ion media potent ial  of carrageenan in add it iona l 
commerc ial bioconvera iona , inc lud ing some systems using p lant and 
anima l ce lla . 

AGARS 

Agars are mixtures  of po lysaccharides extrac ted f rom certa in red 
seaweeds ,  part icu larly Grac ilaria ,  Ge l id ium ,  Pteroc lad ia ,  
Acant hope l t i a , and Ce ramium genera ( see Meer,  1 980 ; Reno , 1 984a , 1 984b ; 
and Gui aeley , 1 9 68). They have ac hieved commerc ial  importance because 
of  t he i r  a bi l ity to  ge l aoueous solut ions at low concent rations . 

In t he form of sweetened and somet imes flavored ge l s , agars have 
been used as desserts  in t he Orient for severa l centurie s .  They have 
been known in t he dried state s ince t he mid-1600a whe n the current ly 
used f ree ze-thaw p roce s s  for purifying t hem was acc idental ly d i scovered 
by an i nnkeeper in Japan , who found the ge l struc ture of his  j ell ies 
destroyed by this temperature cyc l ing . Agars we re introduced into 
Europe and America from China in t he middle of  the nineteent h  cent ury 
a s  ge lat in subst i tute s for making ge l led des sert s . 

Wo rldwide p roduc t ion of  aga rs  i s  est imated t o  be a bout 5 , 000 t/yr. 
Chief producers a re Japan , Spain , Taiwan , Korea , Morocco , Chi l e , 
Portugal , and the Uni ted States . About two-thi rds of this  produc t ion 
is used in foods and med ic i nes and as a component of dent a l  impres s ion 
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mate rials . Most of t he remainder i s  used for bacteriological med ia . 
Les s  t han 1 pe rcent i s  used as a raw materia l  for agaroae p roduc t ion . 
Agaro biose , the ideali zed d isaccharide repeat ing subuni t of agar , is  
composed of 1 , 3 l inked B/-D ga lactopyranose and 1 , 4  l inked 3 , 6  
anhydro a-L-ga lac topyranoae . 

Iso lat ion 

Agar-bearing seaweeds are f reQuent ly p ret reated wi th hot a lkali to  
improve ge l strength of  the ext rac t by conve rt ing eater  sulfates in t he 
6-posit ion of t he L-galactoae to 3 , 6 anhyd ro groups . The t reated weed 
is extrac ted with ac id ic , bas ic , or neut ra l hot aQueous solut ions , t he 
re s idue is  removed , t he f ilt rate i s  concentrated and allowed to  ge l ,  
and t he gel i s  f ro zen and thawed , p res sed and washed , then dried and 
mi lled . 

Propert ies 

An aQueous agar solut ion at low concentrat ion (92 pe rcent w/v ) 
wi ll form a f irm ge l when coo led be low a bout 40 ° C ,  and will t hen retain 
i t s  ge l charac terist ics unt i l  t he ge l me l t s  at about 85°C .  This  
me l t ing point -ge lling point d i f ference i s  a prope rty known as  
hys te re s i s . Ge l format ion at low concent rat ions , low react ivity with  
other compounds , degree of  hystere s i s , re s istance to  common 
mic roorganism degradat ion , and a bility to retain Quant it ies of moi s ture 
are among agar ' s  mos t  va lued p ropert ie s for food and biotechnol ogical 
app l icat ions . 

App l icat ions 

Food 

The maj or appl icat ions for agars cont inue to be in food s . Alt hough 
some are s t i l l  used for j e l ly-type dessert s , ices , and canned meat s ,  
f i sh , and pou l t ry ( inc lud ing pet foods ) ,  moa t  a re used by bake rs and 
confec t ioners . Bakers use agars in icings , whe re t hey serve as a 
moisture barrie r to prevent drying of unwrapped goods suc h as doughnut s 
and sweet rolls and running of  ic ing on goods enc losed in tight ly 
sealed pac kages . Confect ioners use agars t o  prepare j e l ly cand ie s  and 
spec ialty produc t s  such as  marshma l lows and sugared fruit s l ices . 

Misce llaneous Consume r Items 

In t he pharmaceut ica l fie ld  agars are used as laxat ive s and in 
dental  impre s s ions and ot he r  cas t i ng med ia , as well as for 
suppo s i tories and carriers for t op ical  med icat ions . 
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Indust rial Uses 

No large-scale  indu s t r ial appl icat ions. are reported for agars , 
a l t hough t hey have been used for certain cast ing procedures requ i ring 
high prec i s ion. 

B iotechnolog ical  Uses 

In 1 882 , Dr . Robert Koch forma l ly announced t he use of agar a s  a 
new sol id cul ture med ium for mic roorgani sms fol lowing his now-famous 
experiment s on tubercul os i s  bacteria . Thus ,  i t  can be sa id t hat agar 
was f irst used in a biotechnolog ical appl icat ion in t he 1 880s . 
Ama zing ly ,  this  t he moat  s igni f icant use of nonfood and pharmaceut ical  
agar has  not changed in 100 years ; it i s  s t i l l  the med ium of c hoice for  
gene ra l  mic robiolog ic a l  growt h and ident if icat ion . Wi th t he advent of  
recombinant DNA and cel l fus ion techniques , muc h of t he se lect ion , 
c loning , and p ropagat ion of mod i f ied bac teria  and yeasts  are being done 
on aga r .  

AGAROSES 

Agar has  i t a  l imitat ions . Thus , it cannot be used for a number o f  
biotec hno l og ic a l  appl icat ions because of  the pre sence o f  vary ing and 
i l l -def i ned ionic moiet ies ( see Guiseley and Renn , 197 7; Wome r ,  1982 ; 
and Reno , l984a , 1 984b) . 

The concept t hat agar i s  composed of neut ra l  "agaroae" and ionic 
"agaropec t in" is  an oversimp l if icat ion which pe rs i s t s  throughout muc h 
of  the cur rent l iterature. Moat  of the c omponent s of agar do have t he 
aga ro bioae bac kbone or a p recursor . Al t hough not a lways present 
concur rent ly , sul fate e s t er ,  methoxy l , ket a l  pyruvat e , and car boxy l 
groups can appear on t he aga ro bioae bac kbone in an a lmost inf inite 
numbe r  of combinat ions . The cond it ions used for separat ion determine 
in whic h f ract ion spec i f ic molecules appear .  Duc kwort h and Yaphe 
( 1 9 7 1 ) , based on t he ir comprehens ive chromat ographic and enzymat ic 
stud ie s , recommended t he fo l lowing as a p rac t ica l def init ion of 
agaroae: "• • •  that mixture of agar molecules wit h t he lowest charge 
content and , t herefore , t he greatest ge lling abi l ity , fract ionated from 
a who le  comp l ex of molecules  cal led agar , a l l  d i f fering in t he extent 
of mas ki ng wit h  c ha rged groups . "  

Isolat ion 

Moat  comme rc i a l  processes  for isolat ing aga roaes f rom agars are 
based on d i f ferences  in  solu bi lit ies or chemica l  reac t ivi ty as soc iated 
with t he anionic c harac t e r  of t he "agaropect ins . "  The most important 
of  the se comme rc ial  processes  inc lude se lect ive remova l of t he 
agaropect ins us ing Quaternary ammonium sa l t a  or ot he r  s pec i f ic 
prec ipitant s and f rac t iona l prec ipitat ion of t he agaroses u s i ng 
reagent s such as po lyet hy lene glycol.  
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The phys ical and chemica l prope r t ie s  of each agaroae preparat ion 
ref lect  t he aeaweed aource , inc l uding locat ion and atage of g rowth 
cyc le , agar recovery procedure , and proceaa uaed t o  isolate the 
aga rose. To asaure lot-to-lot agarose equivalence and thua permi t 
reproduc i bi l i ty for a g iven a saay , a numbe r  of charac ter i zat ion 
parameters have been explored and met hode deve loped for the ir 
Quant if icat ion. The moat  important of  the ae are ge l s t rength ,  ge l l ing 
and me l t ing tempe rature s , and e lectrica l propert ies of the ge l .  

Propert ie s  

Aga rose is  a t  preaent t he only comme rc ia l ly ava i lable , 
the rmoreve rs i ble , ion-independent ge l l ing agent . Although an ideal i zed 
aga rose  preparat ion t hat contains anionic subs t ituent& has not yet been 
reported , some type s  of  agarose are suf f ic ient ly devoid of  charged 
res idues t hat they can be said to be essent ia l ly neut ral and to exhi bit 
v i rtual ly no nons pec i f ic protein reac t ivity . Because agarose ge ls  
wate r  at l .  0 percent o r  less , mechanica l ly sta ble ge ls  wit h large 
re lat ive ly uni form pores are eas i ly formed . The exc lus ion l imit s of 
sphe r ica l p roteins va ry with t he concent rat ion of agarose in t he ge l.  

Like those of agars , the ge l l ing and me l t ing tempe ratures of any 
aga rose preparat ion a re not ident ical aa a resu lt  of hys t e re s i s. The 
t empe rature at which an agarose so lut ion ge l a under g iven cond it ions 
has been found to be d i rec t ly re lated to the met hoxy l content , with 
ve ry few except ions. Thus , agarose . of Ge l id ium orig in , having 
inhe rent ly fewe r  met hoxy l subs t ituent & , ge l s  in the range of 34 u -38° C ,  
whe reas that f rom Grac i laria ge l s  a t  40 ° -5 2 u c .  These measurement s were 
obtained using dynamic cond t t ions , coo l ing at t he rate of 0 . 5 ° C/mi n .  
Ge lat ion occurs at somewhat highe r  tempe rature• when cons idera bly 
s lowe r coo l ing rates are used . 

E lect roendosmos i s  ( EEO ) i s  an important fac tor whe re appl icat ions 
invo l ve using aga rose ge l a  in an elec t r ic f ie l d .  Although 
p redominant ly neut ra l , the agarose mat r ix conta ins some anionic 
res idue s --sul fate and pyruvate. Asaoc iated with these res idues are 
hydrat ed count erions . When an e lect ric potent ial i s  appl ied ac ros s  an 
aga rose ge l ,  the counte rions migrate toward t he cat hode carry ing the i r  
water  of hydrat ion and any neut ra l sample mo lecules wi th t hem. Thus , 
t he re i s  a net f l ow of  wate r  in the ge l toward the cathode , whi le t he 
f ixed anionic groups in  t he mat rix are una ble t o  move. Thi s  l iQuid 
f l ow i s  termed "e lect roendosmos i s , "  and some important app l icat ions 
depend on this  property . 

App l icat ions 

Almost  a l l reported app l icat ions of aga roses  can be c ha rac teri zed 
as biotechno logy orient ed .  They fa l l  int o  f ive ma in categor ies: 
e lect rophore s i s , immunology , microorganism cu l ture , chromatography , and 
immo bi l i zed systems tec hno l ogy. Because app l icat ions in each category 
are extens ive , this  p resentat ion highl ights only a few. 
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E lect rophoresis  

Agarose ge l s  cont a ining t he appropriate buf fers provide exce l lent 
med ia for sepa rat ion of po lye lect ro lyte& , part icu l a r ly p rote ins and 
nuc l e i c  ac ids and the i r  de rivat ive s , by charge or mas s ,  us ing an 
e lect r ic potent ial . Sepa rat ions by charge are based on d i f ferent ial  
rates  of  migrat ion o f  charged part ic les towa rd t he oppo s i t e ly charged 
e lect rode when an e lec t r ic potent ial  is app l ied ac ros s  t he ge l .  
E lec t rophoret ic separat ion by mass  o r  mo lecular s i ze depends  on t he 
re lat ive a bi l ity of part ic les  to mig rate th rough t he pores of t he ge l 
mat rix . The sma l ler  the mo lecule , t he less i s  t he rest rict ion , and , 
the re fore , t he fas t e r  i s  t he movement . This  type of  e lec t rophoret ic 
sort ing i s  f reQuent ly termed "molecu l a r  s ieving e lect rophore s is . "  
D i f f e rent p rote ins cont a i n  d i f fe rent c harge :mass rat ios . At t imes , 
c hemic a l s  suc h  as t he dete rgent sod ium dodecy l sul fate ( SDS ) are used 
to  minimi ze or comp l ete ly mas k  t he c harge e f fec t .  Thus , sepa rat ion 
proceeds on s i ze alone . 

S inc e se rum component s re f l ec t  va rious c harge :mass rat ios , agarose 
ge l e lect ropho re s i s  is rout ine ly used i n  c l i nical la boratories  to 
ident i fy prote i n  a bnorma l i t ies , inc lud ing enzyme var iat ions i n  se rum 
and p lasma as we l l  as in  other bio l og ica l f l uids . 

Two c ri t ical  procedure s in recombinant DNA or gene t ic enginee ring 
tec hniQues re ly on aga rose ge l e lect ropho re s i s : ( 1 ) sepa rat ion and 
iso lat ion of  des i red gene DNA f ragment s ,  and ( 2 )  gene mapping . Because 
c ha rge dens i t ies a re es sent i a l ly eQua l in DNA and re st rict ion en zyme 
c leaved f ragment s ,  a l l  mig rate  accord ing t o  s i ze in e lec t r ic f ie lds 
s t a b 1 l i zed by agarose . Us ing 0 . 1 -2 . 5  pe rcent aga rose ge l s , resolut ion 
of  a bout 0 . 1 -900 ki l o base pa irs  is  poss i ble . One can separate 
pa r t ic les suc h as phages , vi ruses , and caps ids us i ng even lowe r 
concent rat ions of  agarose ( 0 . 035  pe rcent ) .  Wi t h  t he use of NuS ieveTM 
agarose , a recent ly int roduced FMC produc t , sepa rat ion of gene 
f ragme nt s of 1 0- 1 , 000 base pa i r s  can be re so lved . Thi s  product cou l d  
rep lace po lyac ry lamide f o r  t h i s  purpose . 

FreQuent ly , a scient i s t  wishe s  t o  recove r separated nuc l e ic ac ids 
or  f ragment s f rom e lect rophoret ic separat ions . The two low-ge l l infM 
low-me l t ing tempe rature hyd roxyethy l  aga rose de rivat ives SeaPlaQue 
and SeaPrepTM agaroses ( FMC Corporat ion) of fer t he f l exi b i l ity of 
t he rma l  d i s rupt ion of t he aga rose mat r ix at tempe rat u res be low t he 
denat urat ion point of  the po lynuc l eot ide& . 

Cros s-l inked po lyac ry lamide ge l e lec t ropho res is has been used 
f reQuent ly for mo lecular s ieving of  smal ler  molecules . Thi s  material  
i s  produced by po lyme r i zat ion in s itu and can be d i f f icu lt  to  form 
reproduc i bly . In cont rast to agarose ge ls , it  is  a l so d i f f icu l t  to d ry 
a run f i lm one wis hes  t o  save wit hout c rac king i t . A recent d i scove ry 
wa s  t hat a nonge l l ing olef inic agarose der ivat ive , known as 
Ac ry lAideTM c ross-l inke r ,  can be s u bs t it uted for N , N ' -met hy l ene
bis -ac ry l amide t o  c ros s - l ink po lyac ry lamide ge ls  whi le maintaining a 
re solving capac i ty .  The se ge l s  can be read i ly oven d r ied to  a 
cohe re nt , und i s torted f i lm even at 15 pe rcent ac ry lamide-1 percent 
Ac ry lAide c ross -l inker concent rat ions , part icularly on FMC ' s  
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Ge lBondTM PAG f i lm.  This  s imp l i f ies both aut oradiographic and 
f luorographic procedures for ide nt i fying gene produc t s . 

A spec ial form of  e lec t rophore s i 1  known as ieoe lect r ic focusing 
( IEF ) takes advantage of t he vary ing isoe lect ric po inte of  amphoteric 
biopo lymers . Done t rad i t iona l ly on po lyac ry lamide ge l s , it  has now 
been adapted to  spec ial ly de1 igned , neg l ig i bly charged agaroee med ia . 
FMC ' s  Ma rine Col loid• Division produces one such produc t , IsoGe lTM 
agaroee , which  i s  a mixture of a ve ry low EEO agarose and a 
ga lac t omannan whic h furthe r  suppresses charge . Pharmac ia has des igned 
a der ivat i zed IEF agarose which  has balanced anodal and cat hodal EEO 
and can t he re fore be used for isoe lec t r ic focus ing .  

Recent ly , t he u1e o f  agaroee for two-d imens iona l  e lect ropho re s i s  
has be e n  report ed , ut i l i zi ng IeoGe l aga rose f o r  ieoe lect r ic focus ing i n  
t he f i rs t  d imens ion and a SeaPl aQue , SeaPrep agarose grad ient i n  t he 
second . Th i s  deve l opment s hould  al l ow examinat ion of mixtures of  large 
mo lecules  whic h  are total ly exc luded by po lyac ry lamide ge l s . 

l111Duno l ogy 

App l icat ions of agarose in immuno logy for t he detect ion and s t udy 
of va rious ant igenic mat e r ia l s , part icul a r ly d i sease ind icat o rs , and 
t he i r  spec i f ic ant i bodies are eo numerous t hat  this  present at ion can 
ba re ly sc ratch  t he surface . "Ant igens " are any substance not 
rec ogn i zed as "se l f "  t hat  give rise  to an immuno log ical res ponse . 
"Ant i bod ies"  ( immunog l o bul ins ) are spec i f ic p rote i ns formed by 
spec ial i zed animal c e l l s . They are synt he s i zed in re sponse to  an 
ant igenic st imu lus and wi l l  combine spec i f ical ly wi t h  t hat ant igen t o  
neut ra l i ze i t s  t h reat t o  t he anima l . Many of the se ant igen-ant i body 
comp l exes are i nso luble ; t hus , i f  an ant igen and t he ant i body spec i f ic 
to i t  d i f fuse separat e ly th rough an agarose ge l , the pos i t ion whe re 
t hey come toget he r wi l l  be marked by a c loudy or white  so-ca l led 
prec ip i t in band marke r .  Because of  the mac roporo s i ty of  the aga rose 
ge l mat rix ( ant i bod ies a re large mo lecu les ) , its re l at ive c hemical 
neut ra l i ty , and its high c la r i ty , agaroee i s  an ideal med ium fo r 
immuno l og ica L reac t ions . A number of  immuno log ica l tec hniQues , a l l  of  
which  emp l oy agaroee and re ly on visual i zed ant igen-ant i body 
i nte rac t ions , have been deve loped . These i nc lude ge l d i f fus ion , rad ia l  
immunod i f fusion , immunoe lec t ropho re s i s , e lect ro immunod i f fus ion , and 
counte re lect ropho res i s . 

Some o f  t he immuno bio l ogical assays , such as  p laQuing t o  detec t  
s i ngle ce l l  ant i body producers , hemo lys i s - i n-ge l ,  and m1g rat ion 
i nhi bi t ion factor  assays , have bene f i ted f rom deve lopment of 
low-ge l l ing , low-me l t ing t empe rature aga rose p roduc t s  in which ce l l s  
can be incorpo rated a t  t empe ratures a t  which t hey remain v i able . 
Furthe rmore ,  aga rose pa rt ic les , to whic h ant igens , ant i bod ies , en zyme R , 
or enzyme subst rates a re at tac hed , have ena bled highly sens i t ive 
spec i f ic mo lecule or mic roorganism assays t o  be deve l oped . 
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Mic roorganism and Ce l l  Cu lt ure 

Agar has l ong been t he s t andard med ium . for mic roorgani sm and ce l l  
cui ture . Howeve r ,  even t he bac t e r io log ica l -g rade agars va ry 
cons ide ra bly f rom lot t o  lot  and contain  vary ing propor t ions of unknown 
ent it ies , some o f  whic h a re reported to be toxic to mic roorganisms and 
p l ant and animal c e l l s . Thi s  leads t o s lower or no g rowt h  of sens i t ive 
ce l l s and mic roorgani sms . Aga rose , because of its  highe r  degree of 
pur ity and cons ist ency , ia  be i ng used inc reas ing ly by sc ient ists  for 
c r i t ica l cu l tures . Ant i body-p roduc ing hy br idomaa , after format ion by 
fus ion , have been found to  reproduce more c ons istent ly on agarosea .  

One of t he p ro blema wit h  aga r , i nc lud i ng standard aga roae 
p repa rat ions , is  t he re lat ive ly high ge l l i ng tempe rat ure . Wi th t he 
avai la bi l ity  of  l owe r ge l l ing- and me l t ing-tempe rature hyd roxyet hy l  
agarose der ivat ives , suc h as SeaP iaQue and SeaPrep aga roses , ce l l s  and 
o t he r  hea t -l a bi le substances can be i ncorporated int o  ge l l ing med ia at 
cons idera bly l owe r tempe rat ures t han be fore . In add i t ion , the se 
hyd roxyet hy l  aga rose de r ivat ives seem to  encourage ce l l  growt h .  

Chromat ography 

Columns of beaded aga rose ge i par t ic l es , sold  under suc h  t rademarks 
as Sepha rose ( Pha rmac i a )  and Bio-Ge l  A ( Bio-Rad La boratories ) ,  se rve as 
med ia for mo lecula r -s i ze sepa rat ions because of the uni form e f fect ive 
po re s i ze re lated to a pa rt icu l a r  concent rat ion of aga roae in t he ge l .  
Aga rose i s  t he pre fe r red c hromatog raphic med ium fo r separat ions of 
molec u l e s  great e r  t han 250 , 000 da l tons whe re minima l nonspec i f ic 
bind ing t o  t he med ium and ret ent ion of bio log ical  ac t iv i ty of  t he 
molecules be i ng separated a re important . Af f inity ch romatography is a 
rap id ly growing extens ion of  agaroae ge l c h romatog raphy . In t h i s  
tec hniQue , a n  ant igen , ant i body , enzyme , co-en zyme , or  subst rate i s  
bound phy s ica l ly or  c hemic a l ly to  t he agarose ge l pa rt ic l e .  The se 
bound L igands inte rac t spec i f ica l ly wi t h  mo lecules having a pa rt icu l a r  
phys ical  o r  c hemica l conformat ion , and thus remove t hem se lect ive ly 
f rom c omp lex mixtures containing t hem. The spec i f ic mo lecu les  can 
subseQuent ly be e luted by changing t he c ompos i t ion , pH , or  ionic 
st re ng t h  of t he e luant , t hus e f fec t i ng pur i f icat ion in a s ing le step 
with  h1gh y ie lds . 

Aga rose may a l so be der ivat i zed  so t hat func t iona l  hyd ropho bic 
g roup l igands a re avai la ble . Work by a num be r  of  invest igators in  t he 
f ie ld of  agarose - based hyd ropho bi c chromatog raphy ind icates promise for 
t his  ve rsat i le tec hniQue . 

More rest r ic t ed pore med ia for  chromatog raphy have been deve loped 
by combi ning aga rose wit h po lyac ry l amide . Suc h p roduc t s  a re avai lable 
c omme rc ial ly under t he t rademar ks Ult roge l ( LKB Ins t rument s )  and 
Sephac ry l ( Pha rmac ia) . 

Fina l ly ,  a numbe r of  ionic agarose deriva t ive s use fu l for 
c h romatog raphy have been deve loped . The se and t he aforement ioned media 
have found numerous app l icat ions in t he f ie ld of biotec hno logy , 
assuring a s t rong future fo r aga rose beads and g ranu les and t he i r  
der ivat ives in separat ion and pur i f icat ion sc ie nce . 
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Immo bi l i zed Syatema 

Agarose-immobi l i zed c e l l a  and enzymes a re important bioconve rtera . 
The re have been many report s  in t he l it e rature regard ing t he use of 
agarose ge l f i lma , par t ic les , or  beads t o  attac h  enzymes or encage 
ce l l a and su bseQuent ly ut i l i zing t hem as bioconvertera to t rans form one 
chemical t o  anothe r .  The interested inveat igat or i s  urged t o  conau l t  
t he l it e rature for furt her  spec ific informat ion o n  t hi a  techniQue . 

One spec ific app l icat ion recent ly deac ri bed , whic h  may have 
inte re s t ing conseQuence• , ia t he uae of low-ge l l ing tempe rature SeaPrep 
agaroae to encapsulate insul in-produc ing panc reat ic Islet  of Langerhan 
ce l l a  for t ransplantat ion . 

F inal ly , t he use of  agaroae t o  encapsulate ac t ivated c harcoa l  and 
ion-exc hange resina in agaroae beads  for hemoper fua ion to detoxify 
ind ividua l s  suf fering f rom a d rug ove rdose looks promis ing . 

Many othe r  as  yet minor nic hes in t he area of biotec hnology have 
been found for agaroae , but apace doe • not pe rmit desc r i bing t he a e .  
New biotechno l og ical  uses are cont inua l ly being d i acove red f o r  aga roae 
and ita derivat ives . 

CONCLUS ION 

The uniQue prope rt ies assoc iated with  a lgina , car rageenan& , aga rs , 
and agarosea --po lyaaccharidea f rom seaweeds or marine a lgae--have been 
t he foundat ion of a number  of auccea s fu l  comme rc ia l  ventures , ranging 
f rom aeaweed c ult ivat ion , ha rve s t ing ,  and processing to  spec ial ty 
app l icat ions . Al t hough biotechno logy does not at preaent reQui re large 
vo lumes of  these a lgal po lysac c har ides , t hey have ena bled many 
pionee ri ng advance•  t o  be made in t h i s  rapid ly evo l ving f ie ld . 
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BIOTECHNOLOGICAL AND ECONOMIC APPROACHES TO INDUSTRIAL 
DEVELOPMENT BASED ON MARINE ALGAE IN INDONESIA 

Maxwe 11 S • Doty 
Botany Depa rtment 

Univers i ty of Hawa i i  

INTRODUCTION 

High-t echnology industrial  deve l opment s baaed on ma rine a lgae 
( seaweed ) show promise for Indone s i a , a count ry wi t h a long record of  
export ing marine a lgae . Thi s  pape r add re sses t he biotec hno l og ical and 
economic aspect s  of  produc ing seaweed as t he raw mat erial  for such  
indus t r ia l i zat ion.  

Seaweed p roduc t ion i s  the prac t ic a l  s ide of seaweed phys io logical  
eco l ogy . Ve ry l it t le re l ia ble informat ion is  ava i l a ble on  t he latter  
such as would be obt a i ned f rom f ie ld expe riment at ion . Yet , as  a re sult  
of a growing world  popu lat ion and changing mate rial  des i re s , t he market 
demands for s u bs t ances  such as  the algal hydroc o l loid& are expand ing .  

Fa rming o f  seaweeds has become a neces s i ty i n  Indone s ia a s  t he wi ld 
c rops a re nei t he r  adeQuate in vo lume and re l iabi l i ty nor compe t i t ive in 
cost . Comme rc ia l  i nt e re s t s  in  Indone s ia have begun to  farm one type o f  
seaweed , the red alga Eucheuma , but i t s  marke t  deve lopment has paused 
near  t he 600 t /y r  leve l , apparent ly because of t he Qua l ity of t he 
produc t . 

Al l seaweed-produc ing count ries need t echnical i nformat ion t o  
pe rfect t he i r  seaweed p roduct ion in re lat ion to  t he i r  nat iona l  
o bj ec t ives . Thi s  informat ion is  beginning t o  appear f o r  tempe rate-zone 
seaweed .  Yet adeQuate t rad it iona l or  sc ient i f ical ly re l ia ble 
biotec hno l og ica l i nformat ion f rom which  to  d raw ag ronomic or management 
guidanc e  for t he Quite d i f fe rent t rop ical seaweeds and t he i r  wide ly 
vary ing t rop ical  envi ronment s i s  not ava i la ble . Fort unat e ly ,  
attainment of  t he current $8- 1 0  mi l l ion annua l wo rld export  va lue 
re turned for farming Eucheuma ha s provided some expe r ience that may be 
use fu l  in de te rmining t he causes behind t he Indones ian marke t s i tuat ion 
and o bt a ining re l ie f  f rom i t . Re l ie f  wou ld mean access to t he g rowing 
wor l d  mar ket . 

The car rageenan s t ored in  seaweed competes  with  othe r  hydrocol loid& 
on t he marke t  beyond its spec ia l va lue t o  t he dai ry indust ry .  To 
receive an accepta ble ret urn on i t a  cap i t a l  investment , no company 
produc i ng t h i s  ge l can afford t o  pay muc h mo re t han a bout $ 1 . 8 5 / kg p l u s  
shipping for car rageenan as  it  i s  rece ived in seaweed form at t he 
ext ract ion p lant . 

- 3 1 -
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In add i t ion , t he seaweed mus t  be ,  on ave rage , s tandard in bot h 
car rageenan yield  and Qua l ity . In t h i s  p resentat ion , t he s t r i king 
d i f ference between t he car rageenan& derived f rom t he two commerc ial 
spec ies of  Euc heuma known in t he t rade as "apinosum" and "cot t oni i "  is  
d i s rega rded for  t he sake of s imp l ic ity . Similarly , Qua l i ty 
standard i zat ion wi l l  be app l ied only t o  ge l st rengt h .  In rea l i ty ,  
t he re are othe r  Qua l i t ie s  t o  be cons idered , and usages of the se ge l s  
usua l ly reQ u i re t hat t hey be c hemical ly mod i f ied to f i t  t he f inal 
p roduc t ' s  reQui rement s .  

Ext rac t ing companies se l l  spec ial bl ends  of material s .  At p re sent , 
t he seaweed produced by farms in Indones ia is  o f  " l ow Qua l ity"  based on 
indexing of va lue . A f igure for indexing may be obt a ined for a g iven 
lot of  exported Eucheuma by l i near factoring ,  an examp le of whic h is  
shown i n  Ta ble  1 .  In t h i s  t a ble , five fac t ors are taken int o  account . 
The i r  a r it hmet ic p roduct mu l t ip l ied by 100 yie lds an eva l uation ( Col . 
6 )  for ext rac t ion of  a low g rade seaweed in compa r i son with  a st andard 
grade seaweed .  Whi le t he i nd i vidua l percentage va lue s  g iven in Ta ble 1 
are c harac t e r i s t ic , t hey refer  to no part icular lot or source of 
seaweed .  To make a f i na l  p roduc t o f  higher Qua l i ty ( e . g . , s tandard ge l  
st rengt h ) ,  a company would  have t o  e i t he r  blend the low-grade 
car rageenan with  s t oc k  havi ng unusua l ly high ge l st reng t h  or add more 
car rageenan. Eithe r  procedure wou ld be more cos t ly than buy ing seaweed 
with standard car rageenan in it . 

TABLE 1 The Va lue Indexes of  St andard and Low-Grade Seaweed 

Dry Ge l  Ship- Pro- Va lue 
Seaweed We ight CAY St reng t h  ping ceas ing Index 
Qua l ity ( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 ) ( 6 )  

Standard 0 . 7 0  0 . 40 1 . 00 1 . 00 1 . 00 280 

Low g rade 0 . 60 0 . 30 0 . 60 1 . 00 1 . 1 0 1 1 9  

Note : Dry we ight • rat io of  anhyd rous d ry we ight to we ight 
rec ived ; CAY = c l ean anhydrous car rageenan y ie ld .  Co l a . 
( 1 ) - ( 3 )  are standard terms to  which a cost  of proces s i ng 
fac tor ( 5 )  is  added . The va lue 1 . 00 i s  1 00 pe rcent of t he 
standard Qua l ity . 

A company us i ng Eucheuma only f rom t he p re sent Indones ian farms 
cou i d  soon be bankrupt f rom buy i ng and p roces s i ng ,  as  pe r Ta ble l ,  
ove r twice ( 280/ 1 1 9 )  as much l ow va l ue-index seaweed as a company 
using t he st anda rd Qua l ity . Thus , expand ing farm p roduct ion of 
seaweed wi th a l ow va lue index--that is , subs tandard or l ow-Qua l ity 
seaweed--wi l l  ha rd ly be encouraged by i t s  marke t . A dec i s ion t o  
ignore t h i s  s i t uat ion or  to  encou rage the fa rming without f i rst 
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det e rm ining whethe r  or not Qua l ity and y ie ld can be improved t o  
standard wou ld  prove to be akin t o  premature investment . 

Fortunat e ly ,  the farming of Eucheuma in Indones ia ha s a bright 
s ide , even t hough t he seaweed now be i ng p roduced is  low grade . The 
int roduc t ion of seaweed farming and i t a  s p read have provided a 
s ignif icant ly high-vo lume proces s  t hat is  wor king succes s fu l ly , despite 
t he pos s i ble sac r i f ice  o f  some Qua l ity and y ie ld .  Fur t he rmore , seaweed 
farmi ng has been sp read ove r a des i ra ble range of eco logical  
s i tuat ions . The se features and the part ic ipat ion of gove rnment have 
c reated an exce l lent opportuni ty to carry out an expe rimenta l p rog ram 
lead ing to cont ro l of produc t Qua l i ty and improvement of produc t va lue 
f rom indust ry ' s  point of view. With succe s s , t he market i s  certain  to 
expand des i ra bly and Quickly . 

An appropriate expe r imenta l  prog ram used for t he se pu rposes  by 
product ion engine e rs i s  known as  t he Expe r imenta l  Deve l opment of 
Proc es s ( EDOP ) .  The EDOP method is used t o  o bt a in a rat ional c hange in 
a wor king met hod t hat has been deve l oped to  ope rat iona l  success wit hout 
t he input of t he phi losophical  nicet ies  of t he sc ient if ic approac h .  It  
is a l so used i n  cases , suc h  as  t he farming of Eucheuma in Indones i a ,  
whe re management is  attempt ing to  o bt a in "cont ro l "  o f  a process  t o  
inc rease prof ita bi l ity o r e l iminate pro blema . EDOP must  be app l ied a t  
an app ropr iat e ly highe r ope rat iona l  leve l t han t hat at t he int roduct ion 
of t he p roce ss . 

The expe r iment a l  deve lopment p rog ram sugge sted be low i s  des igned t o  
cope with Indone s ia ' s spec i f ic Euc heuma seaweed i ndus t r ia l i zat ion 
pro blems , but gene r a l ly it wou ld be app ropr iate in  any othe r  count ry 
see king seaweed indust ria l i zat ion . Such a p rog ram can hard ly be 
undertaken , howeve r ,  unless  the reQu i s i te bio l ogica l , hydroc o l l oid , 
envi ronme nt a l , and stat i s t ica l techniQues a re ava i lable  and rigorous ly 
appl ied operat iona l ly .  Unfortunat e ly , i t seems at present that  t he 
approp r iate combinat ion of pe rsonne l and fac i l i t ie s  for suc h  a wide 
s c a l e  p roject  a re not ava i la ble in Southeast As i a .  Indone s ia cou ld 
we l l  deve l op suc h  a combinat ion .  

In v iew of  the bright future f o r  new seaweed p rocesses  and 
produc t s , Indone s ia ' s s ights s hou ld we l l  be set  beyond solving just  t he 
pro blems conce rned wi t h  t he cur rent opportuni t ie s  i n  Eucheuma and 
car rageenan or  Grac i l a ria a nd agar . At t he same t ime , Indones i a  cannot 
af ford to  r i s k  awa i t ing t he deve lopment of adeQuat e fac i l i t ie s  and 
pe rsonne l be fore coping w i t h  t he immediate needs for higher -Qua l ity 
fa rmed Euc heuma . To do so wou ld  r i s k  in t urn de lay ing or e l iminat ing 
Indone s ia ' s opportunity t o  take advant age of  a near ly ideal s i tuat ion 
for u s i ng Euc heuma as a st epping-at one to indust rial i zat ion of i t s  
seaweed i ndus t ry .  Whi le solving cur re nt problema is  essent ia l , in t he 
l ong run e s t a bl i s hment o f  an ongoing academic and technica l 
unive rs i ty- leve l t raining p rog ram i n  ma rine ag ronomy may be even mo re 
important . 

Indone s ia cou ld at ta in t he se  o bj ec t ive s most e f f ic ient ly by 
emp l oy i ng a c ombinat ion of foreign expe r t ise and t raining 
oppo rtuni t ie s . Such a s t ep could dea l wi t h  t he present p roblem and , at 
t he same t ime , p rovide t ra i ning so t hat Indone s ians can cope w i th 
fut ure pro blems . I t  wou ld a l s o  leave Indone s ian inst itut ions of highe r 
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learning eQuipped t o  produce future gene rat ions of  phycolog ica l 
sc ient i s t s . Such a step wou ld be des i ra ble in any geog raphic a rea . In 
Ind onesi a , howeve r ,  i t  i s  c r i t ical  to  atta ining seaweed 
indus t ria l i zat ion goa l s  t hat t he proce ss be init iated now . 

Because seaweed i s  one of  Indone s ia ' s s igni f icant read i ly 
exp l o i t a ble  but renewa ble nat iona l resources , it  is hoped t hat 
Indone s i ans wi l l  choose to  o btain  suc h fore ign a s s i stance , acQu ire t he 
appropriate laboratory fac i l it ies , c reate t he necessary j o b  pos it ions , 
and , o bt a ining the reQu i s i te pe rsonne l , provide t he inc ent ive s t hat 
wi l l  y ie ld t he des i red biotec hno l og ical  and indust ri a l  deve lopment 
goa l s . In reac hing for these goal s ,  i t  i s  recommended t hat spec i f ic 
e f fort s  be d i rec t ed t oward t he a reas of ag ronomics , genet ics , and 
ec onomic s ,  whi c h  are desc r i bed in t he f o l l owing sec t ions . 

AGRONOMIC PRACTICES 

Site P lant ing and Ha rve s t ing Rout ines 

As o bse rved on Indone s ian farms , p lant ing and harve s t i ng rout ines  
may be fau l ty in a numbe r  of  respec t s  as ide f rom me re ine f f ic iency . 
Use of t he EDOP approach s hou l d , with  t hought , resu l t  in  an imp rovement 
in  Qua l ity of  farmed Euc heuma . Thus , this wor k  i s  among t he most 
important of t he immed iate o bj ec t i ve s . 

The s t rat egy and l ogis t ic s  are rout ine . Lit t le is  reQui red beyond 
o btaining expe r t i se and a group of col laborators , suc h  as  t he farmers 
at Nusa Dua or Nusa Lembongan , and a lmos t  immed iate la borat ory 
p roce ss ing of ge l , mic ronut r ient , and envi ronmental samples . It is  
ant ic ipated t hat t he added va lue t o  be ga ined wou ld more t han of fset 
any coa t s  t o  farme rs . 

A maj or pro blem is  that t he wor k seems s o  s imp l e  t hat  the re is  
often unj us t i f ied conf idence in  a yet unp roven "in-house " capa bi l i ty .  
Pe rhaps t h i s  account s for the cur rent lac k o f  use ful  tec hnica l 
informat ion on t he farming of bot h  Euc heuma and Grac i la ria and t he 
re sult ing pro blems suc h  as t he l ow g rade of Indone s i an-farmed seaweed . 

Use of t he phrase "almost  immed iat e "  when refe rr ing to samp le and 
data ana lys i s  me re ly means ava i l a b l e  analyt ic and stat i s t ica l  services 
of  suita bly high Qua l ity . Samp les and data f rom t he f ie ld mus t  be 
g iven immed iate and re l iable  at tent ion , and Qua l i ty cont ro l  must be 
exe rc ised . This is  necessary not on ly t o  e nsure re l ia ble data ; i t  i s  
a l s o  needed t o  provide t he project ' s  interpre ters  wi t h re su l t s  Quic kly 
so that t he i r  i nt e rpretat ions can be used exped i t ious ly in dev i s ing and 
imp l ement ing c hanges or  extend ing or terminat ing the part icular  aspect 
of t he wor k  yie l d i ng t he dat a .  

As f o r  s t af f ing the EDOP fie ld and analyt ic  work  as we l l  as  t he 
ove ra l l  d i rec t ion , par t -t ime students and loca l farmers can be emp loyed 
to provide muc h of the l a bor for the expe r imentat ion . Farmers fami l iar 
with  t he EDOP approac h and an ope rat ions manage r mus t  be hi red as 
we l l .  Fie ld operat ions cos t s  wi l l  be smal l ,  but t rave l ,  communicat ion , 
samp l e -gat he ri ng , and ana lyt ic costs  wi l l  be a bout 50 pe rcent of t he 
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total budget .  The presence in  t he f i e l d  of fa�ers fami l iar  with EDOP 
and expe r ienced in expe rimental  seaweed fa�ing is essent ial and not 
cost ly . They wi l l  stay at t he fa�s t o  inspect and adj ust  t he work 
each day . The ope rat ions manage r wi l l  t rave l and wi l l  be repons i ble 
for measurement , samp l i ng ,  sample  preservat ion and de l ive ry , analyt ic 
fo l low-th rough , and record keeping , as we l l  as  the p rofe s s iona l EDOP 
des ign , projec t  d i rect ion , data interpre tat ion , l ia i son be tween t he 
fund ing source and t he p roj ec t , and accounta bi l i ty as  t he p roj ect 
d i rec t or . 

Eucheuma produc t ivity and harvest  Qua l ity are , apparent ly , 
sens i t ive to many envi ronment a l  fac t ors . The se fa l l  into fou r maj o r  
categories : l ight , tempe rature , water  Qua l ity , and wat e r  mot ion . EDOP 
e f fo r t s  to deve lop ag ronomic met hods for imp roving fa�ed seaweed 
aua l i ty may be g reat ly reduced by concent rat ing ini t ial ly on seasona l 
o r  othe r independent maj o r  va riat ions in eac h  of t hese categories . 

The nature of the bot t om  mat e r ia l s  i s  impo rtant , as  i s  t he re fore 
t he d i stance of t he t ha l l i  f rom t he bot t om. Because t he t ha l l i  a re 
a l s o  sens i t ive to  ae r i a l  exposure , t he e l eva t ion at which  they are 
p lanted with respect t o  t he mean t ida l leve l i s  important as  we l l .  

I f  the max imum s i ze t o  which t he tha l l i  a re a l l owed t o  g row before 
harve s t i ng i s  he ld constant and t he amount harve sted pe r pe r i od is  
i nc reased , t he annua l y ie ld is  dec reased . On t he ot he r hand , by 
dec reas ing t he amount harvested at each harvest  pe riod , the annua l 
y ie ld i s  inc reased . For example , i f  4 grams are ha rve s t ed f rom eve ry 
t ha l lus when i t  reac he s 512 ,  grams t he y ie l d wou ld be 1 . 38 t imes that 
o bt a ined when 256 grams a re ha rve s t ed eac h t ime . Th i s  ext reme wou ld ,  
howeve r ,  reQui re ha rve s t i ng t he t ha l l i  th ree t imes a day ! Inc rea s i ng 
the max imum t ha l lus we ight f rom 5 1 2  to 2000 g rams and harve st ing ha l f  
when t he max imum we ight i s  reac hed wou ld i nc rease the annua l y ie ld 3 . 9 1  
t imes . Numerous othe r  seeming ly sma l l mat ters  t hat  cause s igni f icant 
va riat ions in  p roduc t i v i ty have been recogni zed , but ve ry few have been 
appra ised in useful  detai l .  It  i s  not sugge s t ed , howeve r ,  that t h i s  
project unde rtake a n  encyc loped ic e f fort to d o  s o .  

A s e r i e s  of EDOP runs shou ld be made fo r eac h  maj or  farming s i te 
and wate r  Qua l ity a rea to dete �ine be t te r  combinat ions of cond i t ions 
and prac t ices t ha t  wou ld lead to  o bt a ining the des i red p roduc t 
Qua l it ies . Because t he re i s  cons ide ra ble compensat ion among t he fou r 
categories of  envi ronment al  fac tors just  l i s t ed , the phrase " be t t e r  
com binat ions " i s  used a bove . Idea l ly , such  s i tes wou ld be selec ted 
be fore t he ac tua l  fa�ing beg ins as  t h i s  wou ld p revent d isappo intment 
we re t he farming d i scont inued because cont ro l of p roduc t Qua l i ty was 
not o bt a ined . 

Hyd roc o l loid Ge l Qua l ity Cont ro l 

Di f fe rent kinds  of f i e ld t reatment s  t hat inc lude rep l icat ion shou ld  
be undertaken at d i f fe rent wat er  l eve ls  to  improve underst and ing of ge l 
Qua l i t ies and ge l s t re ngt h .  Rep l icat ion i s  necessary because Euc heuma 
i s  a la rge t ha l lus , and the tendency i s  t o  have one tha l lus pe r l eve l 
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i n  each t reatment . This i s  part icularly c rit ical as  genet ical ly 
ident ical  c lones a re not always emp l oyed . 

The ge l toughne ss  of Euc heuma t ha l l i  can be l i kened somewhat to 
young and old  carrot s . The ge l s  f rom young tha l lus part s t hat a re 
g rowing rapidly are low i n  ge l s t reng t h  and d i f fer  i n  othe r  
c ha rac t e r i s t ics  f rom what i s  found in old  or  s low-growing part s . Thus , 
it i s  not surp r i s i ng t hat in some cases t he harvest ing of o l d  bases 
rat he r  t han young t ips  provides bet te r  ge l Qua l it ies by at  lea s t  10 
pe rcent . It i s  not Quite that s imp l e , howeve r .  The ro le of car rageenan 
p recursors and t he i r  e n zymat ic cont rol a re Quite pos s i bly invo l ved , 
espec ial ly in re lat ion t o  the ro le o f  sul fate rad ica l s .  

For Euc heuma it i s  gene ra l ly be l ieved t ha t  t he re i s  a corre lat ion 
be tween high g rowt h rate and low ge l s t rength . Thi s  shou ld be t reated 
as  an hypot he s i s  for te st ing in  t he p roject  desc r i bed he re . In t he 
d iscus s ion of st ra in se iect ion in t he fo l l owing sect ion , t he 
d i sappea rance of  what we re t hought t o  be st ra ins having highe r growt h 
rates i s  said to  be pos s i bly re lated to  d i f fe rences  in  water  aua l i ty at 
d i f fe rent s ites . This  exp lanat ion wou ld not be app l ica ble he re , 
howeve r ,  s ince high growt h rates and l ow ge l va lues  have been noted for 
t he two yea rs  t hat farming has been under  way . 

Ne i s hi zing to  Produc e More Nearly St andard Euc heuma 

Ne i shi zi ng i s  a process  in whic h t ha l l i  are phys iologica l ly a l te red 
by growing them in bright l ight in water  l ow in i norganic nut rient s . 
O r igina l ly app l ied to Chond rus , t hi s  p rocess has not been app l ied to 
Euc heuma , but i t  i s  we l l  wor t h  t ry i ng .  It  s hould  re su l t  in  
s igni f icant ly inc reased ge l st re ngth and yield  at  t he expense of  
g rowt h ,  and t hus t he produc t ion of  s igni f icant ly improved seaweed . 

The pos s i ble  va lue of  t h i s  proce ss as a post harve s t  t reatment needs 
t o  be exp lored wit h  re spect  to  its e f fec t s  on Euc heuma and t he cost s of 
o bt a ining t hem. A re lat i ve ly short-term expe r imental series wou ld 
p roduc e t he materia l s  for l a borat ory test ing ,  and a cost analys i s  wou ld 
prov ide t he necessary manageme nt informat ion . 

Fe rt i l i zat ion and Ion Balance 

Fe rt i l i zat ion and ion ba l ance phenomena a re ant ic ipated , but ve ry 
l it t l e  expe r imentat ion on t h i s  has been done to dat e .  It  wi l l  be 
nec essary to de te rmine t he leve l s  of va rious ind ividua l inorganic 
nut r ient s and the ba lances  between them . Both  have been found to be 
important in  t e r res t ria l  fie ld and vegeta ble c rop p roduc t ion . 

The e f fec t s  o f  growt h fac tors and inhi bitors are unknown . 
App l icat ion of  seve ra l of t hem may have t he ef fec t of s lowing Eucheuma 
growt h in  t he f ie ld or  i nc re a s i ng seaweed Qua l i ty .  As in  a l l ag ronomic 
wor k ,  t he cos t s  and returns of whateve r ef fec ts  are o btained f rom such 
expe r iment at ion mus t  be appra i sed . 
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Pos t harve s t  Tec hn iQue s  

I n  add i t ion to  Ne i s hi zing ,  the othe r pos t harve s t  techniQue s s hould  
be inve s t igated ; t hey a re idea l for t he EDOP met hodol ogy . Suc h an 
invest igat ion might we l l  inc lude t he int roduc t ion of prac t ices  to ha l t  
t he appa rent depo lymerase or  ac id hyd ro lyt ic ac t ions t hat  lead to lowe r 
ge i aua l i ty . Prac t ices t hat remove 6-sul fate f rom the ga lactose 
moiet ies and induce anhyd ro-l inkages cou l d  be expected to  imp rove ge l 
Qua l ity . Treat ing harve s t ed Eucheuma with  toxic material s t hat 
evaporat e  o r  degrade Quickly in a i r or  seawater could  reduce 
mic ro bi o l og ical  degradat ion . 

A brief ext ract ion at a high pH leve l i s  one way to o bt a in added 
va lue f rom poor Eucheuma when high ge l st rength is des i ra ble in i t s  
hydroc o l l oid . Dus t ing wi t h  calc ium hyd roxide might ra ise  the p H  enough 
to remove s igni f icant su l fate . 

GENETICS AND GENETIC BIOTECHNOLOGY 

Local  and Imported Spec ies Compa risons 

Ava i la ble  noncommerc ial  s pec ies havi ng des i ra ble hyd roc o l l o id& 
shou ld be compa red with  t hose now be i ng p roduced . Indust ry has 
t rad 1 t iona l ly used two spec ie s f rom Indone s ia and e lsewhe re 1n 
Sout hea s t  As ia : Eucheuma dent icu l atum and E .  a l va re zi i ,  p r i zed , 
respec t ive ly , for the i r  iota- and kappa-carrageenan& . Trad i t ional ly , 
the t rade has  des ignated Eucheuma t hat p roduces iota-car rageenan as  
"spinosum" and Eucheuma t ha t  p roduce s  kappa-car rageenan as "cottoni i . " 
It i s  i ncor rect to use t he t rade names as binomia l  sc ient i f ic names . 
For example  Eucheuma cot t oni i i s  a Q u i te d i f fe rent spec ies which  ha s 
never been farmed comme rc ia l ly and i s  not norma l ly seen i n  comme rc ia l  
shipment s .  The d i f ferences  be tween the sc ient i f ic names for the se 
seaweeds and t rade names causes no t rou ble i f  t he gene ric name i s  not 
as soc iated with  t he latter  as a binomial . 

A numbe r of iota- and kappa-car rageenan-p roduc ing spec ies o f  
Euc heuma a re not be ing farmed at p re sent . Some of the se are ava i la ble 
in t he Lombok and Ba l i  s t ra i t s . These spec ies s hould be compa red as  to  
t he s u i t a bi l ity of  the i r  ge l s  for t he ma r ke t  and to the i r  s u i t a bi l ity 
for fa rming . The e f fec t s  of t he present and othe r  ag ronomic p rac t ices 
on the i r  ge l c ontent and Qua l i ty s hould a l so be appra ised . The se 
compa r i s ons , a l t hough important u l t imate ly , can be unde rtaken whi l e  
g rowth i s  taking p l ace i n  expe riment s t hat a r e  more immed iate ly 
c rit ica l . 

Se lec t ion o f  St ra ins o f  Pre sent Spec ie s  Us ing EDOP Me thods 

The re lat ive de s i ra bi l ity of t he sp inosum and cottoni i s t ra ins 
pre sent ly found in Indone s ia for Indones ian farming cond it ions shou ld 
be dete rmined us i ng EDOP p rocedure s . Thi s i s  an idea l p roj ect for  
par t ic ipat ion by oute r i s land ins t itut ions o r  s t udent -t ra inee s , 
a l t hough cent ra l i zed , Qua L i f ied d i rec t ion s hou l d  be ma intained . 
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Apparent ly , the ini t ia l  seed s t ock  of  t he spinosum and cott oni i now 
be i ng farmed in t he Lombok and Ba l i  st ra i t s  a reas was selected in t he 
Phi l ippines  and brought to Indone s i a  a bout two years ago . The 
Indone s ian st rains of t he same spec ies have p rovided this  count ry with  
expo r t s  f rom i t a  wi ld  c rops for at least  a century . In gene ra l , this  
p roduc t ion has been of good Qua l ity except for p ro blems unre lated to 
t he genomes invo lved . Thus , t he test ing of  Indones ian s t ra ins us ing 
EDOP p rocedu res cou ld re su l t  in l ocal stocks t hat p roduce 
be t t e r-Qua l ity ge l under  Indones ian farming cond it ions . Thi s  ent a i l s  
caut ion , howeve r .  The a reas now be i ng farmed may not have been known 
p reviou s ly as  s igni f icant Euc heuma-produc ing areas . 

The s t ra ins i solat ed and touted by loca l farmers usua l ly p rove to 
be e i t he r  a c o l or va riat ion or  fast growing and a re soon determined not 
to be be t t e r  t han t he standard st oc k .  The color va riations a re most 
of ten o l ivaceous brown , green , o r  p ink , and they appear to  be 
genet ica l ly sta ble . Al t hough t he re i s  no expe r imental  evidence t o  
support t he idea , they are gene ra l ly thought to fo l l ow the same gene t ic 
cont rol a s  color va riat ions in ot he r  red a lgae gene ra suc h  as  Chond rus , 
Laurenc ia , and Grac i la r i a . 

Fas t -growing s t ra ins a re usua l ly d iscove red when wi ld seed s t oc k  i s  
brought f rom s i tes  remote f rom t he farm whe re t he i r  fast g rowt h was 
noted . Wi th  few except ions , howeve r ,  t he i r  growth rates  ( o r  othe r  
pecu l i a r i t ie s )  dwind le to those o f  t he apinosum o r  cot toni i a l ready 
growing on t he fa rm ,  and nothing more i s  heard of them. It  i s  as  
t hough t hey had accumu lated at t he i r  orig i na l  s ite a l l t he es sent ia l 
mat e r ia l s  but one . Pe rhap s t he lacking ing red ient was an essent ial 
growt h fac tor  or  a mine ra l  nut rient which ,  whi le scarce at t he o ld 
s i te , i s  pre sent in a bundance at t he new s ite . The new s i te , howeve r ,  
may be defic ient i n  yet anothe r e ssent ial  substance . Thus , a new 
s t rain  at a new s ite  has a surplus  of some material  t hat was in 
a bundance at i t s  o r igina l  s ite but whic h is in short supply at t he new 
s i te .  I t  wi l l  t he re fore g row spec t ac u l a r ly at t he new s i te fo r t he 
f i rst  few wee ks , after  whic h i t  wi l l  grow at t he same rate as  t he 
s t ra ins present ear l ie r .  

The fa st  growt h rates  i n  t he Lombok and Bal i  st ra i t s  are not 
t hought to re su l t  f rom t he " fa st g rower"  phenomenon just de sc r i bed ,  
s ince the se rates have been susta ined for a bout two years . 

Ot he r  Gene ra and Othe r  Ge l s  

I t  i s  highly recommended t ha t  Grac i la ri a  spec ie s or  s t ra ins be 
sought and int roduced . Indone s i a  can t hen enter  t he i nterna t i ona l 
market and se l l  agar-p roduc ing seaweeds of  Qua l i t ie s  t hat are in short 
supp ly . To attempt to enter t he market  and s e l l food-g rade agar wou ld 
be akin to ent er ing a satura t ed mar ke t . A searc h for s ugar-react ive 
aga rs  i s  part icula r ly recommended . 
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Spore Se lect ion Met hods 

Spore select ion met hods have never been stud ied serious ly o r 
deve loped for e i the r  Eucheuma or Grac i la ria . In fac t , spore g rowt h has 
not been studied beyond t he stages of re lease , set t i ng ,  and the f i rst 
beginnings of d isc-l i ke format ion . A g reat dea l  more i s  known a bout 
Grac i l a ria as  it is common i n  tempe rate wa te rs . It grows we l l  in 
l ow-water  mot ion cond it ions , and , be ing sma l l ,  t he out p l anted mat e r ia l  
i s  muc h more apt t o  "se t"  art i ficial ly o n  l i ne s  or  g rave L 

Adu l t  Eucheuma can be t rans p lant ed wide ly with , at least  in the 
case of cottoni i ,  l it t le morta l i ty . For Grac i l a ria , t h i s  does not seem 
to be t he case ; adu l t  t rans p l ant s of ten d ie .  Al t hough a lmost  a l l  
v ia ble spo res  o bse rved in a lot may sett le and p roduce peg- l i ke  upwa rd 
g rowt hs that seem vigorous and pers ist  we l l  in t he f ie l d ,  the peg- l i ke 
stages a re dormant in moat case s . Some dormant stages have been 
o bse rved to  remain hea l t hy for ove r a year when outplanted to  a s i te 
othe r t han t hat f rom whic h t he spore mot he r  t ha l l i  came . When t he re i s  
success , i t  i s  l ike ly t o  a f fec t only a few spore l inga . The se few s hoot 
up , a s sume the mature form for the spec ies  in t hat ha bitat , and become 
fert i l e . At p re sent , t h i s  phenomenon i s  int e rp re ted as  being 
att r i butable t o  genet ic va ria bi l i ty in t he spore s , wi t h  only some 
genomea suita ble for t he new outplant ing s i tes . 

It i s  suggested t hat this  app roac h ( th rough t he spo re s ) to o btain  
new s t ra ins could  be va lua ble and s hou ld be undertaken immed iate ly , but 
on  a second-p riority bas i s . 

Breed ing New Gene t ic Combinat ions 

The breed ing of new genet ic combinat ions , as c a r r ied out ve ry 
succ e s s f u l ly in Grac i la r i a , s hou ld be int roduced 1nt o Euc heuma 
biotechno l ogy . S imp ly stated , nonfe r t i l e  t ips of fema le t ha l l i  a re 
g rown isolated f rom othe r t ha l l i  unt i l  one i s  c onvinced t hat  no 
fe rt i l i zed ca rpogonium ( f� rt i l i zed fema l e  gamete ) is p re sent . 
Suspec ted ma l e  t ha l l i  a re l i kewi se cu l t ivated separate ly .  ( One might 
we l l  c u l t i vate t he ma le and fema le t ha l L 1  f rom t he Euc heuma c o l o r  
varie t ie s  ment ioned a bove to e s t a bl i s h  the rout ine s . ) A c ro s s  i s  made by me re ly t rans fe r r ing spe rmatium- bearing wat e r  f rom t he cu l ture of t he 
se lected ma l e  t ha l lus  to  t he water  of  the se lected fema l e  tha l lus , and 
ag itat ing t he l a t te r .  I f  via ble spe rmat ia a re t hen i n  t he water  and 
t he female  t ha L L u s  i s  fe rt i l e , t he d ip l oid spo re-p roduc ing st ruc ture s , 
the cystocarpa , s hou ld begin to appe a r  in a few days on t he fema le 
t ha l Lus . The spore s f rom any one suc h cystocarp are t heore t ical ly a l l 
gene t ica l ly ident ica l and d ip l o i d .  Potent ia l ly ,  t he se d ip l oid spore s  
wou ld eac h repre sent t he f i rst  ce l l  in t he d ip l oid pa rt  of the l i fe 
cyc l e , t he gamete-p roduc ing ma le  and fema le t ha l l i  be ing hap l oid . The 
d i p l oid t ha l l i  p roduce a g reat many spore mot he r ce l l s ,  eac h of whic h ,  
accompanied by meiot ic mitos i s , p roduces four hap loid spores whic h wi l l  
d i f f e r  gene t ic a L ly .  Theore t ical ly , random segregat ion c ou l d  mean t hat  
eac h of t he my riad of tet raspore s p roduced i s  genet ica L ly d i s t inc t .  
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Thus , even t hough t hey have t he a bi l i ty t o  grow t ha l l i  s uf f ic ient ly 
t a l l  to prot rude t hrough t he boundary l ayer s  cove ring t he subst ratum to  
which  t hey have at tac hed , only t he few  t e t raaporea t hat  event ua l ly 
produce mature sexua l t ha l l i  a re gene t ical ly suited to  t he new 
envi ronment . In t h i s  way , for a g iven envi ronment a new s t ra in wi l l  
have been c reated by genet ic manipu lat ion--a demonst rat ion of t he 
survival of the f i t test . 

Gene t ic Biotechno l ogica l Engineering 

A capa bi l i ty i n  gene t ic biotechno l ogical  enginee ring i s  an 
important o bj ec t ive for Indone s ia ' s u l t imat e  comme rc ial algae 
deve lopment . Thi s  o bject ive wou l d , init ial ly , entail  seeking cont ro l 
of  the l ife cyc le of a s  many organi sms as  feas i bl e  t hrough expe r iments 
suc h as t he one desc ri bed a bove . Su bseQuent ly , work wou ld be 
undertaken on f reeing cytoplaata  f rom t he i r  ce l l  wa l l a , something 
l it t le done with  red algae to dat e .  Fus ions of hap loid cytop laat a 
( ar t i f ic ia l  fert i l i zat ion) or "renuc l eat ion" of  enuc leated cy toplaata  
might be t he f i rst  advanced cytoenginee ring techniQues t o  be 
deve loped . Use of  these techniQue s  would depend on demand at  t he t ime 
t hey become avai lable . 

If  such techniQue s  we re ava i la bl e  now , gene t ic manipu lat ion t o  
o btain low-su l fate and sugar-reac t ive agars wou ld be appropriate 
subj ec t s  as  we l l  a s  produc t ion of  seaweed with des i ra ble  farming 
Qua l it ie s  for eac h of t he carrageenan& . ( Please not e  t hat it  is  
suspec t ed t hat some of the iota-produc ing Euc heuma s pec ie s which are 
not now farmed may be des i ra ble genet ical ly for t he i r  ext rac t a bi l i ty 
and iota-car rageenan Qua l i ty .  They may be d i f f icu l t  to farm ,  howeve r ,  
a s  t hey reQui re high-ene rgy envi ronment s  o r  deep wate r . ) Gene t ica l ly 
enginee red hy brids may be pos s i ble  whe re c onvent iona l hy brid i zat ion 
p roves impos s i ble . 

The ini t ial steps  desc ri bed a bove might we l l  be implement ed soon . 
They reQu i re esta bl ishment of  a a ho rea ide la bo ratory with  unl imit ed 
acce s s  to  "good" seawater in which  both Eucheuma and Grac i la ria g row 
we l l .  Thi s  l a bo ratory s hou l d  be des igned t o encourage t he sc ient i f ic 
p roduc t ivi ty o f  pe rhaps t h ree profe s s i ona l s  whose re su l t s  would cover 
othe r  t han t he seaweed now ava i l a bl e  comme rc ia l ly .  For examp l e , work 
i s  needed on t he d rug-produc ing seaweeds found in Indonesia  such a s  
Chond ria and ita re lative s . 

The reQu i rement for l a rge Quant it ies of  seawater and acces s  t o  wi ld 
s t oc ks of seaweed d ictate a a horea ide s it e  for this  wor k .  Convenience 
to c i t ies and to areas with s igni ficant runo f f  f rom agricu l tura l 
deve l opments wi l l  resul t  in us ing water  t hat i s  ra re ly of suita ble 
Qua l i ty .  
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Personne l 

The a bove desc ript ions of  s ix topics sugges ted for biotechno logica l 
research a lmost  tota l ly lac k ment ion of Indones ian personne l . Once 
fac i l i t ies  a re establ i shed , howeve r ,  opportuni t ie s  and par t -t ime wor k  
i n  deve l oping a methodo l ogy would ut i l i ze  student s . Those who exce l l  
wi l l  be ideal cand idates for advanced t ra ining .  

The init ia l fac i l it ie s  c ou l d  be re lat ive ly c rude when unde rtaking 
the f i rs t  s t eps  i n  gene eng inee r ing a s  we l l  as  the biotechno l og ical  
work on  o bt a ining cont rol of  t he l ife cyc les  of  the organisms . These 
s t eps  could  commence soon , with t he f ina l genet ic eng inee r ing 
act ivit ies be ing unde rtaken after  e s t a bl ishment of app rop riate ly 
eQuipped fac i l i t ies . 

ECONOMIC PRACTICES TO ENCOURAGE BETTER-QUALITY FARMED SEAWEED 

Alt hough economic prac t ices  to encourage be t te r-Qua l i ty farmed 
seaweed are favored by indus t ry ,  compe t i t ion usua l ly re s u l t s  in 
1 r regu l a r  to formless  execut ion of  any uni fo rm po l icy . Consol ida t o r /  
exporter  prac t ices , such a s  those ind icated be low , could  be keys t o  
o bt a ining be t te r-Qua l ity seaweed . 

Bonuses or  highe r  prices  paid  by indust ry for va lue-added or 
highe r-Qua l ity seaweed wou ld provide farme rs and consol idators with  t he 
i ncent ive t o  adopt the farming of d i f ferent seaweeds o r  ag ronomic 
p rac t ices  re su l t ing f rom t he EDOP expe r imentat ion sugges ted a bove . 
The re a re problems , howeve r ,  wi th determining seaweed Qua l i ty at the 
t ime of  s h ipping and paying by letters  of c red i t . Pe rhaps pa r t i a l  
payment cou ld be received when the seaweed i s  s hipped ( le t t e r of  
c red i t ) and fina l  payment received after  rece ipt and assay of the 
produc t at the company ' s  ext rac t ion p lant ( s ight d raf t ) . 

Conso l idators /exporters  c ou ld l i kewi se  pay highe r  p r ices for bet t e r  
mat e r ia l . Aga in , the p ro bl em of  o bj ec t ive ly det e rmining t he Qua l ity of 
the seaweed at the t ime of purchase ma kes t hi s  d i f f icu l t . Any des i red 
post harve s t  t reatment of this  p roduc t can , as a ru le , be read i ly 
dete rmined by ,  for  examp l e , i t s  c o l o r , fee l , and gene ra l appearance . 

On-s i t e  post -purchase t reatment could  a l so re sult  in better-Qua l i ty 
seaweed . Af t e r  seaweed i s  purchased f rom farme rs it  cou l d  be t reated 
on p l at forms or  on barges p rov ided for t he purpose at buy ing stat ions 
in t he farm a reas . Such p rac t ices have been implemented succes s fu l ly 
at a few l ocat ions in t he Phi l ippine s , whe re indust ry ha s e s t a bl i s hed 
buy i ng stat ions in t he f ie ld witn l a rge p lat fo rms for washing , 
t reat ing , and d ry1ng t he seaweed after  i t s  purcha se .  

Invest igat ion of better  d rying prac t ices wou ld , l i kewi se , re su lt  in 
be t t e r-Qua l ity seaweed . Dry ing seaweed d i rect ly on sand or d i rt means 
add i ng t rash  ( and we ight ) which reduces  the pe rcentage y ie ld .  S low 
d ry ing or washing by ra in ( o r othe rw i se ) can reduce the Qua l i ty .  

Conso l idators , and late r t he p roces s i ng indust ry ,  cou ld enforce 
s tandards for d ryne s s  and t ra s h .  Euc heuma standards usua l ly ca l l  fo r 
no mo re t han 30 pe rcent wate r and 5 percent t ra s h .  For Grac i laria , t he 
d ryne s s  s t andard i s  usua l ly no more than 1 8  pe rcent wat e r  and 5 pe rcent 
t ras h . 
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Basa l d iameter  s t andards reQui r ing that a s tat ed pe rcentage of t he 
t ha l l i  have basal  d iame t e rs o f  ove r a given s i ze when o f fe red for sale  
cou ld be set  i f  the EDOP s t udy s hows t hat t hey wou l d  re sul t  in highe r  
ge l s t reng t h  i n  t he seaweed s hipped . To ensure conso l idator comp l iance 
wi th  s t andards othe r  t han wat e r  and t rash , indus t ry cou ld buy s t andard 
Euc heuma at a base price and gua rantee a bonus based on y ie ld and 
Qua l i ty .  The base price would necessari ly be be low t he pre sent world 
p r ice . The bonuse s  paid wou l d  be dete rmined by sample ana lys i s , 
pe r haps only after  t he seaweed has reac hed t he ext rac t ion p l ant 
wa rehouse s . 

Ensuring a fa i r  pa rt i t ioning of the export  price could  cont r i bute 
to t he p roduc t ion of be t t e r-Qua l i ty seaweed . The ext rac t ing indus t ry 
cou ld maint a i n  a s ke leton buy ing organi zat ion in eac h  farm area and pay 
a support price  of , say , 70  pe rcent of t he export p rice for t he des i red 
Qua l ity of seaweed . The se support p rices  wou ld  be posted in t he f ie ld 
and t he company buye rs r igo rous ly po l iced . Pay i ng conso l idators t he 
bonus desc r i bed a bove wou ld enc ou rage them t o  t reat seaweed in such a 
way that va lue wou l d  be added . 

CONCLUS IONS 

W i t h  execut ion of t he a bove sugge s t ions t he Qua l i ty o f  
Indone s ian-farmed Euc heuma could  be inc reased f rom l ow t o  s t andard . A 
muc h Large r market  for a highe r  g rade of seaweed can be expect ed .  The 
highe r annua l do l la r  re turns wou ld pro ba bly be cons idera bly in excess  
of t he tota l cost  of t he EDOP p rog ram reQui red to deve l op and int roduce 
t he neces sary ag ronomic methods . 

The p rox imity of  the export ing port of Sura buya t o  seaweed farming 
means t hat a midd l eman f i rs t  purc hase r can eas i ly de l ive r  t he p roduc t 
t o  rep re sentat ive s of the ext rac t ing companie s .  They wou ld t he n  export 
t he p roduc t and at t he same t ime cont rol or adjust  t he Qua l ity of t he 
seaweed s hipped . If  a l oc a l  exporter  i s  not reQu i red , only one 
midd leman leve l need exi s t  and as  muc h as 7 5  pe rcent of t he export  
value c ould  go t o  the farmers at f i rs t  sale . To t he few t housand 
fa rme rs invo l ved , t he soc i oeconomic bene f i t s  wou ld be immense . In t he 
t rad i t lona l s i tuat ion t he p roducers  of ten receive 1 0-40 pe rcent of the 
export va lue at f i rst  s a le leaving many farme rs near  t he pove rty l eve l . 

Farmers contentment with  t he re turns of  farming s hou ld int roduce a 
pos i t i ve s t a bi l i ty fac t o r  i nt o  t he raw mate rial  supp ly . This  in  turn 
woul d  auge r we l l  for a succes s fu l  nat ional  ext rac t ion indus t ry .  Thus , 
Euc heuma farming i s  a rare opportun i ty for t he gove rnment t o  fac i l itate 
a break with  t rad i t ion by favora ble support , regu lat ion , taxe s , and 
othe r ac t ions , t he re by promot i ng bot h  s ignif icant soc ioeconomic 
advancement and s t a bi l i ty i n  t he raw material  base for t he ant ic ipated 
i ndu s t ria l i zat ion to  fo l l ow .  

In a l i  the p ro j ec t s  rec ommended t he costa  and re turns i n  t e rms of 
soc ioeconomic va l ue and indust ria l p rof ita bi l ity s hou l d  be app ra i sed . 
The ava i la bi l � ty of  t h i s  informat ion c ou ld p rovide encouragement for 
i ndus t r ia l i zat ion . Imp lement a t i on of t he mo re e lementary of  t he 
rec ommended p roj ec t s  i s  an  opportuni ty t o  p lan and ini t iate t he 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Marine Algae Biotechnology:  Summary Report, Jakarta, Indonesia, December 11-13, 1985
http://www.nap.edu/catalog.php?record_id=19226

http://www.nap.edu/catalog.php?record_id=19226


- 43 -

deve l opment of pe rsonne l and fac i l it ies  a l so needed by othe r  indust ries 
based on seaweed and va rious other renewa ble marine resources . 

The approach recommended of ut i l i zing expert i se f rom a broad in a 
combinat ion work/t raining proj ect assoc iated with  an Indones ian 
unive rs ity , p re fe ra bly located in  a seaweed-produc ing a rea , cou l d  be 
t he most economic l ly way of Quickly o btaining t he higher-g rade export 
seaweed des i red . Thi s  same approach cou ld , a s  we l l , provide Indones ia 
with t ra ining pe rsonne l and inst itut ions eQuipped to  cope with  t he 
pe rsonne l needs  and biotechno log ica l pro blems of  seaweed 
indust ria l i zat ion in t he futu re . 
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SCREENING SPECIES OF BROWN AND RED ALGAE 
COLLECTED FROM THE COAST OF SPERMONDE FOR ACTIVE SUBSTANCES 

Tj odi Ha l" l im 
Lec ture r ,  Facul ty of  Mathemat ics and Phys ical Sc ienc e s  

Univers ity of  Hasanudd in 

INTRODUCTION 

Some natura l re sources have long been a c heap source of raw 
materia l s  for t he manufac ture of drugs , dyes , food add i t ive s , and othe r  
items . In t he tempe rate and subt ropica l count ries , ac t ive su bs tances 
have been found in var i ous kinds  of  marine a lgae , and seve ra l  have been 
produced comme rc ia l ly .  It is  hoped that t hi s  p roduc t ion wi l l  a l so take 
place  in Indones ia , given i t s  c l imate and env i ronment . Thus far , no 
marine c hemica l indust ry exi s t s  in Indone s ia , and l it t le informat ion on 
t he c hemica l  cons t ituent s of  ma rine a lgae g rown in  Indones ia ha s been 
pu bl i s hed . Fo r t hi s  reason , a se ries of studies on this  top ic has been 
init iated , and seve ra l spec ies of  ma rine a lgae f rom t he coastal  area of 
Spe rmonde a re being sc reened for ac t i ve su bstance s .  

MATERIALS AND METHODS 

The a lgae studied we re col lec ted a long t he coasts  of 1 0  i s l ands o f  
Spe rmonde f rom a depth of be tween 1 and 5 meters . Co l lec t ion t ook 
p lace f rom Ju ly to Septembe r 1 9 84 .  

The f resh  a lgae we re wa shed thoroughly wi th tap water  seve ra l t ime s 
to remove some of t he sa l t  and ep iphytes , and t hen d ried in an oven at 
60-70° C .  The water  content of the d ried samp l e  had to be lowe r t han 5 
pe rcent . The sample  was t hen g round to a fine powde r at a bout 1 00 mes h .  

A sc reening procedu re c ons i s t ing of  stepwise  hot ext rac t ion o f  
d r ied t i s sue us ing a Soxh let ext rac tor has been deve l oped . During t he 
f i rst  s tep of  the p rocedure , the sample  was cont inuously  extrac ted 
u s i ng a re lat ive ly nonpo lar  sol vent , and in the second s tep t he 
res idua l  t is sue was ext rac ted us ing a more po lar s o l vent . The f i rst  
ext rac t contained l ipid s , f ree s t e roid s , c o l o r  su bstance s , and ot he r  
soluble  c omponent s .  The second ext rac t contained carboxy l ic and 
su l fated car bohydrates ,  a lcoho l s , g lycos ide & , and othe r  soluble 
component s .  

Qua l i tat ive ana lyses o f  the s t e ro id content we re car ried out on t he 
c rude ext rac t , t he hyd ro lysate , and t he c ry s ta l l i zat ion p roduc ts  � 
means of  thin-laye r c hromatog raphy and color  reac t ion . The tot a l  

- 4 5  -
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ste roid content of the p lant s was e s t imated u s i ng  t he unsapori f ia ble  
f rac t ion of t he tota l c rude ext rac t and a spec t rophot omet r ic method 
based on t he Lie be rmann-Burchard reac t ion . Free and ester  s t eroids 
we re separated from t he c rude ext rac t by means of  s i l ica  ge l c o lumn 
chromat ography . 

Car boxy l ic and su l fated car bohydrates were separated f rom t he 
second ext rac t by addi ng sod ium hyd roxide or sod ium car bonate 
solut ions . The two component s c ry s t a l l i se after  be ing cool ed for four 
hours .  The c ry s t a l s  we re f i l t e red and was hed with  a lcoho l , and t hen 
d i s s o l ved in a sod ium carbonate so lut ion . The c lear so lut ion was 
subjected t o  column ch romatog raphy to  separate t he carboxy l ic and 
sul fated carbohydrates . 

Agar  component s we re p rec ipitated by add ing 2N HCL to the f i l t rate 
of t he second ext rac t ion . Aft e r  was hing t he prec ipitate , i t  was d ried 
and we ighed as  agar . Alcoho l ic subs t ances remaining in t he solut ion 
we re ana ly zed by means of acety lat ion and c rysta l l i zat ion and we ighed.  

RESULTS 

Al l of t he a lgae studied contained f ree , e s te r ,  and g lycos idic 
s t ero ids , but t he Quant ity varied ac cord ing to  spec ies and the locat ion 
of t he sample  col lected ( see Ta bles 1 -3 ) . Four spec ies had ste roid 
content s t hat ranged f rom 0 . 1 t o  0 . 7 percent . Glycos idic st eroids were 
found in s ix spec ies in Quant it ies  ranging f rom 0 . 01  to 0 . 1 pe rcent . 
Thus far , the highe s t  ester  stero id cont ent found is a bout 0 . 09 percent . 

Only two spec ies of the a lgae studied had a suf f icent ly high y i e ld 
and v i scos i ty in sod ium sa l t s  of car boxy l ic car bohydrate . The ave rage 
content of carboxy l ic carbohyd rate was highe r in red a lgae t han in 
brown a lgae . Sod ium salt of sul fated carbohydrate was found in a l l  red 
a l gae s t ud ied . Two spec ies  contained sodium sa l t  of su l fated 
carbohydrate in Quant it ies g reat e r  than 30 percent ( based on dried 
plant s ) . Brown a lgae contained a re lat ive ly sma l l  amount of t hese 
sal t s . A high y ie ld ( 1 0-40 pe rcent ) of  agar was found in a l l  red a lgae 
s t ud ied , but only a sma l l  amount was found in brown a lgae . Alcoho l ic 
component s or  the i r  acet ic de rivat ive s  ( less  t han 0 . 1 percent ) were 
a l so found in t he brown a lgae . 
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TABLE 1 Resu l t s  of  Ana lyses o f  Algae Spec ies Col lected i n  t he Lae-Lae 
and Guaung Is lands 

Car boxy l ic Su l . 
Stero ids ( % )  Car bohldrate Car bo-

Via . hydrate  Aga r Ale . 
Spec ies Free Eater  · Gly . Yl d . ( % )  ( Cpa . ) ( % )  ( % )  ( % )  

1 0 . 7 0 . 08 0 . 03 27  2 , 5 1 0  3 10  0 . 1 0  
2 0 . 8 0 . 09 0 . 07 29 2 , 5 1 6  l 3 0 . 08 
3 0 . 3  0 . 07 0 . 05 20 760 2 l 0 . 07 
4 0 . 1 0 . 0 3 0 . 02 1 5  600 3 2 0 . 06 
5 0 . 7 0 . 07 0 . 06 4 380 32 1 5  0 . 03 
6 0 . 6  0 . 06 0 . 06 4 1 50 3 5  2 7  0 . 02 
7 0 . 6  0 . 05 0 . 06 7 200 25 2 5  0 . 02 
8 0 . 5 0 . 04 0 . 06 6 1 7 5 20 30 0 . 0 1 9 0 . 2 0 . 02 0 . 02 5 200 1 5  1 2  0 . 01  

1 0  0 . 1 0 . 05 0 . 03 3 300 1 0  1 2  0 . 0 1 

l .  Sargaaaum a i i iQuoajum 6 .  G .  euc heumoidea 
2 .  Sargauum app . 7 .  Euc heuma app . 
3 .  Tur binaria  app . 8 .  Ge l id ium app . 
4 .  Pad i na app . 9 .  Acant hophora apec i fera 
5 .  Grac i laria  c raaa 1 0 .  Ga l auxaura &Qua l ide --

TABLE 2 Resu l ts of  Ana lyses o f  Algae Spec ies Co l lected in t he Sama lona 
Is l ands 

Car boxy l ic Su l .  
Stero ids ( % ) Car bohldrate Car bo-

Via . hydrate  Agar  Ale . 
Spec ies  Free Ester  Gly . Yld . ( % ) ( Cpa . ) ( % )  ( % ) ( % )  

1 0 . 6  0 . 05 30 1 , 670  5 4 
2 0 . 7 0 . 06 29  2 , 050 3 5 
3 0 . 4  0 . 04 0 . 02 1 5  1 , 000 4 3 
4 0 . 3 0 . 02 0 . 02 2 2  600 1 1 0 . 03 
5 0 . 4  0 . 03 0 . 03 3 550 33 20 0 . 02 
6 0 . 5 0 . 02 0 . 05 4 300 40 30 0 . 02 
7 0 . 7 0 . 07 0 . 02 4 200 2 7  30 0 . 02 
8 0 . 6 0 . 04 0 . 02 7 1 7 5 2 5  2 7  0 . 03 9 0 . 1 0 . 05 0 . 03 5 1 50 20 1 5  0 . 02 

1 0  0 . 1 0 . 05 0 . 04 4 2 50 1 1  1 3  
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TABLE 3 Resu l t s  of Ana lyaea of  Algae Spec ies Col lected on Kodemgareng 
Keke le land 

Car boxy l ic Sul . 
Stero ids ( % )  Car boh;r:drate Car bo-

via .  hydrate Agar Ale . 
Spec ies Free Eater  G1y . Yld . ( % ) ( Cps . ) ( % )  ( % )  ( % )  

1 0 . 8 0 . 02 35  1 , 750 3 4 0 . 02 
2 0 . 6 0 . 02 0 . 02 2 5  1 , 500 3 3 
3 0 . 7 0 . 03 0 . 05 20 900 4 2 0 . 03 
4 0 . 3 0 . 01 0 . 02  l l  750 3 3 0 . 02 
5 0 . 6 0 . 02 0 . 01 6 700 37 22 0 . 02 
6 0 . 6  0 . 03 5 500 32  32  
7 0 . 5 0 . 03 7 278  28  30 0 . 02 
8 0 . 6 0 . 04 3 350 25  25 0 . 10 
9 0 . 4  0 . 03 5 200 2 1  1 5  

1 0  0 . 2 0 . 02 0 . 02 4 1 50 1 0 l l  
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SEAWEED AS A RAW MATERIAL FOR INDUSTRY 

Rac hmaniar  Rac hmat , Jana Anggad i redj a ,  
Ac hmad Zat nika , S r i  Ist ini , and Suha imi 

BPPT Seaweed Research Team 

INTRODUCTION 

In seeking nat iona l deve lopment , Indones i a  i s  L ooking toward it s 
vast  ma r i ne resources t o  p rov ide mo re d ivers i fied ea rnings . One ma r i ne 
re source t hat has not been tapped wise ly is  seaweed . Mos t  of the 
seaweed now ha rvested grows natura l ly a long t he coasts  o f  Riau , Wes t  
Sumat ra ,  Bangka Be l i tung , South Java , South Sulawe s i , Cent ra l Sulawe s i , 
Sout heas t  Sulawes i ,  Ba l i ,  t he Nusa Tenggara Is lands ( NTT ) , and t he 
Mo l iucas ( Soeg ia rto et  a l . , 1 9 78 ) . 

The S i boga Exped i t ion of  1899-1 900 ident i f ied approx imate ly 555  
d i f fe rent kinds of  seaweed ( van Bosse , 1 9 2 8 ) , of which five a re of  
comme rc ial  va lue : Grac i la r i a , Ge l id ium , and Ge l id ie l la for  agar and 
Hypnea and Euc heuma for car rageenan . 

Seaweed has long been known as  a raw material  for food and 
pha rmaceut ica l s  i n  t he United States , Japan , China , and Europe . Based 
on t he p resent p roc e s s i ng tec hnology , a lg i nat e , agar , and car rageenan 
are used in t he manufac ture of various i ndus t ria l commod i t ies , mos t  of 
which  are p roduced by the Uni ted States , Denmark ,  France , Korea , Japan , 
Taiwan , and Canada . Because t he demand for t hese commod it ies i s  
inc reas ing , the demand f o r  t he raw mat e r i a l ,  t he unp roces sed seaweed , 
is inc rea s i ng concurrent ly .  

Indone s ia i s  looking forward t o  t h i s  i nc reased demand a s  i t ha s 
important ma rine a lgae source s .  They wi l l  provide a new source of  
income for Indones ians l iv i ng i n  coa s t a l  areas , reduce pres sure on t he 
land , and ea rn fore ign cur rency . 

PRESENT SITUATION 

The rea l potent ia l of  seaweed in  Indone s ia is  not we l l  establ i s hed 
as a detai led study of  the resou rces has yet to be done . A number of 
stud ies  ind icat ing t he d i s t r i but ion of va rious spec ies of seaweed have 
been undertaken , howeve r .  In fac t , some a reas a l ready produce 
substant ial amount s of seaweed , as i nd icat ed in Ta ble 1 .  

Seventy percent of seaweed p roduc t ion comes f rom t he Mo i lucas , 9 
pe rcent f rom Ba l i  and NTT , and 5 percent f rom Sout h Java . Ta ble 2 
s hows a more det a i l ed breakdown o f  seaweed p roduc t ion by l ocat ion . 
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TABLE ! Produc t ion and Va lue of  Seaweed in Indone s i a , 1 9 79-1983 

Vo lume Va lue 
Year  ( tons ) ( Rp .  1 , 000 ) 

1 9 79 5 , 945 334 , 000 
1 980 7 , 848 421 , 000 
1 98 1  7 , 2 5 1  362 , 000 
1 982  7 , 4 79 398 , 000 
1 983 9 , 607 5 1 5 , 000 

SOURCE : Di rec torate Gene ral of  Fishe ries , Jakarta , 1 985 . 

TABLE 2 Seaweed Produc t ion ( Tons ) of Eight Coastal  Areas of  Indone s ia , 
1 9 79-1 983 

Location 1 9 7 9  1 980 1 981 1 982 1 983 

Wes t  Sumat ra 6 4 8 6 62 
East Sumat ra 39 
Ma l acca St ra it 2 5 1  5 7 2  7 
North  Sulawe s i  108 1 1 9 l OS 1 23 69 
South Sulawe s i  436 78 1 38 280 501  
Sout h Java 1 9 1  486 208 407 7 7 2  
Ba l i /NTT 496 550 4 5 1  3 1 5  1 , 755  
Mo l iucas 4 , 4 1 8  6 , 039 6 , 34 1  6 , 34 1  6 , 448 

Tota l  5 , 945 7 , 848 7 , 25 1  7 , 279  9 , 607  

SOURCE : Cent ra l Bureau of  Stat i s t ic s , Jaka rt a .  

The amount o f  seaweed p roduced i n  Indones ia , mos t  o r  a l l  of  which 
come s  f rom unc u l t ivated resources , i s  ve ry low compared to that 
produced in the Phi l ippines  ( Table  3 ) . The p roduc t ion of Euc heuma per 
hect a re in  Indone s ia is  0 . 6-3 . 4  tons d ray we ight pe r mont h .  By farming 
seaweed , produc t ion cou ld reac h 6-8 t /ba /mo in Southeast Su lawesi  and 
5-6 t /ha /mo in Ba l i .  At p re sent , t he p roduc t ion of  seaweed in Ba l i  is 
1 20 t /mo f rom 22 hectare s . The ave rage growt h  rat e  of seaweed in Ba l i  
for t he pe r iod December 1 984-January 1 985  is  shown in Ta ble 4 .  I n  t he 
Phi l ippines , intens ive c u l t ivat ion baa inc reased Euc heuma produc t ion 
f rom 398 t /y r  in 1 9 70-1 9 7 3  to 20 , 000 t /y r  in 1 9 78-1 984 ( Porae , 1 985 ) .  
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TABLE 3 

Year 

Produc t ion of Eucheuma spp . in  the Phi l ippine s , 1 9 78-1 984 

Produc t ion ( tons ) 

1 9 7 8  
1 9 79 
1980 
1 981  
1982 
1 983 
1984 

SOURCE : Porse ( 1 985 ) . 

1 3 , 000 
14 , 000 
1 7 , 000 
1 8 , 000 
26 , 000 
26 , 000 
2 3 , 000 

TABLE 4 Ave rage Growt h Rate ( Pe rcent pe r Day ) of Seaweed in Ba l i ,  
Decembe r 1 984-January 1985  

Spec ies Nusa Dua 

Eucheuma spinosum 3 . 9 
Eucheuma s t r iatum 3 . 5 
Grac i laria  g igas 

Nusa Lembongan 

5 . 6 
6 . 0  

Se rangan 

5 . 09 
1 . 33 

Table 5 ind icates t he p roduc t ion of Euc heuma in 1 985  and i t s  
est imated produc t s . 

TABLE 5 :  Euc heuma Spinos ium Produc t ion in 1 985 and Produc t Est imat ion 
o f  Euc heuma sp in Ba l i  

Euc heuma Spinosium Produc t s  Es t imat ion 
Produc t ion , 1 985 Euc hema Sp . 

Locat ion Area Produc t ion Area Produc t ion 
('ha) ( tons ) ('ha) ( tons ) 

Nus a Lembongan/ 
Nusa Pen ida 38 1 90 1 1 0 550 
Nus a Ceni ngan/ 
Nus a Dua 2 1 0  1 0  5 0  
Se rangan 3 1 5  1 00 500 

TOTAL 43 2 1 5 220 1 , 100 

Source : The Seaweed Research Team Of BPP Tec hno logy , 1 98 5 .  
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Be s ides Eucheuma , other pos s i bly useful seaweeds a re Hypnea , 
Grac i laria , Ge i id ium, and Ge l id ie l la .  The p roduct ion va lue o f  these 
gene ra i s  not known as  the etat 1et 1ca l  data are  mixed in wi th those on 
Eucheuma . The tot a l  p roduc t ion of seaweed is  only 0 . 3 percent that of 
f i s h ,· howeve r ( Table 6 ) . 

TABLE 6 A Compar i son of  the Produc t Va lues ( Rp . 1 , 000 ) of 
Seaweed and Fish in Indonesia , 1 9 7 7-1983 

Fis h and Othe r Seaweed/ 
Year Seaweed Sea Produc t s  Fish  ( % )  

1 9 7 7  203 , 000 5 7 , 884 , 000 0 . 4  
1 9 78 742 , 000 66 , 207 , 000 1 . 1  
1 9 79 334 , 000 1 05 , 664 , 000 0 . 4  
1 980 421 , 000 1 2 1 , 374 , 000 0 . 3 
1 981 362 , 000 1 36 , 07 3 , 000 0 . 3 
1 982 398 , 000 1 3 2 , 284 , 000 0 . 3 
1 983 5 7 5 , 000 1 79 , 7 7 2 , 000 0 . 3 

SOURCE : Di rec torate Gene ra l of  Fishe ries , Jakarta , 1 985 . 

MARKET S ITUATION 

Most of t he seaweed p roduced in Indone s ia i s  exported ( Ta ble 7 ) , 
but some i s  used domes t ic a l ly .  Within t he count ry , seaweed is  large ly 
p roces sed as aga r .  The demand for Euc heuma is e s t imated to be 50 , 000 
t /y r ,  whi le  t he cur rent supply is a bout 44 , 000 t /y r .  It is expec ted 
t hat the demand for a lginate wi l l  reach 5 0 , 000 t /y r  in  t he next 5 - 1 0  
years . Thi s  is  eQuiva l ent to 1 mi l l ion tone of fresh seaweed . 

Accord ing to t he Cent ra l Bureau of  Stat i st ics , the p r ice o f  
seaweed f o r  export is  i n  the range of Rp . 100-200/kg d ray weight at  the 
fa rm gate leve l . After  p roces s ing by who lesalers , t he p r ice cou ld 
reac h Rp . 450-500/kg FOB . 

The fo L lowing examp l e  of the price breakdown of the market ing 
chain is  based on a case i n  t he Mo l lucas : 

o Seaweed farmers , Rp . 1 00 
o Loca l col lectors , Rp . 1 5 0  
o Midd lemen , Rp . 350 
o Exporters , Rp . 450 . 
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TABLE 7 Seaweed Export s , 1 9 79-1 984 

Year 

1 9 79 
1 980 
1 98 1  
1982 
1 983 
1984 

Vo lume ( Kg . ) 

1 , 836 , 076  
596 , 629 
690 , 29 1  

2 ,  1 1 0 , 703 
3 , 402 , 1 39 
3 , 06 1 , 1 22  

Va lue ( US $ )  

1 70 , 1 3 2  
143 , 01 6  

61 , 30 2  
1 66 , 201  
346 , 6 1 9  
658 , 84 2 

SOURCE : Cent ra l Bureau of  Stat i s t ic s , Jakart a .  

SEAWEED PROCESSING INDUSTRIES 

The seaweed p rocess ing indust r ie s  in Indonee ia are present ly  
l imited to  proces s i ng seaweed int o aga r .  None have the capac ity to  
produce car rageenan and a lg inat e .  In 1 9 78 , t he re we re l l  factories  
wit h a p roduc t ion capac ity of 5 , 8 1 6  kg/mo ( Soeg iarto et  al . ,  1 9 78 ) . 
They we re l ocated in  Sura baya ( 6 ) ,  Wonocolo  ( 1 ) ,  Jakarta ( 3 ) , and 
Tangerang ( 1 ) .  Of these , only th ree fac tories are s t i l l  in ope rat ion : 
two 1n  Eas t  Java and one in Jakart a .  

Because the proces s i ng of  seaweed cont inue s to  be done large ly in 
the t rad it iona l way s , t he p roduc t s  a re low in Qua l ity and una ble to 
compete wit h  imported p roduc t s . From 1 981  to  1 984 , Indone s ia imported 
Qua l i ty agar va lued at US $41 0 , 958 pe r year for indust rial  uses 
( Table 8 ) . Indone s ia i s  a l so import ing a lginat e .  Stat ist ic s for 
car rageenan a re not ava i l a ble a s  car rageenan i e  proba bly mixed with  
othe r  chemic a l s .  In comparing t he va lue of impor t s  and exports  of aga r  
and a lg inate a lone , Indone s ia i s  s pending 1 8  t imes more o n  impor t s  t han 
it  receives for export s .  It  is hoped that thi s p roport ion can be 
reduced to an accepta ble economic leve l .  

TABLE 8 Impor t s  o f  Agar and Alginat e ,  1 9 78-1 984 

Agar 
Year ( kg )  

1 9 7 8  95 , 5 1 8  
1 9 79 25 , 8 7 2  
1980 1 59 , 349 
1981  43 , 3 7 2  
1 982  261 , 94 7  
1983 350 , 1 1 1  
1 984 1 62 , 885 

Va lue 
( U . S . ) 

556 , 763  
144 , 670 
848 , 01 9  
300 , 7 10  
542 , 1 93  
526 , 9 5 7  
2 7 3 , 9 73  

Alginate 
( kg )  

4 , 639 , 508 
2 , 938 , 303 
3,  7 1 7 , 9 0 1  
3 , 65 2 , 365 

Va lue 
( US ) 

5 J 1 14 , 598  
4 , 7 64 , 9 68 
4 , 848 , 99 7  
5 , 4 7 3 , 142 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Workshop  on  Mar ine  A lgae  B io techno logy :   Summary  Repor t ,  Jakar ta ,  Indones ia ,  December  11 -13 ,  1985
h t tp : / /www.nap .edu /ca ta log .php?record_ id=19226

http://www.nap.edu/catalog.php?record_id=19226


- 54 -

CONCLUSION 

seaweed resources have the potential to contribute to 
industriali zation in Indonesia throuqh better resource identification 
and seaweed culture . Imports of quality seaweed products could be 
reduced throuqh the development of more modern factories .  
Establishment of these factories and the culture of seaweed rather than 
harvestinq from uncultivated natural sources wil l  create j obs � qenerate 
income , diversify resource uti l ization , earn foreiqn currency , and 
reduce the pressure on the land . 

The Seaweed Research Team has concluded that the followinq actions 
are needed to develop a marine alqae proqram in Indonesia : 

o Mappinq marine alqae by area and estimatinq production and 
quality of the current resource 

o A market study 
o Manpower deve lopment for the cult ivation , postharvest , and 

processinq phases 
o Development of better cultivation techniques 
o Establishment of a research center . 
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MARINE ALGAE BIOTECHNOLOGY : POSSIBILITIES AND REALITIES 

Dona ld w .  Renn 
Senior Research Fe l low 

FMC Corporat ion 

INTRODUCTION 

Marine algae contain a var iety of chemical  compounds --organic , 
i norganic , and mixed . Some of t he se compounds are now be i ng used 
comme rc ia l ly , whi le ot hers  may be in t he future . They are be i ng 
app l ied i n  t he areas of food , biomass ene rgy , med ic i ne , indus t ry ,  
agricu l ture , and biotechno logy . 

Algae are l iving organi sms . Thus , t hey contain c hromosomes and 
ot he r nuc leic  ac id components which  a re su bj ec t  to  gene t ic manipu lat ion 
t h rough convent iona l c ross breed ing or  t he emerg ing new met hods of  
biot ec hnology . Because a lgae have photosynt het ic capa bi l i t ies , t hey 
reQui re only l ight , a i r , wat e r , and sal t s  to grow , rep roduce , and 
produce commercial ly inte re s t i ng meta bo l ites . Blue-green a lgae eve n 
f ix t he i r  own nit rogen . 

The biotechnolog ic a l  t echniQues app l ied to bac teria , fung i , and 
land p lants a re inc rea s i ng rap id ly ,  but genet ic manipu lations with  
a lgae have scarce ly been exp lored . It  is  hoped t he refore t hat t he same 
tec hniQues app l ied to bac t e r ia , fung i ,  and land p lant s , or 
mod i f icat ions of them, wi l l  l i kewi se be appl ica ble  to  a lgae . Ce l l  
cu l ture met hods have only recent ly been app l ied t o  a lgae , and t he few 
repo rted successes  seem to be l imited to t he unice l l u lar  blue-green 
a lgae . 

Be fore d iscus s i ng and put t ing into p rope r pe rspec t ive some of  the 
nume rous pos s i bi l i t ies  for imp roving va rious c ha rac t e r i s t ics of  a lgae 
or u s i ng t hem as fore ign gene hos t s , it is es sent ial to have an 
e l ementary unde rstand i ng of  t he tec hniQues invo lved . 

EXPERIMENTAL TECHNIQUES 

Ce l l Cu l ture 

The ce l l  cul ture cyc le for land plant s i s  i l lust rat ed in Figure 1 .  
Eac h plant ce l l  i s  "tot ipotent , "  meaning t hat , t heoret ica l ly ,  eac h and 
eve ry p lant ce l l  i s  capa ble of  produc ing a regene rated p l ant unde r t he 
app rop r iate cond it ions . Eac h p lant ce l l  has its  own gene t ic dive rs i ty ,  
and neigh boring ce l l s  i n  t he same plant may have ent i re ly d i f fe rent 

- 5 5  -
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FIGURE 1 
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gene t ic components and yie ld d i f fe rent s t rains upon regene rat ion . Thi s  
so-ca l led  "somac lona l va r iat ion" has been demonst rated i n  a numbe r o f  
land plant s .  They can be t reated to produce s ing l e  o r  aggregat e  ce l l  
suspens ions and t hen cultured this  way to p roduce t he des i red 
product s . Whethe r  any or a l l of the se princ ip les  of p lant mo lecular  
bio logy app ly to ma rine a lgae remains to be seen .  

Ce l l  Fus ion 

Ce l l s  can be s t ripped of t he i r  oute r  coats us ing a variety of  
enzymes or othe r  reagent s .  The re su l t ing "naked ce l l s "  are c a l l ed 
protop la st & .  These protoplast & , or t he i r  pa rent ce l l s , can be fused 
with othe r ce l l s  under the appropr iate cond it ions to  form hy brids f rom 
whic h a regene rated p lant s howing charac t e r i s t ics of both ce l l  l i nes 
can be o btained . I f  this  techniQue is  proven app l icable to marine 
a lgae , new spec ies  cou ld be gene rated . 

Ce l l  Trans format ion 

Us ing mic roinj ect ion , l iposome fus ion , or e l ec t roporat ion it has 
been pos s i ble to int roduce fore ign genes or  DNA f ragments d i rect ly int o 
land p lant ce l l s .  The t rans formed ce l l s  can be cultured or deve l oped 
int o regene rated p l ant s . The net e f fect is p lant ce l l s  or a 
regene rated p lant produc ing the mate r ia l  coded for by a fore ign gene . 
It is  conce iva ble t hat a lgae or t he i r  ce l l s could be used as  fac tories 
for fore ign gene produc t s  ( e . g . , inc reased d igest i bl e  p rotein content ) .  

Gene t ic Eng ineering 

Genet ic enginee ring i s  gene ra l ly assumed to re fe r to app l icat ions  
of recombinant DNA techno logy , and often when peop l e  speak of  
biotechno logy , t hey a re thinking of genet ic enginee ring .  It i s  
ac tua l ly only a sma l l segment of biotechno logy , howeve r ,  and i t s  
app l icat ions are rathe r  l imited . But it is  a powe rfu l too l , 
neve r t he les s . 

Each protein in  a l iving sys tem ,  whe the r s t ruc tura l , storage , or 
reac t ive en zyme , is not formed d i rec t ly .  Prec i se informat ion cod ing 
for amino ac id s , pept ides , or  proteins is s tored in gene s  found in 
nuc lear chromosomes or othe r  spec i f ic ce l lular  components such  as t he 
plasmids of  bacteria . Each norma l human ce l l  nuc l eus has 46 
chromosome s , but ma rine a lgae have cons ide ra bly fewe r , two or more , and 
eac h ch romosome c ontains many gene segments cod ing for s pec i f ic 
prot e ins and pept ides . 

Gene s a re carried wi thin the nuc leus o f  each ce l l  and are 
rep l icated inde f inite ly . They a re composed of deoxy r i bonuc leic  acid , 
or DNA s t rands , each of  whicn i s  made up of combinat ions of 
nuc leot ide& , cons i s t i ng o f  one of t he four organic bases--adenine ( A) , 
guanine (£) , cytos ine (£) , and thymine ( T ) --with t he sugar component , 
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FIGURE 2 Pu r ine and py r imidi ne bases of DNA and RNA. 
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FIGURE 4 DNA dou ble he l ix .  
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in thi s case deoxyribose , and phosphate residues ( Figures 2 and 3). 
DNA consi sts then of triplets of these nucleotide & j oined together in 
long strands forming double he lices ( Figure 4 ) . Each strand i s  matched 
with a complementary strand so that the A ' s match with T ' s and c • s with 
G ' s .  The complementary strand i s  used as a template for production of 
DNA during cell division . Some of the base pairs are initiators , 
regulators , and terminators , but each specific amino acid is coded for 
by one or more triplets of nucleotide &  ( Figure 5 ) . Putting these 
together in appropriate order yie lds a codon for a particular sequence 
of amino acids making up peptides or proteins . 

It is important to remember that thi s coding applie s  only to 
specific amino acids , polypeptides , and proteins ( Figure 6 ) ; such 
molecules are called single-gene products . Nonpeptide material s --such 
as polysaccharides , pigments , and steroids--require the formation of 
enzymes or series of enzymes as primary gene products . These enzymes 
then create the nonpeptide molecules . 

How does an organi sm get from the DNA to the proteins or 
polypeptides? In the first phase , known as "transcription � "  particular 
enzymes initiate the process in which a so-cal led messenger ribonucleic 
aci d  ( mRNA )  is formed f rom the coding DNA which , with the help of the 
cel l  ribosome , trans lates the mRNA code into specific amino acids 
linked together appropriately to form the polypeptides or prote ins . 
RNA is  different from DNA in two respects . Urac i l , or 5-demethylated 
thymine , is substituted for thymine , and ribose is substituted for 
deoxyribose . 

How i s  thi s system used in modifying proteins by genetic 
engineering? Enzymes called restriction endonuclease& , which have been 
discovered in nature , cleave DNA between defined base sequences . The 
DNA sequence coding for a specific protein can be cut f rom a gene . 
Agarose gel e lectrophoresis i s  used to separate the desired DNA 
fragment . Concurrently , as a vector or introducing agent , a bacterial 
plasmid or organelle composed of circular DNA can be isolated and the 
same or an analogous enzyme used to remove a portion of the plasmid DNA . 

The isolated DNA fragment coding for the specific protein i s  
spliced into the plasmid DNA, replacing the portion removed ,  and i s  
"glued" there by another enzyme cal led a liga se or DNA polymerase . The 
altered plasmid i s  reintroduced into the bacterium and codes for the 
specific protein desired . By thi s  process , E .  coli or other microbial 
hosts can then rapidly produc e ,  for example ,-human insulin under 
fermentation conditions . 

For algae , at least three possibi l ities exist for applying the 
principles of genetic engineering : ( 1 )  use of algae as hosts for 
foreign genes , such as those coding for digestible storage proteins ; 
( 2) transfer of algae genes into bacteria or other microorganisms ; and 
(3 ) manipulation of algae genes to enhance the productivity of desired 
products such as polysaccharides by increasing copy numbers of l imiting 
synthes i s  enzymes , or alteration of photosynthetic partitioning so that 
less energy goes into cel l  divi sion and more goes into polysaccharide 
productivity . 
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FIGURE 5 The genetic code - The three triplets UAA, UAG, UGA with no 
amino acid allocated to them are nonsense codons which lead to the 
termination of the polypeptide chain . 
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POSSIBILITIES FOR APPLYING BIOTECHNOLOGY TO ALGAE 

How can the technology described above be applied to marine algae? 

Species Daprovement 

Selected examples of species improvement are : 

o Faster-growing varieties 
o Higher yields of desired products 
o More desirable products 
o Disease resistance 
o Herbivore resi stance 
o Hybri d  products 
o Increased protein content 
o Secondary metabolite stimulation 
o Creation of new species 
o Envi ronmental adaptabi l ity .  

Algae a s  Hosts 

Since algae need only air , water ,  salts , and light to grow and 
produce metabol ites , it is tempting to suggest their use as hosts for 
foreign gene product production , even for such high value-added 
products as insul in , human growth hormone , and interferons . 

Algae as Chemical Reactors 

A number of enzymes have yet to be discovered in algae . It is  
enti rely possible that some of these will  be useful for synthesizing 
various compounds difficult to produce by traditional methods . Whole 
or homogenized algae , algae cell suspensions , or immobilized systems 
are a l l  potentially useful as chemical reactors . 

REALITIES 

Taking into account how far the biotechnology f ield has evolved 
thus far , as well  as the l imited progress made to date on applying the 
princ iples of biotechnology to marine algae , one must apply reason to 
the aforementioned poss ibi l ities in predicting which ones may become 
real ities within given time f rames . Genetic manipulation research is 
expensive and time· ·consuming, and until now the driving force has been 
the production of high value ··added products .  Whether sufficient 
incentive can be generated to apply biotechnology extensive ly to marine 
algae remains to be seen . Neverthe less , the fol lowing predictions seem 
reasonable .  
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Short Term ( 1 - 5 Years ) 

Mutant Selection Usinq appropriate observations of natural species or 
induced mutation processes toqether with analytical methods deve loped 
to quantify the useful property souqht , mutant selection is certainly a 
short ·term reality . In fact , this  process is  already beinq used to 
select strains for seaweed farminq . 

Hybridi zation Whether this is  carried out by sexual crosses ( as or . 
John West is  doinq at the University of cal ifornia , Berkeley ) or 
asexua l ly by cel l  or protoplast fusion and then reqeneration , or 
combinations ,  hybridization should produce se lective ly superior alqae 
within the short term . Whole plant reqeneration f rom callus has been 
reported for Aqardhiella subulata by p .  M. Bradley and o .  P. Cheney 
( 1 985 ) of Northeastern University . In the November 1 985 issue of 
Aqricell Report , thi s prediction appears : 

Tissue culture procedures may have an even qreater potential for 
rapid breedinq and multiplication of desi rable seaweed cultivars 
than for terrestrial c rops . In land crops , much of the useful 
variation has been selected throuqh thousands of years of plant 
breedinq . In contrast , l itt le breedinq of marine crops has been 
done . In vitro culture of multice l lular marine alqae ,  however ,  i s  
sti l l  in-a very early staqe o f  development .  Whi le protoplasts have 
been i solated from a few seaweed species , very little work has been 
done on basic tissue culture procedures and none on qenetic 
recombination of these . 

Cel l  CUlture , Includinq Secondary Metabol ite Production Techniques are 
beinq developed to reduce multice llular marine alqae to tissue culture ,  
both callus and suspension . These cells and the ir protoplasts can be 
used for hybridization , as  described previously , and for production of 
secondary metabolites ( nonqene products ) via cell  culture . The 
products normally produced by whole alqae could poss ibly be produced by 
denser cultures of free or aqqreqate cells . 

Cell  CUlture Manipulations Techniques must be developed for fusions of 
cel l s  or protoplasts followed by culture or reqeneration . Within the 
next five years , practical methods should evolve . 

Development of Foreiqn Gene Insertion Methods Whether foreiqn storaqe 
protein qenes for more nutritious a lqae , qenes for hiqh value-ad�d 
products , or qenes for increasinq production of polysaccharides are 
anticipated ,  practical methods for these qene insertions wi l l  have to 
be developed . This should be possible within the next five years . 

Biopathway Elucidation To i ncrease the productivity of current 
products , includinq polysaccharides , by qenetic manipulation , it is  
necessary to understand which enzyme systems are active in biosynthes i s  
o f  these products . It should be possible t o  eluc idate a number of 
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these systems within five years if  sufficient effort is  applied to the 
problems . 

Enzymatic Bioconversions Certa in enzymes exist ing in marine and othe r  
algae may enable production o r  modification o f  high value-added 
products .  Free algae or immobi l i zed forms of them should be evaluated , 
perhaps leading to short ·term success in their  uti l ization . 

Intermediate ( 5-1 0 Years ) 

Foreign Gene Insertions If the development of methods for foreign gene 
insertion i s  successful during the next f ive years , the following five 
years should see desi rable foreign gene insertions and useful 
expressions of those genes in almost unlimited variations . Even though 
it is often said that algae would make ideal hosts for foreign gene 
products because of their  requirements for only water , air , inorganic 
salts ,  and light , it must be remembered that their doubling times are 
orders of magnitude greater than those for bacteria and yeasts . Thus � 
these longer doubling times must be considered , unless they can be 
reduced by photosynthetic partitioning or some other manipulation . 

During the next five years , enough about spec ific algae genes and 
their products may be learned to al low us to transplant these genes to 
more rapidly growing hosts . Perhaps algae polysaccharides wi ll  be 
produced by fermentation techniques , or nitrogen-fixing gene products 
from blue-green algae wi ll  be transferred to and expressed by land-crop 
plants . A number of these possibi lities may become realities . 

Biosynthetic Pathway ( s )  !mprovement As stated earl ier , the rate of 
natural production of commercial products such as the polysaccharides 
may be l imited by a particular enzyme or series of enzymes . If the 
genes producing these enzymes could be manipulated to produce more 
copie s ,  productivity could be enhanced considerably . 

Long Term ( Greater than 1 0 Years ) 

It is  diff icult to imagine any biotechnoloqy ··oriented marine algae 
proj ect that could not become a reality in the long term if sufficient 
effort is devoted to it . 

CONCLUSION 

Considering the number of algae species and the useful products 
from them ( both those known and those yet to be discovered ) ,  it is 
diff icult to choose which genetic manipulations on what algae or 
combinations of algae wi l l  have the best chance for economic success . 
One can only hope that through prudent choices of proj ects and 
cooperative efforts by univers ities , research institutes , government 
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agencies , and private industry , at least some of the possibilities .  
discussed will  ultimately become , or lead to , profitable realities . 
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MARINE ALGAE BIOTECHNOLOGY : ECOLOGICAL CONTEXT 
AND MANPOWER NEEDS FOR INDONESIA 

Dirk Frankenberq 
Marine Science Proqram 

University of North Carolina at Chapel Hil l  

INTRODUCTION 

use of Indonesian marine alqae for exi stinq commercial purposes and 
future biotechnoloqical development wi ll  be based upon the diversity of 
marine alqal flora in Indonesia and the conscious application of a 
strateqy for developinq it . The tropical settinq and the extraordinary 
qenetic resources of the Indo-West Pacific bioqeoqraphic reqion are 
responsible for Indonesia ' s  qreat diversity of marine alqae--qreater , 
in fact , than that of any other place in the world.  This resource i s  
well  suited t o  development throuqh the strateqy for industrial 
transformation articulated by Mini ster of State for Research and 
Technoloqy a .  J. Habibie . However ,  application of this strateqy wi ll  
require newly trained scientific manpower .  Thi s paper examines the 
ecoloqical context of Indonesian marine alqae resources , describes the 
potential for commercial development within the Minister ' s  industria l 
transformation strateqy , and outlines some implications that a marine 
alqae development proqram in Indonesia would have for scient ific 
manpower traininq . 

ECOLOGICAL CONTEXT OF INDONESIAN MARINE ALGAE 

Indonesia occupies a 3 , 0 0 D-mi le band of ocean between the Pacific 
and Indian oceans . This  area i s  the heart of  the Indo··West Pac ific 
bioqeoqraphic reqion which has the world ' s  most diverse biota . The 
diversity of Indo-West Pacific She lf fauna far exceeds that of othe r 
tropical reqions ( Briqqs , 1974 ) . For example , thi s reqion has an 
estimated 5 0 0  species of reef-buildinq corals ,  or about 1 0  times the 
number found in the Western Atlantic which i s  the next richest area 
( Vauqhn and We lls , 1943 ) . Similarly , it has more than 1 , 000  species of 
bivalve mol luscs- · ·the next richest tropical shelf reqion has fewer than 
500 species ( Stehli et al . ,  1967 ) - -and over five t imes as many conch 
species ( Strombidae ) as the next richest area ( Abbot , 1 960 ) . Briqqs 
( 1974 ) estimates that there are more than 3 , 0 0 0  species of shore f i sh 
in the Indo ·West Pacific , which compares to fewer than 1 , 0 0 0  found in 
any other tropical she lf reqion . And alqoloqists believe that 
Indonesia ' s alqal  f lora is more diverse than that in other tropical 
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areas ; 587 of the about 1 , 5 0 0  described species of macroscopic marine 
algae are found in Indonesia ( information furnished by the Seaweed 
Research Team ) . It i s  also said that marine algae found anywhere in 
the tropical ocean are also found in Indonesia ( Max Hommersand , 
University of North carolina , personal communication , 1986 ) . 

Among Indonesia ' s  algal f lora are plants that produce chemicals for 
whi ch there is a present international market and chemical s that are 
likely to be valuable in the future . The current Indonesian algae 
industry is based on Eucheuma strains imported f rom the Phi lippines � 
but it is  likely that indigenous species also produce commercially 
valuable kappa - and iota-carrageenans . The Indones ian species 
Gratelaupa probably produces lambda-carrageenans , used as a thickener 
in prepared food products . Similarly , it is almost certain that 
Indonesian species of Graci llarica , Gelidium,  Gelidiopsis , and 
Gelidiella produce agar ,  a valuable food product and bacterial growth 
medium. 

other algae within Indonesia ' s  rich flora are like ly to produce 
chemicals that wi ll be valuable in  the future . For example , the 
extraordinary diversity of the Indo-west Pacific biota inc ludes a wide 
range of plant-eating herbivores ,  which are capable of all but 
eliminating their  food plants f rom the natural ecosystem .  Many plants � 

however ,  have evolved chemical defenses against herbivores . over 
1 2 , 0 0 0  biologically active chemicals have been identified f rom 
terrestrial plants ( Devon and Scott , 1972 ) , including alkaloids � 
terpenoids , acetogenins , and aromatic compounds known to function as 
toxins , feeding inhibitors , digest ibility reducers , and pathogen 
inhibitors ( Rosenthal and Janzen , 1979 ) . 

At least 5 0 0  different natural products have been identified f rom 
marine algae ( Faulkner , 1 984 ) , and a large percentage of these appear 
to be biological ly active secondary metabol ites ( Norris and Fenical , 
1 982 ) . 

Some of these chemicals have already been isolated f rom Indonesian 
marine algae ( information furnished by Tj odi Harlim, University of 
Hasanuddin )  • 

COMMERCIAL DEVELOPMENT OF INDONESIAN MARINE ALGAE 

Commercial development of natura l resources involves several 
identifiable steps . Mini ster Habibie has identified four phases of 
this process in a paper describing a strategy for the industrial 
transformation of a developing country ( Habibie , 1 983 ) : 

The first , most bas ic , phase i s  the use of already exi sting 
technologies for added ·value processes in the assembly and 
manufacture of products already on the market . This includes both 
the domestic as wel l  as the international market • • •  

The second phase i s  the integration of already existing 
technologies into the design and manufacture of completely new 
products . In this second phase , technologies are used and 
developed to create blueprints and designs , thus adding the element 
of creativity to the first phase • • .  
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The thi rd phase i s  the staqe of the development of technology . 
Existinq technoloqies are improved and new ones developed in the 
effort to desiqn and manufacture the products of the future . If in 
the second phase one can avail oneself  of existinq technoloqies � at 
this staqe there is a need for the creation of completely new 
ones • • •  

Firms and countries in  the 
often find that in many cases 
investment in basic research . 
in the development of science 
industrial t ransformation . 

third phase of development wil l  very 
there exist qaps in theory which need 

This may be called the fourth staqe 
and technology for technoloqical and 

Commercial development of marine alqae products appears to fit 
nicely into the Minister ' s model of industrial transformation of a 
developinq country .  Indonesia can enter the existinq international 
markets for carraqeenan and aqar usinq existinq technology 1 this is  
beinq done in the new production facilities at Nusa Dua and Nusa 
Lembonqan . But steps should be taken to improve application of this 
technology and thereby the quality of alqae products .  These steps 
appear minor,  however , compared to the strides already made . 

The second phase of industrial t ransformation may beqin with 
analyses of Indonesia ' s  rich alqal flora for potential new products � or 
it may involve linkaqes between marine alqae production and the new 
center for Biotechnology in Indonesia . In the previous paper � Dr . Renn 
outlined some realistic possibi l i t ies at the interface of marine alqae 
and biotechnology . 

The Minister ' s  third and fourth phases of industrial transformation 
must bui ld upon the first and second, but a functioninq alqae products 
industry with immediate access to the world ' s most diverse alqal flora 
has an obvious competitive advantaqe in the development of total ly new 
alqae products .  

Minister ' s  Habibie has also stated five basic principles that must 
underlie all  phases of i ndustrial transformation throuqh the 
application of science and technology ( Habibie , 1 983 ) : 

First , education and traininq in the various sciences and 
technoloqies relevant to the nation··buildinq needs of the country 
must be undertaken . This involves both in··country as well as 
education and traininq abroad . Thi s  is an essential step It is � 
however ,  by itself , not sufficient . 

In addition , a clear , realistic , and cons i stently applied 
concept of the nature of the society to be developed and the 
technoloqies needed for the realization of this future society must 
also be evolved . These technoloqies need not necessari ly be the 
most primitive . They may indeed in many cases be the most advanced 
in the world . The only criterion for the appropriateness of 
technoloqies for any particular country , includinq technoloqical ly 
less developed countries , i s  the i r  uti l ity in solvinq actual 
problems in that particular country . 
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Thi rd and perhaps most important , technoloqies can only be 
transferred , adapted , and further developed through their being 
applied to concrete problems . By their  very nature , technoloqies 
cannot be learned , let alone be developed , in the abstract . • • • 

Fourth, and as a corollary to the previous princ iple , for a 
country to develop itself technologically it i s  vital that it 
solves its own problems by i tself . To develop its technoloqy , no 
country can continue to be a net technological importer 
indefinitely . At some point it must be able to develop its own 
technologies . 

Fifth , in the very first stages of transforming itself into a 
technological ly advanced nation , every country must protect the 
growth of its national technological capabi lities until its 
international competitiveness has been established . 

Here again , marine algae seem to be a resource wel l  suited to 
application of these principles .  Education and training will  be needed 
during development of Indonesia ' s  marine algae resources , but once 
these investments in human capital have been made , the newly gained 
knowledge can be applied immediately to concrete technical problems and 
to solving Indonesia ' s  problems of foreign exchange generation and 
import substitution . 

MANPOWER NEEDS 

The preceeding two sections of thi s paper have attempted to 
document two maj or premises : 

1 .  Indonesia ' s  marine algae are a rich and diverse natural 
resource for industrial development . 

2 .  Marine algae provide a raw material wel l  suited to application 
of science and technology to the industrial transformation of 
Indonesia . 

If  these two premises are true , it i s  useful to examine the role of 
education and training in the development of marine algae products to 
further Indonesia ' s  industrial transformation . Thi s  is , of course , 
Mini ster Habibie ' s  f i rst principle of industrial transformation . 

Advanced training wil l  be needed in four areas i f  marine algae are 
to be uti l ized effectively in industrial transformation : algal 
bioloqy , international market analys is , natural products chemistry , and 
algal genetics . 

Indonesia ' s  marine algal flora is not wel l  known . Although the 
Sne llius Expedition provided a survey and the Snel lius I I  results will  
expand exi sting knowledge , even greater knowledge is required to 
recognize commercially useful species among the diverse array . 

An international market analysi s  is  essential if Indonesian 
products are to fit effectively into the world market . 
Lambda ·carrageenans and sugar -reactive agars are high-value products 
for which a ready market is available . Some algae products such as 
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bacterial agar and purified agaroses are 1 0 0 to 1 , 0 0 0  times more 
valuable than raw carrageenan . A cost-benefit analysis of the 
production economics of different algae products wi ll be needed in the 
early stages of applying technology to the Indones ian marine algae 
industry . 

In the later stages of industrial development ,  advanced knowledge 
of natural products chemi stry wi ll be necessary as algae are examined 
as a raw material for potential new products . 

Finally , because algae produce chemical products through a complex 
series of steps in i ntermediary metabolism,  knowledge of biochemistry 
and genetics must be applied to the selection and development of algae 
strains suited to the environmental conditions and a product mix suited 
to the Indonesian marine algae industry . 
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PART I I  

Conclus ions and Recommendations 
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SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Participants in the workshop on Marine Algae Biotechnology reviewed 
the status of marine algae resources and farming systems in Indonesia 
and discussed how the application of biotechnology might contribute to 
the industrial development of these resources .  Based on these 
discuss ions , the group concluded that : 

o Indonesia has some of the richest , most varied , and potentially 
most valuable marine algae resources in the world.  

o These resources currently produce an array of products for 
domestic consumption as well as over 9 , 0 0 0  tons of exported 
material used in the manufacture of food , pharmaceuticals , and 
scientific products . 

o Because Indonesia ' s  marine algae resources offer great 
potential for further development , the government should 
strongly encourage capital investment and create a better 
climate for doing business . 

o The international market for marine algae products is becoming 
more diverse as new uses are developed.  Existing markets can 
be penetrated further , however , through achievable improvements 
in the quality of Indonesian algae resources . 

o Because of the fine efforts displayed thus far by the 
interministry Seaweed Research Team administered by the Agency 
for the Assessment and Application of Technology ( BPPT ) , 
continued development of thi s team should be encouraged as a 
mechanism for further developing Indonesia ' s  use of its rich 
marine algae resources .  

- 7 7 -
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RECOMMENDATIONS 

Research and Development 

Based on these conc lusions , it is recommended that : 

o The current program of marine algae research and deve lopment be 
continued . Although this  program should include assessments of 
the currently underutilized natural crops , it should 
concentrate initial ly on deve loping crops for exist ing 
markets . Indonesia has the capacity to grow various types of 
algae , but the market force should guide program development . 

For example , the existing export markets for carrageenan 
products and import substitution for the over $5 mill ion in 
agar and alginate products currently imported annually should 
guide early program development . 

o Steps be taken to improve the quality of the algae products now 
being processed . Further deve lopment of cultivated algae could 
provide substantial employment and income for subsistence level 
farmers and fishermen . This  potential can only be reached,  
however ,  through quality production . The program should 
therefore include establishment of an algae product quality 
assurance laboratory to be used for both research and 
industrial purposes . 

o Research be undertaken on and an inventory made of the 
commercially important species of natural crops , including the 
agar ·producing Graci laria and its re latives . 
Herbivore ·resistant algae should be screened for bioactive 
chemicals  such as toxins , and a prof i le of the general life 
hi story and ecology of these species made to assess the 
potential uses of algae in aquaculture and agriculture . 

o Research on cultivated crops also be conducted , inc luding 
genetic selection and biotechnological deve lopment of algae 
strains with high growth rates and high levels of valuable 
chemicals , experimentation to develop optimum spore setting and 
cultivation techniques , and development of postharvest 
treatments that preserve or enhance product quality .  

o Hew technologies and products be developed : for example , algal 
conversion of waste products into materials of value to 
industry or agriculture ! bioactive substances , including 
steroids for use as pharmaceuticals : and new products from 
algae . using biotechnological research . 

o Market , social , and economic analyses be made , including : 

An analysis  of the market potential for lambda-carrageenan 
production 
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An assessment of product quality requirements for 
international market penetration 
An eva luation of the product requirements and profit 
potential of  a domestic aqar production factory 
A continuinq assessment of the markets for marine alqae to 
identify new products for which Indonesia miqht have a 
comparative advantaqe . 

Manpower and Traininq 

Manpower development , both within Indonesia and abroad , is an 
inteqral part of the marine alqae R&D proqram. 

Within Indonesia , manpower development should focus on helpinq 
solve specif ic problems such as low product quality .  Specific measures 
miqht include : 

o Establishment of an alqae product analysis laboratory and 
traininq appropriate to its needs 

o Short courses on topics of benefit to farmers and researchers 
o Hiqh-level workshops to assist with proqram development . 

Abroad , manpower development should focus mainly on traininq and 
should include : 

o Short ·term technical development activities in universities and 
industry , perhaps j oint research , as well  as lonqer-term 
qraduate deqree traininq in institutions with marine alqae 
proqrams , such as the universities of california at Berkeley 
and santa Barbara , Hawaii , Maryland , North carolina , and 
washinqton 

o Rapid attainment of expertise in marine alqae systematics , 
functional ecoloqy , alqal aqronomy , sol/qel chemi stry , and 
aquacultural economics 

o Lonqer ·term traininq in biotechnoloqical areas such as alqal 
qenetics , biochemistry , protoplast fusion ,  and enzyme analysis . 

Infrastructure 

The participants recoqnized that the development of marine alqae in 
Indonesia wil l  involve many people , companies , reqions of the country � 
and ministries . Thus , they recommended that several supportinq 
orqanizations be established as follows : 

o A coordinatinq committee for the marine alqae development 
proqram under the sponsorship of the BPPT . Thi s  committee 
would provide communication amonq proqram components , sponsor 
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domestic workshops , oversee information dissemination , and act 
as a publicly visible focus for the development proqram . 

o A marine alqae association to assure coordination and mutual 
assistance amonq the larqe and small precursors .  

o A marine alqae information and extens ion proqram. 
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COMMENTS BY CHAIRMAN OF THE u . s .  PANEL 

Dirk Frankenberg 
Marine Science Program 

University of North carol ina at Chape l Hil l  

I t  is  with pleasure that I offer the appreciation o f  the u . s .  
participants for the thoughtful and careful planning that our 
Indones ian hosts have so obvious ly lavished on workshop preparations . 

I also wish to summarize some observations of the u . s . participants on 
the potential of Indonesia ' s  marine algae industry for development . 

The arrangements for the conference have been fi rst-rate in every 
respect . The u . s .  participants have been impressed by the excellence 
of the field trip logistics and by the si gnificant development of algae 
production operations at Nusa Lembongan and Nusa oua . Indonesia can 
take pride in both the organi zing committee for the workshop and the 
Seaweed Research Team established by the Agency for the Assessment and 
Appl ication of Technology [BPPT ] . We have seen firsthand the good 
results produced by tnese scienti sts . 

The u . s . participants believe that Indonesia is  fac ing a "window of 
opportunity '' in securing a larger share of the world market for marine 
algae products .  This  market is  growing , but , more important , concerns 
about the political stabi lity of one of the maj or producers of these 
products is leading manufacturers to search for alternative supplies in 
other countries . Thus , Indon�sia has a significant opportunity to 
become one of the world ' s  maj or suppl iers of algae products . 

Indonesia has a long history as a minor supplier of such products 
lrom the harvest of wi ld plants as well  as from small - scale 
aquaculture . The BPPT ·assi sted development of Nusa Lembongan 
demonstrates that Indones ia is capable of rapidly increasing its 
production . Unfortunately it appears to the u . s . participants that 
the qual ity of the algae products currently processed in Indonesia are 
below world standards , and thus may not support an inc rease in , or even 
retention of , Indonesia ' s  current share of the world market . 

Gi ven this fact , coupled with the limited period within which 
market share adj ustments seem like ly , the u . s  partic ipants in the 
workshop recommend initiation of a crash program of quality improvement 
for Indonesian Eucheuma products .  Four specific steps should be taken 
as part of such a crash program : 

1 .  The BPPT Seaweed Research Team should seek immediate technical 
assistance from expert consultants capable of assessing the 
production techniques in the Bima Sakti operations in Bal i  and 
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recommendinq steps to improve product quality .  ( Durinq the 
u . s . team ' s brief visit ,. it was noted that it may be possible 
to improve dryinq techniques to ensure a cleaner product with a 
lower moi sture content and to harvest older alqae which usua l ly 
yield products with hiqher qel strenqths . )  or . Maxwel l s .  Doty 
of the University of Hawaii is  prepared to recommend specific 
sources of technical assistance . 

2 .  The BPPT Seaweed Research Team should formal ly approach the 
four ma j or manufacturers of alqae products worldwide with a 
request for technical assi stance in improvinq product quality . 
The u . s .  partic ipants wi ll suqqest persons and companies that 
should be contacted with such requests . 

3 . BPPT should provide fundinq to establish an alqae product 
qual ity assurance laboratory capable of assessinq the moisture 
content , c leanliness , and qel strenqth of Eucheuma . Laboratory 
analyses should be made available to the resea rchers and 
seaweed producers experimentinq with techniques to improve the 
quality of Indonesian alqae products . The laboratory should 
also be used to provide independent analyses of Indonesian 
products offered for sale on the world marke t .  Technica l 
assistance from private consultants or seaweed product 
manufacturers may be necessary to establish thi s laboratory 
effectively . 

4 .  Four to six members of the Seaweed Research Team should be sent 
abroad in the summer of 1 986 for advanced technical traininq in 
experimental ecoloqy , alqae industry operations , and culture of 
Eucheuma and aqar ·  ·producinq alqae . It is suqqested that team 
members arrive in the United States in time to enroll  for a 
five · ·week course in experimental marine ecoloqy at the 
University of North carolina Institute of Marine Sciences in 
Morehead City . After the course ,  the team miqht trave l  to the 
University of Hawaii for a month of directed research traininq 
on Eucheuma and aqar· ·producinq alqae . The U . s .  participants in 
this workshop would be pleased to host Seaweed Research Team 
members durinq their stay in the United States .  we have been 
told that the funds available throuqh an existinq USAID 
educational exchanqe proqram ( General Participant Tra ininq I I  
Proqram ) can be used to support u . s  trave l o f  the team . 

The recommended four··step proqram should lead directly to improved 
qual ity of Indonesian alqae products . By initiatinq such a proqram 
Indones ia wil l  demonstrate its commitment to effective competition in  
the world market for marine alqae products .  This demonstration of 
commitment is c ritical at this time when ma j or international purchasers 
are seekinq new sources of supplies . 

Copyright © National Academy of Sciences. All rights reserved.

Workshop on Marine Algae Biotechnology:  Summary Report, Jakarta, Indonesia, December 11-13, 1985
http://www.nap.edu/catalog.php?record_id=19226

http://www.nap.edu/catalog.php?record_id=19226


- 8 3 -

The u . s .  participants realize that call s  to immediate action are 
diff icult to answer , but the opportunity facing Indonesia i s  too great 
for us not to recommend immediate , forceful action . If we did not , we 
would have fai led in our responsibi lities to the spi rit of 
u . s - Indonesian cooperation demonstrated by thi s  workshop 
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APPENDIX A 

Opening Remarks 

Richard c. Howland 
Deputy Chief of Mission 

u . s .  Embassy 

I have had the good fortune to have been associated with Indonesia 
for over 2 0  years . Of the many experiences I have had in Indonesia , 
the most exciting have been those in which I participated in a new 
start . This has especially been the case when the new endeavor grew 
from the seeds of prior cooperative re lationships which were mutual ly 
beneficial , enlightening, and lasting . This workshop is such a new 
start , and I am very happy to be here on this occasion to bring you the 
good wishes of Ambassador Holdridge as wel l  as my own . The ambassador 
has been a very strong and cons istent supporter of cooperation between 
our countries in the fie lds of science and technology .  Unfortunately ; 
he is  not in Jakarta at the moment , but he sends hi s best wishe s  for a 
very successful workshop and proj ect . 

Indonesia and the United States have worked together for a long 
time and have shared interests in the fields of science and 
technology . We are proud of thi s  cooperation which was recent ly 
formal i zed by Minister Habibie and George Keyworth , President Reagan ' s  
science advisor , and whi ch culminated in the signing of an agreement by 
Minister Habibie and Ambassador Armacost in July 1 984 . 

This agreement calls  for cooperation in the fie lds of "agriculture � 
health . oceanography , natural resources ,  energy , technology relevant to 
providing a basis  for industrial development " and others .  Thi s 
workshop , under the guidance of the National Academy of Sciences and 
the Dewan Riset Nasional [DRN ) , is the first fruit of that agreement . 

Both of our nations acknowledge that development depends largely on 
the members of the scientific and technical communities sharing ideas 
and experiences . The u . s .  Congress established the u . s .  National 
Academy of Sciences to provide the envi ronment within which eminent 
persons from academia ,  government , and private enterprise could 
contribute thei r  ideas , expertise , and experience to a compendium of 
problems of national significance . Today under the umbrel la of the 
u . s  National Research Council , the Nat ional Academy of Sciences , the 
National Academy of Engineering, and the Institute of Medicine continue 
to draw upon the most prominent persons in our country to generate 
innovative ideas and to resolve maj or problems not only for our own 
country but for other countries as wel l  by mutual ly sharing and 
discussing ideas with their prominent scient i sts . 
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Earl ier this year . President Suharto establi shed a simi la r national 
research counci l  for Indonesia , the Dewan Riset Nas ional . We are very 
proud that the chairman of the DRN , Minister Habibie ,  has invited the 
u . s .  National Research Counci l  to partic ipate in the fi rst steps of 
establishing this  vital enterprise . This  first activity has been very 
ably coordinated by the esteemed secretary of the DRN , or . Sediono 
Tj ondronegoro , who is wel l  known for hi s achievements in sociology and 
for his keen interest in the problems of achieving effective transfer 
of technology . We are fortunate that the person chosen by the Academy 
to coordinate with or . Tj ondronegoro ' i s Mrs . Rose Bannigan , program 
development coordinator for the Board on Science and Technology for 
International Development . Mrs . Bannigan is well  known in Indonesia to 
both Indonesians and Americans as a tire less worker and a first-class 
organize r .  I think that with or . Tj ondronegoro and Mrs . Bannigan , 
assuming responsibi lity for thi s  proj ect , we can look forward to a 
series of exciting and productive workshops of which marine algae is  
the fi rst . 

Thi s  is not a new re lationship between the members of the DRN , as 
individuals , and the National Academy of Sciences . The Academy has 
been cooperating with prominent Indonesian engineers and sc ient ists for 
nearly 20 years . The fi rst maj or workshop on food policy in 1 968 
resulted f rom a col laborative program between the Academy and LIPI 
[ Indonesian Insitute of Sciences ] .  The recommendations of that 

workshop were incorporated into REPELITA I ,  whi ch laid the foundations 
for the very successful program of agricultural research . This work 
continues to deve lop through the u . s  · ·assisted Applied Agricultural 
Research and Sumatra Agricultural Research proj ects , both of which have 
already contributed substantial ly to Indonesia becoming self ·sufficient 
in food . The initial involvement was instrumental in deve loping 
j ointly funded proj ects such a s  the science and technology pro j ect , the 
present program with the National Academy of Sciences , and a current 
study to provide Indonesia with more support in the field of 
aquaculture . 

As we can see , this collaborative effort has already been very 
fruitful , and I am very honored to be a participant in the start of a 
new chapter in what has turned out to be an exc iting story with an 
excellent plot and lasting re lationships . We sincere ly hope that thi s 
wi ll , in turn , lead to exc iting new chapters in  the future . 

Not all proj ects can catch the attention of the public as much as 
putting an Indones ian astronaut into space ,  but all  are important to 
the development of Indonesia and its people . The workshop you are 
about to engage in today on marine algae biotechnology may not appear 
to be dramatic , but it is one that has almost l imitless benefits , not 
only for the people of Indonesia but also for the people of the world . 
Indonesia ' s  position as an i sland nation in an equatorial area gives it 
a potential far above that of most other countries . Indonesia can 
become the leader in the biotechnological deve lopment of marine 
resources .  I believe that the subj ect for this workshop is  the right 
subj ect for this time and for thi s place . 

I am particularly pleased that at the start of its existence the 
DRN wi l l  have the opportunity to consult with the National Academy of 
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Sciences and to use the Academy experience to assist in  defininq the 
tasks and the role it has been  chartered to play in the l ife of the 
Indonesian nation . It i s  important that the first areas of 
concentration be not only substantive areas but also those in which 
Indonesia already has siqnificant experience . Biotechnoloqy and marine 
resources have unlimited potential for improvinq the welfare of the 
Indonesian people , and I conqratulate you on choosinq as your first 
subj ect a very challenqinq but vitally important area of scientific 
enterprise . We look forward not only to the reports of thi s workshop 
but also to the applications of its deliberations . 

Please accept my best wishe s  for a very successful workshop . 
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APPENDIX B 

Keynote Address 

Doddy A.  Ti sna Amidj aj a 
Vice-Chairman 

Indonesian National Research Counc i l  

On behalf o f  Professor Habibie ,  chairman o f  the Indonesian National 
Research Council  and mini ster of state for research and technology � it 
is my honor and pleasure to extend our warmest welcome to you , 
especially the eminent scientists who came all the way from Hawaii and 
the mainland of the United States to take part in the workshop �n 
Marine Algae Biotechnology , which i s  j ointly organized by the u . s .  
National Academy of Sciences and the Indonesian National Research 
Counc i l . 

or . Habibie deeply regrets not being able to welcome you personally 
and to inaugurate this opening ceremony today . However ,  he has given 
us hi s assurance that he wi ll  be present at the last session of the 
workshop to acquaint himself with the conclusions and recommendations 
resulting from your del iberations and to convey his remarks and 
messages in the closing ceremony . He is  ful ly confident that this  
workshop wi l l  be a success , given the outstanding qual i f ications of  the 
participants and the intrinsic importance of the subj ect to be 
discussed . 

I am happy to note that the u . s National Academy of Sc iences has 
been he lping Indonesia examine several vital problems or topics 
pertaining to certain sectors of its deve lopment process , and come to a 
scientific understanding in formulating the answers to the problems of 
concern . In 1 968 and 1 978 ,  the u . s National Academy of Sciences , in 
cooperation with the Indonesian Institute of Sc iences [LIPI ] , he ld 
workshops on food , whi le in October and November 1 98 2 ,  in cooperation 
with the Team for the Formulation and Evaluation of a National Program 
for Research and Technology [ PEPUNAS RISTEK] , workshops were he ld to 
discuss the important topics of , respective ly , rural productivity and 
science and technology planning and forecasting . 

Once again , today , the u . s .  National Academy of Sciences i s  
cooperating with the Indonesian National Research COunc il  -the legal 
statutory advisory body to the Mini stry of State for Research and 
Technology- ··on bringing scientists f rom the United States and Indonesia 
together to obtain their views and recommendations on a very important 
topic for Indonesia as well as for the international economy , marine 
algae biotechnology . The use of algae products in the traditional 
Indonesian household , especial ly as vegetables or in del icacy cakes or 
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agar cakes , probably dates back to when the ancient Indones ians fi rst 
invented s imple biotechnologies . These included the use of mic robes in 
fermentation techniques to produce tape ( fermented cassava or rice ) and 
alcoholic drinks ( tuak , brem , etc . ) and the use of molds to produce 
tempe ( soybean -base ) and'"""'OriCom ( peanut --base ) cake s . As early as 1 29 2  
when the f i rst Europeans sai led the Indone si an seas , they observed that 
the native s  were col lect ing seaweed to be used as " vegetables " 

Sc ient ific taxonomic studies of algae in Indonesia date from 1 9 2 2  
when Heyne ment ioned 21 species o f  useful Indonesian seaweed - Now 587 
species of seaweed be longing to 1 93 genera are known and have been 
described , and it is certa in that sti l l  others exist . 

Of the known seaweed genera , several are of commerc ial importance . 
For example , Gelidium, Ge l i die l la , and Grac i laria are used as raw 
mate rial for agar and Eucheuma and Hypnea are used as raw material for 
carrageenan . The techniques and technologie s  used to gather ,  conserve � 

and pack seaweed are sti l l  very simple ; the se tasks a re mostly 
accomp l i shed by co l l ecting and sun-dryi ng .  We have , of course , a long 
way to go to obtain a product with the highe st value added . This wi l l  
involve a long cha in o f  sequences , beginning with : 

o Basic research on seaweed that covers its taxonomy , 
geographical di stribution , physiology and ecology , 
biochemi stry , and ident i f i cation of the properties of active 
substances . 

o Fol l owed by appl ied re search on farming techniques ,  
conservation of raw mate rial , alternative technologies for the 
isolation of chemical i nc lus ions ( pe rhaps biotechnology is the 
orde r  of the day he re ) , and sc reeni ng technique s for bioactive 
material , etc . 

o Arriving subsequent ly at the stage of technology assessment , 
engineering , and pi lot proj ects to be performed with 
cost -benef it analyses , and the establ i s hment of mode l 
i ndustries on a l imited p roduction scale which should be 
demonstrated to interested ent repreneurs .  

o CUlminati ng in upsca l i ng of production to produce an economi c 
commodi ty with the de si red standardized qual i ty and demanded 
quantity . 

Thi s  sequence of steps would normal ly not be carried out by a 
single institution . Most p robably , and i ndeed de si rably . it should be 
a re lay race of results f rom one i nstitution to another .  The key to 
effic ient , wel l-coordinated coope ration is the deve lopment of j olntly 
coherent research programs and proj ects . 

In Indone s ia ' s  que st to produce more nonpet roleum and nonga s 
commodities for export , resources f rom the sea should be searched and 
studied exhaustive ly .  Based on data on the state of the art of its 
exploitation and economic aspects , marine a lgae should obviously have 
high priority for increa s i ng efforts to optimi ze primary production � 
eithe r through nurturing natura l stocks and applying rat ional and 
rotationa l c roppi ng techniques or through farmi ng technologies . It i s  

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

W o r k s h o p  o n  M a r i n e  A l g a e  B i o t e c h n o l o g y :   S u m m a r y  R e p o r t ,  J a k a r t a ,  I n d o n e s i a ,  D e c e m b e r  1 1 - 1 3 ,  1 9 8 5
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 2 6

http://www.nap.edu/catalog.php?record_id=19226


- 92 -

heartening to note that some experimental seaweed farming efforts � such 
as Eucheuma in Bal i , show optimi stic results .  Howeve r , there is sti l l  
not suf f ic ient basic i nformation o n  the biology and ecology o f  algae 
spec ie s to improve the curre nt sat i s factory result in farming 
techniques . Furthermore , postharve st technique s are needed to obtain 
good··qual ity raw mate rial commodities . 

It i s  ve ry disappoint ing to see that the product ion of Indones i an 
seaweed ( from harvesting natural stocks ) has been decl ining in both 
quant ity and qual i ty during th i s  decade a nd is superseded by that of 
othe r countries ( i . e . , Phi l ippine s ) . The lower qua l i ty of the 
Indone sian product is c learly demonstrated by the lower price per ton 
received for Indonesian Eucheuma . In 1 982 , thi s price was US $1 0 0/t � 
whi le the Phi lippines receive d  us $ 380/t . It is obvious that to obtain 
a constant high yield in algae products and to ma i nta in its qua lity � we 
must master up-to-date farming systems and po stha rvest technologie s . 

Once the farming system technologies are e stabl ished and the raw 
material product i s  controllable in quant ity as we l l  a s  i n  quality �  
further efforts should be made to obtain higher va lue adde d �  not only 
for exported raw material s , but a l so for bioact ive substances that 
should be developed into economic commodit ies . 

Before arriving at thi s  stage , howeve r ,  more informat ion should be 
gathe red and more re search and inve stment should be carried out . It i s  
very important that a we l l  coordinated , coope rat ive program be 
e stablished among all inst itutions and re searchers deal i ng with seaweed 
research , especi a l ly when ve ry sophisticated techniques wi l l  be 
appl ied . Thi s i s  where the Indonesian National Re search Counc i l  can 
play a role and give gui dance and stimulation . 

Let me c lose by once again extending our gratitude to the u . s .  
Agency for International Deve lopment and the u . s  Nat ional Academy of 
Science s for the assi stance and cooperation that make this scient i f ic 
rendezvous between u . s . and Indonesian sc ient ists possible . Our thanks 
are also due to a l l  the partic ipants i n  the workshop . We a re confident 
that the deliberations wi l l  be f ruitful and an inva luable input to the 
Indone sian Nationa l Research Counci l  so that it can formulate 
sugge st ions for the Mini ster of State for Research and Technology , who 
will in turn formulate polic ies and programs for re search on natural 
re sources . 
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APPEND IX C 

The Center for Research and Deve lopment 
in Biotechnology at Cibinong 

susono Saono 
Professor National Biologi cal Institute 

Indonesian Institute of Sc iences 
Didin s .  sast rapradj a 

Ass i stant Mini ster of State for Research and Technology 

INTRODUCTION 

There is a general consensus that biotechnology wi l l  p lay an 
important role in the advancement of human we lfare in the near future . 
Thi s re sults largely f rom its f lexibi l ity and commercial potent ial in 
various i ndustrial sectors such as pharmaceutica l s , health care , 
chemicals , energy , agri culture , animal health and nutrition , food , and 
waste t reatment . Because biotechnology i s  adaptable to diverse 
conditions , it can be appl ied to the traditional ,  simple food and 
beverage fermentations as we ll as to modern pharmaceutical 
manufacturing . 

The state of biotechnology in a particular country depends , among 
other things on its i ndustrial base , the avai labi l ity of ski l led and 
tra ined manpower , financial re sources ,  supporting fac i l ities , and the 
market . In many deve lopi ng countries whe re these resources are 
limited , biotechnology i s  large ly s imple and traditional in nature , 
yielding hi gh-volume/low-value p roducts . In cont rast , the dominant 
feature of biotechnology in the deve loped countries is its 
sophi stication ; thus it yie lds low-volume/hi gh· ·va lue p roducts . 

Based on its GNP, Indone s i a  i s  a deve loping count ry .  Howeve r ,  
because of its rich natura l resources ,  l arge population ( a  potential 
manpower resource and market ) ,  and sound economy , the re i s  a real need 
to i nt roduce the so· ·cal led " new " biotechnology . Such an endeavor has a 
st rategic importance because i t  presents the opportuni ty to produce a 
larger variety of high value -added products which wi ll not only save a 
substant ial amount of funds for import subst itut ions , but could a l so 
serve as an additional source of i ncome for the country . As a 
spin-of f ,  the introduction of the " new" biotechnology i s  also expected 
to i nduce an improvement in science teaching i n  the schools and 
�niversities , espec i a l ly in ba s i c  sciences re lated to biotechnology 
such as mic robiology , biochemi stry , genetics , and molecular biology . 

Because deve lopment of the " new" biotechnology requires a large 
capital i nve stment and substantial we l l · ·qua l i f ied manpowe r ,  it is more 
economical with the pre sent s ituation in Indone sia to e stabl ish a new , 
well equipped and we l l  · funded re search and development cente r for 
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biotechnology ( the center for Research and Deve lopment in Biotechnology 
at Cibinong ) than support the exi sting research and deve lopment 
inst itutes under various government organizations . 

OBJECTIVES OF THE CENTER 

Based on the above cons iderat ions , the obj ective s  of the center for 
Research and Development in Biotec hnology at Cibinong a re to deve lop 
the national capabi lity to conduct research and deve lopment in the 
" new" biotechnology and genetic engineering and to provide the 
soph i st icated fac i l i ties needed for thi s  undertaki ng . In the long run , 
it i s  expected that the biotechnological approach can be uti l i zed to 
inc rease and promote the economic va lue of natura l  resources for food � 
fee d ,  medicines , chemicals , and energy . 

GUIDING POLICY 

In developing the Cente r ,  the fol lowi ng guiding pri nc iples will be 
observed : 

o The activities of the Center wi ll be c ross sectoral in 
character .  

o The program of the Center wi l l  become the focal point of a 
national network in biotechnology . 

o The products of the Center ' s  activities wi ll be informat ion and 
products ( prototypes )  that are low volume/high value in 
character , with extens ive market potential and usable for 
scaling up studies . 

Scope of Activities 

Proj ects 

To real i ze its obj ective s , the Center wi l l  formulate se lected 
research and deve lopment proj ects that support nat iona l programs in the 
f ie lds of f ami ly planning , health care , food production , animal 
production , and the manufacture of pharmaceuticals and other 
biological ly active compounds . For example , pro j ects would l ike ly 
inc lude the production of ste roida l compounds a s  raw materials for oral 
contraceptives and drugs , vaccines for human and animal health care , 
and important pharmaceuticals and other biological ly active compounds . 
Other pro j ects might inc lude cattle breeding by embryo transplantation 
and economic plant propagation by tissue and ce l l  culture . 
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Manpower 

So that the Center can function immediate ly , it i s  planned that 
scient ists now conducting biotechnological research in various research 
institutions wi ll be appointed to the Center staff . They wi ll be given 
support to carry out research on Center pro j ects in the i r  re spective 
institutes before the laboratories and other fac i l ities of the Center 
have been completed . Simultaneously , new unive rsi ty graduates wi l l  be 
rec ruited and sent to e stabli shed universities abroad for advanced 
degree tra ining in the discipl ines underlying biotechnology such as 
mic robiology , biochemi stry , genetics , molecular biology , biochemical 
enginee ring , and enzyme technol ogy . It i s  anticipated that by the end 
of the second f i ve -year phase , the Center wi ll have a staf f of at least 
2 0  Ph . o . s ,  supported by about 4 0  M . Sc . and other graduate research 
assistants . The latter wi l l  cons i st ma inly of capable technicians such 
as process deve lopment engineers , chemical engineers , mic robiological 
ana lysts , chemical analysts , mechanical engineers , electrotechnicians : 
and laboratory technicians .  

Fac i l ities 

The Center wi l l  be located on 200 hectare s of gove rnment land at 
Cibinong situated between Jakarta and Bogor . Pharmaceutical and food 
processing factories , re lated research laboratories ( agriculture , 
biology , health , animal husbandry ) ,  as wel l  as universities are located 
nearby . It i s  planned that within the f i rst f ive ·year pha se the 
fol lowi ng fac i lities wi ll be const ructed : 

o A two-storey re search and development laboratory ( 2 , 0 0 0  m2 ) 
for appl ied mic robiology and tissue culture 

o A two -storey re search and deve lopment laboratory ( 2 , 0 0 0  m2 ) 
for biochemistry and molecular biology 

o A general ···purpose proce ssing laboratory ( 5 0 0  m2 ) 
o Supporting fac i l i t ies cons i sting of an eme rgency power house , a 

water pump house , a small wastewate r t reatment fac i l ity ; a 
workshop , and a numbe r of greenhouses 

o Staff housing . 

During the current f i scal year ( 1 985 -1 986 ) , preparat ion wi l l  begin 
for construction of the laboratory for applied mic robiology and t i s sue 
culture . 

MANAGEMENT OF THE CENTER 

S i nce the Cente r is expected to become the focal point of a 
national biotechnology network , it wi l l  have an advi sory boa rd drawn 
from of f i c i a ls of the various research and development agencies , 
unive rsitie s , and the pri vate sector . The fore runner of such an 
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advisory board was set up by the Mini ster of State for Research and 
Technology , and it cons i sted of rep resentatives of various research and 
deve lopment aqenc ies and universities . 

The day-to-day activities of the Center wi ll be run by an 
administration compri sinq a director , laboratory and admini st rative 
supervi sors , and a supportinq staff , 

COOPERATION 

It is envi saqed that the Center wi l l  e stabl i sh c lose coopecation 
with re lated research and deve lopment inst itutions as wel l  as 
universities throuqh collaborative re search and exchanqe of staf f  and 
information to achieve common qoa l s .  

Reqional and international cooperat ion are much needed to deve lop 
the Cente r .  It i s  expected that the deve loped countries will make a 
siqnificant contribution durinq the deve lopmental phase of the Center 
in the form of equipment and other re search-· supporti nq fac i lities � as 
we ll as manpower traininq . The latter is particularly important 
because a lmost a l l  the scientific di sciplines needed are not of fered by 
Indone sian universities a s  advanced deqree tra ininq proqrams . 
In ·service traininq i n  the e stablished research inst itutions abroad , 
especial ly on the specif ic techniques of biotechnology , wi l l  also be 
needed to ret rai n  the exi stinq manpowe r to deal with new deve lopments 
in thi s  f i e ld . 

It i s  also envi saqed that j oint research and deve lopment ventures 
in selected f ie lds wi ll be e stabl i s hed between the Center and 
biotechnoloqical re search institutions abroad . 

LONG-TERM PLANNING 

As a re search and deve lopment center as wel l  as a knot in the 
nat ional biotechnology network , the Center should eventual ly be able to : 

o Become a partner of the universi ty in manpower tra ininq in the 
field of biotechnology and related discipl ines 

o Provi de bas ic information on and f i ndinqs in biotechnology to 
various research and development institutions 

o Serve as a l ink between the nat ional biotechnology network and 
reqional and i nternational institutions or orqanizations 
deal inq with biotechnoloqy 

o Serve as a c learinqhouse for the nat ional biotechnology network . 
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FUND ING 

During the f i rst and second f i ve-year development phases � the 
center wi l l  be funded by the government of Indonesi a  and fore i gn 
assi stance . Starting with the third f i ve-year development phase � 
howeve r , the Center i s  expected to be gradua l ly able to f inance its 
activities through contract re search and the provi s ion of fac i l ities as 
we ll as consultants i n  the f ie ld of biotechnology . It is expected that 
thi s abi lity wi ll increase with time . 
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APPENDIX D 

Closing Remarks 

Richard c. Howland 
Deputy Chief of Mi s sion 

u . s .  Embassy 

During the pa st three days you have heard about and discussed the 
l imitle s s  conceptual possibil ities of scientific development in the 
study of algae and the near-term p roduct deve lopment poss ibi litie s  f rom 
mutant selection , hybridi zation , etc . You have also heard that in the 
l imited t ime span of only two years , a sma l l  group of Indones ian 
scienti sts has made ma j or headway in research and has successful ly 
deve loped 7 50 Indones ian fami l ie s  into a lgae fa rmers . 

As a layman I find the technical developments now being di scussed 
a lmost beyond imagination . As an informed observe r I f i nd the work of 
the Indonesian sc ienti sts and of the a l gae farmers clear evidence that 
Indone sia i s  ready for a maj or advance in biotechnological 
development . The big questions are what follows now and how doe s 
Indone sia go about achieving it . 

In hi s paper discussing the biotechnolog ical re search center in 
Cibi nong , or . Didin Sastrapadj a made a very t e l l i ng point that the most 
important factor in any deve lopment is an adequate supply of tra ined 
and experienced people . Without such people no progress can be made � 
and i f  the numbers ava i lable are too few p rogress can only be slow and 
const rained to fa ltering steps . The key to development is adequate 
numbers of peop l e , we l l  tra ined and with prac tical experience . 

Mini ste r Habibie , this has been a recurring theme in your speeches 
and discussions over the last seve ra l  years . It is a theme that we in 
the u . s .  Embassy agree with wholeheartedly and to the support of which 
substant ial sums have been dedicated . Min i ster Habibie and 
distingui shed scientists , I congratulate you on a successful workshop . 
On beha l f  of Ambas sador Holdridge and myse lf , I wish you a very 
successful future in thi s  important field , and I thank you again for 
the great honor of sharing thi s  subj ect and thi s  time with you . 
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APPENDI X  E 

Closing Address and New Directions 

B .  J. Habibie 
Mini ster of State for Research and Technology 

Chai rman , Indonesian National Research counc i l  ( DRN )  

I n  both my capacities a s  mini ster of state for research and 
technology and as cha i rman of the Indones ian National Re search COunci l � 
I would l ike to add a personal word--not only a somewhat be lated 
we lcome , but at thi s point , and perhaps more appropriate ly , a l so a word 
of thanks for your pre sence , for your participation , and for the 
valuable contributions that you have made to this workshop on Marine 
Algae Biotechnology . 

Frankly speaking I have been looking forward to thi s f i rst in a 
series of j oint DRN· ·Nationa l  Academy of Sciences workshops s i nce I 
signed the agreement on mutua l coope rat ion with Professor Keyworth in 
washington , D . c .  i n  the early summer of 1 984 . Therefore , I was 
de l i ghted to lea rn two months ago f rom the secretary of the Indones i an 
Nat iona l Research counci l  that the present workshop was to take place 
in early December , after the USAID-NAS agreement was s i gned on Octobe r 
2 ,  1 98 5 .  

Al low me now t o  dwe l l  o n  a n  explanation which I address t o  a l l  
present here concerning the di rection in which I would l i ke t o  see 
DRN-·NAS cooperation and the i r  delibe rat ions deve lop -

As you may be aware , the f i rst phase of the agreement between DRN . 
and the u . s  Nat ional Academy of Sciences covers the period 1 98 5 · - 1 987 . 
Within thi s period four maj or subj ects have been selected thus far for 
a series of workshops : marine a lga e biotechnology , oceanology and 
marine resources , biotechnology , and development of a science and 
technology information system . A pos s ible f i f th topic to be cons idered 
is technology t ransfer to technological ly backward ethnic groups . 

Each ha s been se lected with a view toward the p roblems that my 
country faces in its progres s  toward a take -of f stage in less than 1 5  
years f rom now . TWo of the most relevant and urgent problems i n  great 
need of relative ly rapid solutions are scientific manpower deve lopment 
and the acquisition of i ndispensible research fac i lities . It i s  my 
deepest conviction that in a world of rapid technological progress � 
Indonesia , as a big deve loping country be stowed with a wealth of 
natural as we ll as human resource s ,  cannot af ford to remain i gnorant of 
the most sophi st icated technological advancements . 

- � -
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Indeed ,  I am also aware of my country ' s  potential , and it i s  
precise ly because of my awarene ss o f  exi stinq backloqs and shortcominqs 
that I deem it necessary to maintain qood relationships with 
technoloqically advanced count ries to enable a cont inuinq dialoque . In 
that scenari o ,  it is my contention that the North ·South dialoque on 
problems of research and technoloqy wi ll benefit both counterparts . It 
i s  not only the technoloqical ly advanced North that can transfer 
technoloqy and science . The South of fers a t remendous amount of varied 
conditions i n  liqht of which traditional and patterned solutions may 
have to be revi sed and improved .  It i s  these new challenqes that we as 
scient i sts seem to be fac inq . It i s  the refore important to e stablish 
and mai ntain an effective communication network throuqh which 
consultations and cont inuous exchanqe of thouqht wi l l  be possible . 

With reqard to the topic of thi s workshop , I would like to say that 
the choice has been quided by the fact that amonq our many natural 
resources , our marine resources have been re lative ly unexplored and 
unexploite d ,  except perhaps for fi sheries . Partic ipants in thi s  
workshop have been made awa re o f  our p roqrams t o  develop 
biotechnoloqical research re levant to marine resources . 

Havinq li stened carefully to the f i ndinqs and recommendations of 
thi s workshop , I am most confi dent that at least part of the 
recommendations can be implemented withi n  the foreseeable future . It 
is thi s  spirit of brinqinq the world more practical pol icymakinq that I 
nave my qreate st appreciation for , and I would l i ke to see the 
forthcominq workshops i n  the DRN-NAS series conducted in thi s spi rit . 
I would l i ke to reiterate what I have said on many occas ions . It is in 
the service of deve lopment in qeneral ,  and of human prospe rity i n  
parti cula r ,  that the blend o f  scient i f ic quidance and the wisdom of 
policymakinq should be put to its best use . 

Fina l ly ,  I am looki nq forward to the printed proceedinqs of the 
discussions that took place in thi s  workshop whi ch would preferably be 
ci rculated i n  two lanquaqe s - - Indonesian and Enql i sh- . .  for wider 
distribution amonq i nterested sc ient i sts as we l l  as po licymakers . I 
thank you aqain for your cont r ibutions to thi s  workshop , and I would 
l i ke to extend , more particularly to our American f riends , my early 
qood wi shes for Christmas and the New Year ;  

The sequence of activities that has a l ready been scheduled by DRN 
and NAS for 1 986 assure s me that I can c lose thi s f ruitful workshop by 
sayinq : Sampa i bertemu laqi ! ( See you aqa in ! ) 
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wedne sday 1 December 1 1  

Morn i ng 

Coffee 

APPENDI X  F 

workshop Agenda 

Opening ceremony 

Report by the Seaweed Research Team Organi z i ng 
COIIIJili.ttee 
Ora . Rachmaniar Rachmat , Cha irperson 

Opening Remarks 
Mr . Richard c. Howland 
Deputy Chief of Mi ss ion 
u . s . Embassy 

Keynote Addre s s  
or . Doddy A .  Tisna Amidj a j a  
Vice-Chairman 
Indone sian Nat ion�l Research 
Counc i l  

Sess ion I :  Dr . A .  M .  Satar i ,  Cha irman : 
Hasan Mubarak and Untung Suwahyono , Rapporteurs 

The Center for Research and Deve lopment in 
Biotechnology at Cibi nong 
Dr . Didin s. Sastrapradj a ,  Assi stant Mini ster 
of State for Research and Technology 

The Potent ial of Mar ine Algae for 
Biotechnological Products in Indonesia 
Dr . Aprilani Soegiarto , Di rector , Nat ional 
Institute of Oceanology 

Uses of Marine Algae i n Biotechnology and by 
Industry 
Or . Donald w .  Renn , Senior Research Fe llow ,  FMC 
Corporation 
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Lunch 

Afternoon 

Coffee 

Thursday , December 1 2  

Morning 

Cof fee 

Lunch 

Afternoon 
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Ses sion I I : Or . Apri lani Soegiarto , Cha irman ; 
Mr . Jana Anggadi redj a ,  Rapporteur 

Biological and Economic Approaches to 
Indust rial Development Based on Marine Algae in 
Indones i a  
Or . Maxwe l l S ·  Doty _. Profe ssor of Botany , 
Uni versity of Hawa i i  

Sc reening Species o f  Brown and Red Algae 
Collected f rom the Coast of Spermonde for 
Active Substances 
Tj odi Har l im ,  Lecturer , Uni versity of Hasanuddin 

Adj ournment 

Sess ion I I I : Or . Indrawat i  Gandj ar , 
Chai rperson ; Daj a  Pamudj i ,  Rapporteur 

Seaweed as a Raw Material for Industry 
Mr . Jana Anggadi redj a on behal f  of the BPPT 
Seaweed Research Team 

Marine Algae Biotechnology : Poss ibi l ities and 
Realities 
Or .  Donald W ·  Renn , Senior Research Fe l low , FMC 
Corporation 

Marine Algae Biotechnology : Ecological Context 
and Manpower Needs for Indone s ia 
Or . Di rk Frankenberg , Di rector , Marine Science 
Program, Uni versity of North Carolina at Chape l 
Hi l l  

Group Di scuss ions 

Research Group : Dr . Apri lani Soegiarto , 
Chai rman : Mr . Wardana Isma i l ,  Rapporteur 

Deve lopment Group : Dr . A .  M .  Satari , Cha i rman ; 
Mr . Hasan Mubarak , Rapporteur 
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Friday , Decembe r  1 3  

Morninq 

Lunch 

Afternoon 
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Plenary Session : Or . Sediono Tj ondroneqoro , 
Chai rman ; ora . Rachmaniar Rachmat and Achmad 
zatnika , Rapporteurs 

Summary of Conclusions and Recommendations 
ora . Rachmaniar Rachmat 

Comments by Chairman of the u . s .  Pane l 
or . Di rk Frankenberq 

Closinq Remarks 
Mr . Richard c. Howland 

Closinq Address and New Directions 
or . B .  J. Habibie , Minister of State for 
Research and Technology , and Chairman , 
Indonesian Nat ional Re search Counci l  
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APPEND IX G 

workshop Participants 

Stee rinq Committee 

or . Sediono Tj ondroneqoro , Sec retary , Indonesian National Research 
Counc i l  ( Chairman and Workshop Chairman ) 

or . Didin s .  Sastrapradj a ,  Assi stant Mini ster for Research and 
Technology 

or . A. M. Satari , Deputy Cha irman for Basic and App l ied Sciences , 
Aqency for the Assessment and Application of Technology , ( BPPT ) 

Dr . Apri lani Soeqiarto , Director , National Institute Of Oceanology , 
Indonesian Institute of Sciences , ( LIPI ) 

Orqani zinq Committee 

ora . Rachmaniar Rachmat , BPPT ( Cha i rman ) 

Drs . Jana Anqqadi redj a ,  Ministry of State for Research and Technology 

I r .  Achmad zatnika 

I r . sul i st i j o ,  National Inst itute of Oceanology , LIPI 

I r . S r i  Istini , BPPT 

Ir . Dadanq Pe rmadi , Ministry of State for Research and Technology 

Ir . Suhaimi , BPPT 

Ir . Hasan Mubarak , Aqency of Aqricultural Research and Deve lopment 

Drs . Tito Kustim, LIPI 

Mr .  Sutarj o ,  Mi nistry of State for Research and Technology 

Abdul Fi rman , Ministry of State for Re search and Technology 
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Suki Julu Salasikin , LIPI 

Budi Minerva , Ministry of State for Research and Technology 

Indang Wahyurini , Ministry of State for Research and Technology 

Ms . Yes sy ,  Ministry of State for Research and Technology 

Ms . Ast i  Suryani , Ministry of State for Research and Technology 

Prapti Mulyani , BPPT 

Mr .  Dodi I BPPT 

u . s .  NRC Panel Members 

Or . Dirk Frankenberg , Director , Marine Sc iences Program , Unive rs ity Of 
North carol i na of Chape l Hi l l  ( Cha i rman and Workshop Vice·· Chairman ) 

Or . Donald w .  Renn , Senior Research Fe llow , FMC Corporation 

or . Maxwe l l  s .  Doty , Professor . Department Of Botany , University of 
Hawa i i  

Mrs . Rose Bannigan , Program Deve lopment Coordinator , Boa rd o n  Sc ience 
and Technology for International Development , National Research 
Counc i l  

Other Partic ipants 

Mr .  Daj a  Pamudj i ,  BPPT 

Mr .  Soema rsono , BPPT 

Mr . Haryanto Dhanuti rto , BPPT 

Mrs . Sri Sugati ,  Department of Health 

Mrs . Li l i �  Purwaningsih , Department of Industries 

Mr. R.  w .  Wahyu w . , Department of Industries 

Mr . Isro i l  Samihardj o ,  Department of Defense and Securi ty 

Mrs . Ida Ikram , Bogor Agricultural University 

Mr . Sumpeno Putro , Fish Research and Deve lopment Center 

Mr . A .  Bas rah Enie , Department of Industries 
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Mr . Wanda s .  Atmadj a ,  National Institute of Oceanology 

Mr .  Wibowo Manqunwardoyo , University of Indones i a  

Mr . Edi Setianto , u .· s  Aqency f o r  International Deve lopment ( USAID ) 

Mr .  Boqie ,  Bosowa Mininq 

Mr . s Matsumoto , Bosowa Mininq 

Mr . M .  Syarif Hitam , Boqor Aqricultural University 

Mrs . Indrawati Gandj ar , Uni versity of Indones i a  

Mr . Dj iwa Darmadj a ,  University of Udayana , Bal i  

Mr . Indriyarso , BPPT 

Mr . Mochtar Machful , Ministry of State for Research and Technology 

Mr . Waluyo Subani , Fish Research and Devel opment center 

Mr . Ben Budiman , S i nar Mut iara Indonesia Ltd . 

Mr . Tj odi Har l im, University of Hassanudin ,  Uj unq Pandanq 

Mr . Hariadi Adnan , The Copenhagen P . F .  Ltd . 

Mr . I .  M .  P .  suardhana , Reqional Planni nq Board of Bal i  Province 

Mr .  M. Alwi , Reqional Planninq Board of West Nusatenqqara Province 

Mr . Tuntomo , Dinamika Sulawe s i  Ltd .  

Mr . Yoe sman , Req�onal Planninq Board of We st Nusatenqqara Province 

Mrs . I rma ,  Amazon Yudha Ltd . 

Mr . Nico P .  M . , Amazon Yudha Ltd . 

Mr . Bambanq Tj iptorahardi , Bima Sakti Ltd .  

Mr . R .  Sunaryo 

Mr . Asmaun Tan , Dunia Walet , Ltd . 

Mr . Tri ana Wi j aya , Dunia Walet , Ltd . 
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Other Attendee s 

or . o .  A .  Ti sna Amidj aj a ,  Chairman , LIPI 

Mr. J . H .  Hutasoit , Junior Mini ster of Fi sh and Husbandry , Department of 
of Agriculture 

Mr . Jacob Jennes ,  Neraca News 

Ms . Diah Asri Erowati ,  BPPT 

Mr .  Ron Redman , USAID 

Mr .  Bardi s Winta , BPPT 

Mr . Endro Kardona , BPPT 

Mr . De smond O ' Riordan , USAID 

Mr .  Richard c. Howland , u . s .  Embas sy , Jakarta 

Ms . Saraswat i ,  BPPT 

Mr .  Andri , BPPT 

Mr . K. Algama r ,  BPPT 

Mr . Todo Tambunan , Sc ience and Technology Research Center 

Mr . Joko P .  s . , BPPT 

Mr . Effendi , Dunia Walet ,. Ltd . 

Mr . Hanuna Mappa , Regiona l Planning Board of South Sulawes i  Province 

Mr . Wi l l i am P. FUller , ' USAID 

Mr . Rozik B .  S . , BPPT 

Mr .  Maman Roc hama r ,  BPPT 

Mr . Sabana Kartasasmita , Minist ry of State for Research and Technology 

Mr . Susono Saono , Nationa l Biological Re search Center 

Mr . R .  Sihombing , Antara News 

Mr . Rusmin ,  u . s .  Information Service 

Mr . B .  s .  Danie l ,  Si nar Harapan News 

Mr . Jusdy Achmad, Mini stry of State for Re search and Technology 
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Workinq Groups 

Research Group 

Sediono Tj ondroneqoro 
Apri lani Soeqiarto 
Donald w .  Renn 
Ida Ikram 
Sunaryo 
Wanda s .  Atmadj a 
M. Sya rif Hitam 
Sri Suqati 
Waluyo Subani 
Isro i l  Sami hardj o 
Wibowo Manqunwardoyo 
Dj iwa Darmadj a 
Achmad Zatnika 
Sri Istini 
Suhaimi 
Husan Mubarak 

Deve lopment Group 

Maxwel l  Doty 
s .  Matsumoto 
Yoe sman 
Di rk Frankenberg 
M. Alwi 
Sumarsoo 
A .  Basrah Eni e 
Li lik Purwaninqsih 
R .  w .  Wahyu w .  
Irma 
Ben Budiman 
Nico P . M . 
Tuntomo 
Moc))tar Machful 
Rose Banniqan 
I .  M .  P .  Suardhana 
Hariadi Adnan 
Boqie 
Tri ana Wi j aya 
Asmaun Tan 
Bambanq Tj iptorahardi 
A. M .  Satari 
Sumpeno Putro 
Sul i styo 
Jana Anqqadi redj a 
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